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LETTER    QF   TRANSMITTAL. 


Department  op  the  Interior, 

Office  of  the  Secretary, 
Washington,  D.  0.,  December  29,  1885. 
Hon.  L.  Q.  0.  Lahab, 

Secretary  of  the  Interior. 
Sir:    I  have  the  honor  to  transmit  herewith  the  sixteenth  and  seventeenth  volumes  of  the  quarto  series 
comprising  the  final  report  on  the  Tenth  Census,  namely,  that  devoted  to  the  water-power  of  the  United  States, 
prepared  under  the  direction  of  Professor  W.  P.  Trowbridge,  of  the  School  of  Mines,  Columbia  College,  New 
York,  N.  Y.,  chief  special  agent. 

The  report  comprises  the  following-named  monographs : 

Part  I. 

Streams  of  eastern  New  England Swain. 

Eegion  tributary  to  Long  Island  sound Porter. 

Hudson  Eiver  basin  and  Lake  George  outlet . .  Porter. 

Eegion  tributary  to  lake  Ontario  and  the  New  York  state  canals Porter. 

Drainage  basins  of  lakes  Huron  and  Erie,  and  water-power  of  Niagara  falls  and  river . .  Greenleaf. 

Middle  Atlantic  water-shed Swain. 

Southern  Atlantic  water-shed Swain. 

Eastern  Gulf  slope Porter. 

Part  H. 

The  Northwest Greenleaf. 

Mississippi  river  and  some  of  its  tributaries Greenleaf. 

Mississippi  river  on  the  west,  below  Dubuque Porter. 

Ohio  Eiver  basin  and  Ohio  state  canals Porter. 

Water-supply  of  certain  cities  and  towns Elliot. 

The  general  review  and  summary  which  is  so  strongly  commended  and  approved  by  Professor  Trowbridge 

was  prepared  by  George  F.  Swain,  Assistant  Professor  of  Civil  Engineering  in  the  Massachusetts  Institute  of 

Technology,  at  Boston,  Massachusetts. 

Very  respectfully,  your  obedient  servant, 

JAMES  H.  WAEDLE, 

Ohief  of  Census  Division. 
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School  of  Mines,  Columbia  College, 

Neto  York,  N.  Y.,  October  12,  1882. 
Hon.  Chas.  W.  Seaton, 

Superintendmt  of  Census,  Washington,  B.  G. 

Sir:  I  have  the  honor  to  transmit  herewith  the  reports  of  Messrs.  George  F.  Swain,  James  L.  Greenleaf,  and 
Dwight  Porter  on  the  water-power  of  the  United  States. 

As  special  agent  of  the  Tenth  Census  in  charge  of  the  collection  of  statistics  of  power  and  machinery,  I 
arranged,  at  the  request  of  General  Francis  A.  Walker,  and  under  his  general  direction,  the  plan  of  investigations 
of  which  the  results  are  embodied  in  these  reports.  I  have  already  transmitted  the  reports  of  the  other  special 
agents  selected  by  me  for  the  collection  of  statistical  information  on  the  other  branches  of  the  work  under  my 
charge,  and  the  results  which  I  now  forward  complete  the  series  of  investigations  intended  to  cover,  so  far  as 
practicable,  the  subject  of  power  and  machinery. 

The  general  scheme  of  inquiries  in  relation  to  water-power  was  arranged  in  consultation  with  General  Walker 
before  the  special  agents  who  were  to  take  the  held  had  been  selected.  It  embraced  the  examination  of  the 
different  great  water-sheds  of  the  country  as  they  are  naturally  defined  by  mountain  systems  and  intermediate 
slopes  and  valleys.  The  investigations  were  to  be  conducted  by  personal  explorations  and  reconnaissances  in  the 
field,  with  the  aid  of  all  available  maps  and  other  sources  of  information  that  could  be  procured.  It  was  foreseen 
at  once  that  great  care  must  be  taken  not  to  make  the  examinations  so  general  that  the  results  would  have  no 
specific  value,  nor  so  much  in  detail  as  to  preclude  the  possibility,  with  the  limited  force  at  my  disposal,  of 
embracing  the  entire  country  east  of  the  Eocky  mountains. 

For  the  work  thus  planned  I  selected,  with  General  Walker's  approval,  Mr.  George  F.  Swain,  civil  engineer,  a 
graduate  of  the  Massachusetts  Institute  of  Technology;  Mr.  James  L.  Greenleaf,  civil  engineer,  a  graduate  of  the 
School  of  Mines,  Columbia  College,  ISTew  York,  N.  Y.;  and  Mr.  Dwight  Porter,  a  graduate  of  the  ShefBeld  Scientific 
School  of  Yale  College,  New  Haven,  Connecticut.  These  gentlemen  remained  in  the  field  continually  until  their 
investigations  were  concluded,  receiving  advice  and  directions  by  mail  as  their  work  progressed. 

I  need  only  refer  you  to  their  reports  for  evidence  of  the  large  amount  of  work  which  they  accomplished. 

But  these  reports  do  not,  and  can  not,  exhibit  any  evidence  of  the  fatigue  and  exposures  undergone  by  these 
gentlemen  in  their  efforts  to  accomplish  within  the  time  allotted  the  work  which  was  assigned  to  them. 

As  contributions  to  the  hydrology  of  the  country,  the  reports  will,  I  am  sure,  be  found  to  be  of  a  character  not 
heretofore  attempted,  and  to  contain  general  and  specific  information  of  the  highest  public  value  and  interest. 

The  whole  cost  of  the  work  consisted  of  the  very  moderate  salaries  of  the  thi-ee  special  agents  named  above, 
and  their  necessary  traveling  expenses. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

W.  P.  TEOWBEIDGE, 
Chief  Special  Agent,  Tenth  Census. 
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WATER-POWER  OF  THE  UNITED  STATES. 


THE  DISTEIBUTION  OF  UTILIZED  POWEE  IN  THE  UNITED  STATES. 
The  following  table  shows  the  total  water-  and  steam-power  in  use  in  1870  and  1880,  with  other  facts  of  Interest: 


WATEK-rOWEB. 

STEAM-POWER. 

Total  steam- 
and  water- 
power  (horse- 
power). 

Number  of  wa- 
ter-wheels. 

Horse-power. 

Average 
horse-power 
per  wheel. 

Numher  of 
steam-engines. 

Horse-power. 

Average  horse- 
power per 
steam-engine. 

1880 

55, 404 
51,018 

1,  225,  379 
1, 130,  431 

22.12 
22.16 

50, 483 
40, 191 

2,185,458 
1,  215,  711 

38.69 
30.25 

3, 410, 837 
2,  346, 142 

1870. 

Percentage  of 
increase  ... 

8.60 

8.40 

40.54 

79.77 

45.38 

From  this  we  see  that  the  total  amount  of  power  used  in  manufactures,  both  steam  and  water,  has  increased 
1,P64,695  horse-power  during  the  decade.  Of  this  total  increase,  94,948  horse-power,  or  8.92  per  cent.,  is  due  to 
the  increase  in  the  amount  of  water-power  used,  while  969,747  horse-power,  or  91.08  per  cent.,  is  due  to  the  increase 
in  the  amount  of  steam-power  used.  The  average  power  of  the  water-wheels  has  slightly  diminished,  probably  on 
account  of  the  introduction  of  various  forms  of  sm  all  hydraulic  motors  for  light  work. 

The  following  table  gives  the  total  amounts  of  water-  and  steam-power  in  each  state  and  territory  in  1870  and 
1880,  with  the  percentage  of  increase,  and  the  proportional  amounts  of  water-  and  steam-power.  This,  however, 
must  be  regarded  as  an  approximate  comparison  only: 


state  or  territory. 


Total  in  the  United  States. 

Alabama 

Arizona  

Arkansas 

California 

Colorado 

Connecticut  

Dakota 

Delaware 

District  of  Colombia 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kannas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota .' 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 
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WATER-POWER. 


Total  in  1870.   Total  in  1880.      Increase. 


Sorse-power.  j  Horse-power. 
1,130,431  i        1,225,379 


11,011 
10 

1,546 

6,877 
(5,381) 

792 
(742) 

54,395 

76 

4,220 

1,100 

528 

27,  417 
(27,  356) 

295 
(92) 

12,  953 
23,  518 
14,  249 

1,789 

7,640 

142 

70, 108 
18,  461 

105,  854 

34,  895 

13.  054 
2,463 
0,644 

795 
(611) 

1.446 

2,638 
(370) 

68,  291 

25,832 


11,797 
160 

2,024 
4,850 

1,849 

61,  205 

803 

4,785 

880 

939 

30,  067 

1,136 

17, 445 
21,810 
20,  363 

7,611 

9,012 

90 

79,  717 
18,  043 

138,  363 

34,  395 

28,  689 

3,449 

8,162 

954 

5,495 
108 

09, 155 
'  27,066 


Per  cent. 
8.40 


7.14 
1,  500.  00 

31.00 
(«) 

149. 19 

12.52 

956.  58 

13.39 

(a) 

77.84 

9.91 

1,  134.  78 

34.68 
(a) 


325. 43 
17.96 
(a) 

13.76 
(a) 

30.71 

(a) 
119.77 
40.60 
2?,  85 

56.14 

280.  01 
(a) 

1.27 
4.78 


STEAM-POWER. 


Total  in  1870.   Total  in  1880. 


Horse-power. 
1,  215, 711 


Horse-power. 
2, 185,  458 


7,740 

80 
(36) 

6,101 

18,  493 
(17,  072), 

1,433 
(761) 

26,  979 

248 

4,313 

789 

3,172 

10,  826 
(10,  811) 

311 
(191) 

73,  091 

76,  851 

.  25,298 

6,300 

31,  928 

24,  924 
(6,  628) 

9,465 

13,  961 

■     78,602 
(78,  450) 

70,  956 

7,085 

10,  019 

48,  418 

822 
(226) 

1,865 

6,007 
(636) 

8,787 

32,  307 

a  Decrease. 


16,  779 
370 

13,  709 
28,  071 

3,953 

57,  027 
1,421 

10,643 
2,263 
6,  208 

21, 102 

546 

126,  843 

109,  960 

33,  858 

13,  468 
45,  917 
11,256 

20,  759 
33,  216 

171,  397 

130,  352 
25, 191 
15,  001 
72,  587 

544 

2,999 
608 

18,  595 
72,  792 


Increase. 


isro. 


Water- 
power. 


Per  cent. 
79.77 


103.  85 
957. 14 


124.  70 
64.43 


119.51 
472.  98 
146.  77 
186.  82 
95.71 

95.19 

185.  86 

73.54 
•43.  08 
3.1.  84 

111.  76 
43.81 
69.82 

119.  32 
137.  92 

118.  48 

83.71 

255.  55 

49.73 

40.92 

140.  71 

80.80 
(a) 

111.62 
125.  31 


Per  cent. 
48.18 


58.72 
11. 11 


20.21 
27.11 


67.08 
23.46 
49.46 
58.23 
14.27 

71.69 

48.68 

15.05 
23.43 
36.03 

21.95 
19.31 
■  0.57 

88.11 
56.94 

57.42 

32.97 
04.82 
10.67 
12.07 

49.17 

43.67 
29.70 

88.60 
44.43 


Steam- 
power. 


Per  cent. 
5i.82 


41.28 
88.89 


79.79 
72.89 


32.  32 
76.54 
50.54 
41.77 
85.73 

28.31 

51.32 

84.95 
76.57 
63.97 

78.05 
80.69 
99.43 

11.89 
43.06 

42.  68 

67.03 
35. 18 
80.33 
87.03 

50.83 

66.33 
70.30 

11.40 
56.67 


18N0. 


Water- 
power. 


Per  cent. 
35.93 


42.78 
30.19 


12.86 
14.73 


51.77 
36.11 
31.02 
28.00 
13.14 

68.76 

67.54 

12.09 
16.55 
37.56 

36.  II  i 

16.41  i 

0.79 


Steam- 
power. 


Per  cent. 
64.07 


79.34 
35.20 

44.67 

20.88 
53.25 
18.69 
10.11 

03.68 

64.69 
15.  08 

78.61 
27.10 


1 


57.22 
69.81" 

87.  14 
85.27 

68.  13 

48.23 
63.89 
68.98 
72.00 
80.83 


32.46 

87.91 
83  45 
62.44 

63.  89 
83.59 
99.  21 

20.66 
64.80 

55.33 

79.12 
46.75 
81.31 
89.89 

36.32 

35.31 
84.92 

21.19 
72.00 


gi<:nkral  introduction. 


xm 


state  or  territorv. 


Kew  Mexico . . . 

Xcw  Tort 

North  Carolina 

Oliio 

Oregon  

Peuusylvania . . 
Khoile  Island . . 
South  Carolina 

Tennessee 

Texas 

Utah 

Vermont 

"Virginia 

"Washington  .  - . 
"W"est  Virginia . 

"Wisconsin 

Wyoming 


WATER-POWBR. 


Total  in  1870.    Totalinl880.       Increase, 


Sorse-power. 

059 
(653) 

2Q8,  256 
(208, 106) 

26,211 
(26,  200) 

44,  746 

6,806 
1 5,  766) 

,   141, 982 

18,  481 

10,  395 
(10,  386) 

19,  514 
1,830 

2,169 

44,897 

41,  202 

1,412 

10, 195 

33,  714 

34 

(0) 


Sorse-power. 
S32 

219, 348 

30, 063 

38,641 
9,255 

110,276 
22,  240 
13,  873 

18,564 
2,508 

3,535 

52,  226 

37,  464 

1,185 

9.454 

45,  356 


Per  cent 
49.60 


5.40 
14.74 


(a) 


60,51 


(a) 


20.34 
33.58 


(o) 


37.05 


16.32 


(a) 
(o) 
(a) 


BTEAM-POWEK. 


Total  in  1870.   Total  in  1880. 


Horfie-power. 

252 

(103) 

126, 107 

6,941 
(6,  810) 

129,  577 

2,471 
(2,461) 

;:i,  936 

23,  546 

4,637 
(4,  487) 

18,  467 

11,214 

331 
(319) 

6,425 

8,410 

1,411 

17, 136 

30,  609 

310 

(246) 


Horeepawer. 
427 

234,  795 

15, 025 

222,  602 
4,334 

402, 132 
41,  335 
11,  995 

33,  388 
28,  026 

1,154 

11, 088 

19,  710 

3,210 

28,  456 

60,  729 
717 


Increase. 


Per  cent. 
814. 66 

86.19 

120.  44 

71.71 
76.83 

81.19 
75.65 
16.73 

80.80 
149.  92 

261.  76 

72.58 
134.36 
127. 49 

66.06 

99.05 
192.  65 


1S70. 


Water- 
power. 


Per  cent. 
72.34 


25.67 
70.15 

39.01 
43.97 
69.62 

61.38 
14.03 

86.76 

87.48 
83.06 
60.02 
37.30 


Steam- 
power. 


Per  cent. 
27.66 

37.  72 


74.33 
29.85 

60.99 
56.03 
30.38 

48.02 
85.97 

13.24 

12.52 
16.95 
49.98 
62.70 

47.50 
90.12 


1880. 


Wator- 
power. 


Per 


cent. 
68.68 

48.30 

66.68 

14.80 
68.11 

21.52 
34.98 
53.63 

35.73 
8.2! 

75.39 

82.49 
05.53 
26.90 
24.94 

42.75 
5.03 


Steam- 
power. 


Per  cent. 
31.42 

51.70 

33.32 

85.20 
31.89 

78.  4t 
65.02 
40.37 

64.27 
91.79 

24.61 

17.51 
34.47 
73.04 
75.  06 ' 

57.25 

04.97 


a  Decrease. 

Note. — In  cases  where  two  figures  are  yiven  for  the  steam-  or  water-power  of  a  stale  in  1870,  those  not  inclosed  in  parentheses  are  the  ones  retumod.  Those  in 
parentheses  are  the  figure.^  used  in  compnting  the  percentages  of  increase,  and  have  been  derived  from  the  former  by  subtracting  power  used  for  purposes  which  in 
^880  were  not  classified  under  mannfactures.    The  table  thus  refers  to  power  used  in  raunufictures  as  classified  in  1880. 

lu  taking  the  results  for  these  tables  from  the  ceusu.s  returus,  it  is  to  be  observed  that  the  classification  adopted 
in  1880  is  not  exactly  tbe  same  as  that  of  1870.  Thus,  from  the  tables  it  would  appear  that  there  was  a  falling  off 
in.  the  amount  of  steam-power  used  in  manufactures  in  the  state  of  Louisiana  from  24,924  horse-power  in  1870  to 
11,256  horse-power  in  1880.  This  is  due  to  the  fact  that  in  the  Census  of  1870  the  sugar  made  on  the  plantations 
direct  from  the  raw  caiie  was  included  as  a  product  of  manufacture,  while  in  1880  it  is  included  with  the  products 
of  agriculture.  Thns,  in  order  to  make  a  comparison,  we  must  deduct  18,296  horse-power  (steam-power)  used  on  the 
plantations  from  the  total  24,924  horse-power,  and  we  should  then  have  for  the  industries  included  in  the  Census  of 
1880  an  increase  from  6,628  horse-power  in  1870  to  11,256  horsepower  in  1880.  In  a  similar  way,  some  of  the  items 
which  in  1870  were  included  under  the  head  of  manufactures,  such  as  "quartz,  milled",  were  in  1880clas.sed  among 
the  statistics  of  mining,  and  their  amounts  had  to  be  subtracted  from  the  figures  given  for  1S70.  The  corrected 
amounts,  taking  account  of  the  principal  items  of  this  kind,  have  been  included  in  parentheses  in  the  foregoing 
table,  and  in  all  cases  they  have  been  used  in  computing  the  percentages  of  increase.  As  this  report  deals  with 
water-power  without  reference  to  the  use  made  of  it,  whether  for  purposes  of  manufacture,  agriculture,  or  mining, 
it  would  have  been  better  if,  instead  of  subtracting  from  the  amounts  given  for  1870,  we  had  a<lded  to  those  of  1880, 
or  to  both,  making  both  represent  thc'total  amount  of  power  used  for  all  purposes;  but  the  necessary  statistics 
■were  not  at  hand  at  the  time  of  writing  this  introduction,  and  probably  the  percentages  would  in  all  but  a  few  cases 
remain  approximately  the  same.  The  figures  given  have  reference,  therefore,  to  the  power  used  in  manufactures 
only,  as  classified  at  the  Census  of  1880. 

This  table  shows  that  the  steam-power  has  increased  within  the  decade  very  much  more  rapidly  than  the 
water-power,  the  proportion  of  water-power  in  the  entire  country  having  fallen  from  48.18  i^er  cent,  in  1870  to  35.93 
]>er  cent,  in  1880;  while  it  has  decreased  in  every  state  and  territory  with  the  exception  of  Arizona,  Dakota,  Idaho, 
Iowa,  Kansas,  Louisiana,  Montana,  and  Nebraska.  Therfe  has  also  been  a  decrease,  according  to  the.  tables,  in  the 
actual  amount  of  water-power  used  in  California,  the  District  of  Columbia,  Indiana,  Louisiana,  Maryland,  Michigan, 
ISTevada,  Ohio,  Pennsylvania,  Tennessee,  Virginia,  Washington,  and  West  Virginia;  but  as  these  figures  represent 
the  power  used  in  manufactures  only,  the  total  power  in  use  may  nevertheless  have  increased  in  these  states.  In 
every  case  there  has  been  an  increase  in  the  actual  amount  of  steam-power  used. 
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XIV 


WATER-POWER  OF  THE  UNITED  STATES. 


The  following  table  shows  the  percentage  of  the  total  amount  of  steam-  and  water-power,  of  the  total  amount 
of  water-power,  and  of  the  total  amount  of  steam-power  for  each  state  and  territory ;  also  the  rank  of  each  state 
and  territory  in  regard  to  amount  of  power  used : 


state  or  territory. 


Eank 
in  total 
power 


Alabama... 
Arizona  ... 
Aikansas . 
California. 
Colorado... 


Connecticut 

Dakota 

Delaware 

District  of  Columbia. 
Florida 


Georgia. 

Idaho 

niinois  . 
Indiana . 
Iowa 


Kansas 

Kentucky  . 
Louisiana . . 
Maine  ..... 
Mai'yland  . 


Mansacbusetts. 

Michigan 

Minnesota 

Mississippi 


Percent- 
age of 

the  total 
steam- 

and 
water, 
power. 


0.81 
0.02 
0.46 
0.97 
0.17 

3.47 
0.07 
0.45 
0.09 
0.21 

1.50 
0.05 
4.23 
3.86 
1.69 

0.62 
1.61 
0.33 
2.95 
1.50 

9.08 
4.83 
1.58 
0.54 


Hank 


water- 
power. 


Percent- 
age of 

the  total 
water- 
power. 


0.96 
0.01 
0.17 
0.40 
0.15 

4.99 
0.07 
0.39 
0.07 
0.08 

2.45 
0.09 
i:42 
1.78 
1.66 

0.62 
0.74 
0.01 
6.51 
1.47 

11.29 

2.81 
2.34 
0.28 


Bank 

in 
steam- 
power. 


Percent- 
age of 

the  total 
steam- 
power. 


0.72 
0.02 
0.63 
1.28 
0.18 

2.61 
0.07 
0.49 
0.10 
0.28 

0.97 
0.02 
5.80 
5.03 
1.55 

0.62 
2.10 
-0.52 
0.95 
1.52 

7.84 
5.96 
1.15 
0.69 


State  or  territory. 


Bank 
in  total 
power. 


Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire. 


New  Jersey 

New  Mexico 

NewTork 

North  Carolina . 
Ohio 


Oregon  

Pennsylvania . . 
Rhode  Island . . 
South  Carolina. 
Tennessee 


Texas 

Utah 

Vermont 

Virginia 

Washington . 


West  Virginia . 

Wisconsin 

Wyoming 


24 


45 


Percent- 
age of 

the  total 
steam- 

and 
water- 
power. 


2.37 
0.04 
0.25 
0.02 
2.57 

2.93 
0.04 
13.31 
1.3^ 
7.66 

0.40 
15.02 
1.86 
0.76 
1.52 

0.90 
0.14 
1.86 
1.68 
0.13 

1.11 
3.11 
0.02 


Bank 

in 
water- 
power. 


47 


Percent- 
age of 

the  total 
water- 
power. 


0.67 
0.08 
0.45 
0.01 
5.64 

2.21 
0.08 
17.90 
2.45 
3.15 

0.76 

g.oo 

1.81 
1.13 
1.51 

0.20 
0.29 
4.26 
3.06 
0.10 

0.77 
3.70 
(a) 


Bank 

in 
steam- 
power. 


Percent- 
age of 

the  total 
steam- 
power. 


3.32 
0.02 
0.14 
0.03 
0.85 

3.33 
0.02 

10.74 
0.69 

16.18 

0.20 
18.40 
1.80 
0.55 
1.53 

1.28 
0.05 
0.51 
0.90 
0.  15 

1.30 
2.78 
0.03 


u.  Less  than  0.004  of  1  per  cent. 

Prom  this  table  we  see  that  Pennsylvania  stands  first  in  the  total  amount  of  power  used  in  manufactures,  with 
15.02  per  cent,  of  the  total  for  the  United  States.  New  York  is  second,  with  13.31  per  cent.;  Massachusetts  third, 
with  9.08  per  cent.;  and  Ohio  fourth,  with  7.66  per  cent,  of  the  total.  In  the  amount  of  water-power  used,  New 
York  is  first,  with  17.90  per  cent. ;  Massachusetts  second,  with  11.29  per  cent.;  Pennsylvania  third,  with  9  percent.; 
and  Maine  fourth,  with  6.51  per  cent,  of  the  total.  For  steam-power  we  again  have  Pennsylvania  first,  with  18.40 
percent.;  New  York  second,  with  10.74  per  cent.;  Ohio  third,  with  10.18  percent.;  and  Massachusetts  fourth, 
with  7.84  per  cent,  of  the  total. 

It  is  interesting  to  compare  the  amount  of  power  used  in  each  state  and  territory  with  the  area  of  that  state 
or  territory.  For  this  purpose  the  following  table  has  been  computed.  In  it  the  area  of  each  state  and  territory 
is  given,  and  the  total  amount  of  water-  and  steam-power,  of  water-power,  and  of  steam-power,  per  square  mile,  with 
corresponding  rank  of  each  state  and  territory : 


state  or  territory. 


Alabama 

Arizona 

Arkansas 

California 

Colorado , 

Connecticut 

Dakota 

Delaware 

District  of  Columbia 
Florida 

Georgia 

Idaho 

Dlinois    

Indiana 

Iowa 

14 


Area. 


Square  miles. 

51,540 
112, 920 

53,  045 
155,  980 
103,  645 

4,845 

i47,  700 

1,960 

60 

54,240 

58,  980 
84,  290 
66,  000 
35, 910 
55,  47j 


Total  water-  and 

steam-power 
per  square  mile. 


Soree-power. 

0.64 
0.01 
0.30 
0.21 
0.06 

24.40 

0.02 

■  7.87 

52.38 

0.13 

0.87 
0.02 
.2.68 
Ji.67 
0.98 


Water-power 
per  square  mile. 


Horse-power. 

0.23 

(a) 

0.04 

0.03 

0.02 

12.63 
0.01 
2.44 

14.67 
0.02 

0.51 
0.01 
0.31 
0.61 
0.37 


steam-power 
per  square  mile. 


Horse-power. 

0.31 

(a) 

0.26 

0.18 

0.04 

11.77 
0.01 
5.43 

37.72 
0.11 

0.S6 
0.01 
2.27 
3.06 
0.61 


Bank  in 
total  po^er 

per 
square  mile. 


Rank  in 
water-power 

per 
square  mile. 


Bank  in 
steam-power 

per 
square  mile. 


28 
45 
30 
32 
38 

4 

40 

8 

2 

34 

25 
41 
12 
11 


ffl  Less  than  0.005  horse-power  per  square  mile. 
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state  or  tenltoiy. 


Kansas 

Kentucky 
Louisiana. 

Maine 

Maryland. 


Massachusetts  . 

Micliigan 

Minnesota 

Mississippi 

Missouri 


Montana 

Nebraska 

Nevada 

New  Hampshire . 
New  Jersey 


Area- 


New  Mexico — 

New  York 

North  Carolina . 

Ohio 

Oregon  


Pennsylvania... 
Bhode  Island  . . . 
South  Carolina  . 

Tennessee 

Texas 


Utah 

Vermont 

Virginia 

Washington . .  - 
West  Virginia. 


Wisconsin . 
Wyoming  . 


Square  miles. 
81, 700 
40, 000 
45,420 
20, 895 
9,860 

8,040 
67,430 
79,205 
46, 840 
68,  735 

145,  310 
76,185 

109, 740 
9,005 
7,455 


122, 460 

47,  620 

48,  580 

40,  700 

94,560 

44,985 

1,085 

30,170 

41,750 

262,290 

82, 190 

9,135 

40,125 

66,880 

24,645 

54,450 

97,575 

Total  water-  and 

steam-power 
per  square  mile. 


Horsepower. 

0.26 
1.37 
0,25 
8.86 
5.20 

38.63 
2.87 
0.68 
0.40 
1.17 

9.01 
0.11 
0.01 
9.74 
13.39 

0.01 
9.54 
0.93 
6.41 
0.14 

11.39 

58.59 

0.86 

1.24 

0.12 

0.06 
6.93 

1.42  ; 
0.07  I 
1.54 

1.95  ! 
0.01 


Water-power 
per  square  mile. 


Horse-power. 

0.09 

0.23 

(a) 

2.67 

1.83 

J  7. 21 
0.60 
0.36 
0.07 
0.12 

0.01 

0.07 

(a) 

7.68 

3.63 

0.01 
4.61 
0.62 
0.95 
0.10 

2.45 
20.50 
0.46 
0.44 
0.01 

0.04 
5.72 
0.93 
0.02 
0.38 

0.83 
(a) 


Steam-power 
per  square  mile. 


flbme-poMier. 

0.16 
1.15 
0.25 
0.69 
3.37 

21.32 
2.27 
0.32 
0.32 
1.06 

(a) 

0.04 

0.01 

2.06 

9.76 

(a) 

4.93 

0.31 

5.46 

0.05 

8.94 
38. 10 
0.40 
0.80 
0.11 

0.01 
1.21 
0.49 
0.05 
1.15 

1.12 
0.01 


Bank  in 
total  power 

per 
square  mile. 


Bank  in 
water-power 

per 
square  mile. 


42 
7 
16 
13 
29 

10 
1 
20 
21 
43 

34 
6 

14 
38 
22 

15 
47 


Bank  In 
steam-power 

per 
square  mile. 


33 
16 
31 
21 
10 

3 

13 
26 
27 
10 

46 
39 
42 
14 
5 


29 
7 
36 

6 

1 

24 

20 

35 

43 
15 
23 
37 
17 

18 
44 


a  Less  than  0.005  horse-power  per  square  mile. 

From  this  table  it  appears  that  New  York,  which  stands  first  in  the  total  amount  of  water-power  used,  stands 
eighth  in  rank  as  regards  water-power  per  square  mile,  showing  but  4.61  horse-power  per  square  mile,  while  Ehode 
Island,  which  stands  sixteenth  in  total  water-power,  stands  first  in  water-power  per  square  mile,  showing  20.50 
horse-power  per  square  mile.     The  close  agreement  of  the  figures  for  the  same  state  in  the  last  three  columns  is 

rather  remarkable. 

The  territory  of  the  United  States  may  be  divided  into  fi\'e  sections,  viz :  The  northern  Atlantic  states,  including 
all  those  along  the  Atlantic  coast  from  Maine  to  Pennsylvania  and  New  Jersey;  the  southern  Atlantic  states, 
including  all  those  along  the  coast  from  Delaware,  Maryland,  and  West  Virginia,  to  Georgia  and  Florida;  the 
northern  central,  or  middle  states,  including  the  remaining  states  north  of  Kentucky,  Arkansas,  Indian  territory, 
and  Texas,  and  east  of  Montana,  Wyoming,  Colorado,  and  New  Mexico;  the  southern  central,  or  middle  states, 
including  the  states  south  of  the  northern  boundary  of  Kentucky,  Arkansas,  Indian  territory,  and  Texas;  and  the 
western  states,  including  all  those  west  of  the  eastern  boundary  of  Montana,  Wyoming,  Colorado,  and  New  Mexico.(a) 

The  distribution  of  power  in  these  sections  is  shown  in  the  following  table : 


DiviBions. 

Total  steam- 
and  water- 
power. 

Water.power. 

Steam-power. 

TTnitfid  S^tates           

Horse-power. 
3, 410, 837 

Horse-power. 
1. 225,  379 

Horse-power. 

2,186,458 

"''    '                                                                  ] 

1,809,515 
294, 186 

1, 028,  680 

216,  520 

67,  936 

1 

779,  595    '          1,  029,  920 

145,568    ,              148,618 

228,  770    1              799,  910 

47,  444    [              163,  076 

24,002    i               43,934 

a  This  is  the  division  followed  in  the  report  of  Mr.  Hollerith,  from  which  the  following  tahlea 


are  taken. 
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In  the  following  table  are  given  the  percentage  of  the  total  water-  and  steam-power,  of  the  total  water-power, 
and  of  the  total  steam-power  used  in  each  of  these  five  divisions : 


Divisions. 

Percentage  of 

the  total 

waier-  and 

steam-power. 

Percentage  of 

the  total 
water-power. 

Percentage  of 

the  total 
steam-power. 

Northern  Atlantic...  ..  

53.05 
8.63 

30.16 
6.17 
1.99 

63.62 
11.88 
18.67 
3.87 
1.96 

47.13 
6.80 

36.60 
7.46 
2.01 

.  From  this  we  see  that  63.62  per  cent,  of  all  the  utilized  water-power  of  the  country,  or  nearly  two-thirds,  is  in 
the  northern  Atlantic  states,  while  the  northern  Atlantic  and  northern  central  states  together  include  about  four- 
fifths  of  this  total.  New  England  alone  reports  34.51  per  cent,  of  the  total  water-power,  while  all  the  Atlantic 
states  together  include  75.50  per  cent.,  or  nearly  three-fourths. 

The  relative  amounts  of  water-  and  steam-power  in  these  sections  of  the  country  are  shown  in  the  following  table : 


Divisions. 

Water-power. 

Steam-power. 

United  States 

Per  cent. 
36.93 

Fer  cent. 
64.07 

43.08 
49.48 
22.24 
22.64 
35.33 

66.92 
50.62 
77.76 
77.40 
64.67 

In  the  following  table  is  given  the  power  per  square  mile  in  each  of  these  divisions : 


Dmsions. 

Area  in 
square  miles. 

Average 

water-  aud 

steam-power 

per  square 

mile. 

Average 

water-power 

per  square 

mile. 

1 

Average 

steam-power 

per  square 

mile. 

a2, 900, 170 

Horse-power. 
1.18 

Horse-power. 
0.42 

Horse-power. 
0.75 

162, 065 

268,  620 

753,  650 

a  640,  385 

1, 175,  560 

11.16 
1.09 
1.36 
0.39 
0.06 

4.81 
0.54 
0.30 
0.09 
0.02 

6.35 

0.55 
1.06 
0.30 
0.04 

Southern  Atlantic 

a  Exclusive  of  Indian  and  unorganized  territory. 

It  is  interesting  to  study  the  distribution  of  water-power  amoug  the  more  important  industries,  and  the 
proportion  of  water-  and  steam-power  used  in  each.  The  following  table  shows  for  some  selected  industries  the 
total  amount  of  water-power,  the  percentage  which  this  total  forms  of  the  total  water-power  of  the  country ;  also  the 
percentage  of  water-  and  steam-power  in  the  total  power  used  in  each  industry : 


Industries. 


Agricultural  implements 

Boots  and  sho*  (factory) 

Cotton  goods  (a) 

Flouring-  and  grist-mill  products 

Fouudei-y  and  machine-shop  products  . 

Iron  and  steel 

Lumber,  sawed 

Paper 

Sashes,  doors,  and  hlinds 

Silk  and  silk  goods 

Woolen  goods 

Worsted  goods 


1S70. 


Total 
water- 
power. 


H.  P. 

10,  209 

167 

99,  073 

407,  950 


14,  631 
336,  728 
41,  644 
7,758 
789 
53, 906 
4,634 


Per  cent,  of 
total  water- 
power  of 
the  United 
states. 


0.90 

0.01 

8.76 

36.09 


1.29 
28.  90 
3.68 
0.69 
0.07 
4.68 
0.41 


Per  cent,  of  total  power 
in  industry. 


Water- 
power. 


39.14 
6.44 
67.84 
70.74 


9.72 
60.93 
78.25 


41.29 
62.17 
57.81 


Steam- 
power. 


60.86 
94.66 
32.10 
29.26 


90.28 
49.07 
21.75 


58.71 
37.83 
42.19 


1§80. 


Total 
water- 
power. 


Percent,  of 
total  water- 

X>ower  of 

the  ITnited 

States. 


H.  P. 

12,  645 

410 

148,  754 

469,  987 

16,  364 

10,  506 

278,  686 

87,  611 

6,505 

1,662 

53,  610 

6,302 


1.03 

0.03 

12.14 

38.36 

1.25 

1.35 

22.74 

7!  15 

0.63 

0.13 

4.38 

0.51 


Percent,  of  total  power 
in  industry. 


Water- 
power. 


28.27 
3.54 
63.99 
60.94 
16.34 
4.16 
33.  91 
70.70 
17.16 
17.73 
50.33 
38.  34 


Steam- 
power. 


Average 
total  power 
(steam  and 
water)  used 

Eer  estab- 
shment. 


71.73 
96.46 
46.  01 
39.06 
84.66 
95.84 
66.09 
29.30 
82.84 
82.27 
49.67 
61.66 


34.92 
15.62 

288.18 
31.79 
23.79 

508. 64 
32.01 

179. 06 
33.48 
44.72 
53.68 

216.  28 


Total 
nuigber  of 
establish- 
ments. 


1, 281 

741 

956 

24,  258 

4, 209 

781 

25, 680 

692 

1,132 

197 

1,984 

76 
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a  Including  both  specific  and  special  cotton-mills. 
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The  maps  aud  diagrams  accompanying  the  report  on  the  Statistics  of  Power  used  in  Manufactures,  by  Mr. 
Herman  Hollerith,  E.  M.,  Special  Agent  of. the  Tenth  Census,  inserted  in  the  volume  on  manufactures,  illustrate  the 
facts  shown  by  these  statistics. 

The  four  maps  illustrate  the  distribution  of  power  used  in  manufactures,  No.  1  being  for  the  total  power.  No. 
2  for  water-power,  and  Ko.  3  for  steam-power.  "In  the  compilation  of  these  maps,  the  county  was  taken  as  the 
unit,  the  average  amount  of  power  per  square  mile  was  computed  for  each  county,  and  that  county  ranked  from  I 
to  VI,  as  shown  in  the  legend  of  the  maps."  West  of  the  90th  meridian  the  amount  of  power  used  is  so  small  that 
that  region  was  not  included  in  the  maps.  The  fourth  map  shows  the  relative  importance  of  water-  and  steam- 
power  in  various  sections  of  the  country.  The  following  description  of  the  plates  is  reprinted  from  the  volume  on  the 
Manufa<itures  of  the  United  States  at  the  Tenth  Census: 

Plate  I  is  a  graphical  comparison  of  the  statistics  of  power  used  in  manufactures  as  returned  at  the  Tenth  Census,  with  similar 
statistics  as  returned  at  the  Ninth  Census.  The  plate  shows  the  relation  of  steam-  and  water-power,  and  the  distribution  of  the  total 
iimount  of  power  among  certain  leading  industries  in  1870  and  in  1880. 

Plate  II  shows  the  distribution  of  power  hy  states  and  territories,  and  the  relative  importance  of  steam-  and  water-power  in  each, 
as  returned  at  the  Census  of  1880. 

Plate  III  is  a  comparison  of  the  statistics  of  power  used  in  certain  leading  industries  as  returned  at  the  Census  of  1870  and  that 
of  1880. 

These  statistics  illustrate  very  clearly  some  points  regarding  the  commercial  availability  and  value  of  water- 
power  which  it  may  be  well  briefly  to  consider  here. 

In  comparing  water-power  with  steam-power,  the  most  striking  point  of  difference,  and  one  which  at  the  same 
time  constitutes  a  gi'eat  advantage  in  favor  of  the  latter,  is  the  fact  that  steam-power  is  mobile  and  may  be  used 
wherever  fuel  can  be  obtained,  independently  of  any  particular  location.  Mills  using  steam-power  may  therefore 
be  located  in  positions  most  favorable  for  economical  production  and  for  quick  disposal  of  the  finished  product. 
Convenient  facilities  for  transportation  constitute,  therefore,  a  most  important  factor  affecting  the  value  of  a  water- 
power,  and  many  powers  which  are  technically  all  that  could  be  desired  are  rendered  almost  valneless  by  the  lack 
of  this  essential  .element,  unless,  as  in  some  cases,  the  raw  material  is  produced  and  the  finished  product  disposed 
of  in  the  immediate  vicinity.  A  perusal  of  the  pages  of  this  report  will  show  that  generally  water-power  is  much 
cheaper  than  steam-power,  but  the  former  can  not  be  moved,  the  factory  must  be  brought  to  the  power,  and  unless 
the  means  of  approach  are  easy  it  will  nevertheless  be  located  elsewhere  and  run  by  steam.  It  is  not  possible  to 
illustrate  this  point  by  figures,  because  the  conditions  are  so  complicated,  and  because  steam-power,  as  well  as 
water-power,  is  largely  dependent  upon  means  of  transportation. 

Again,  where  fuel  is  cheap  the  value  of  water-power  is  correspondingly  lessened;  and  consequently  throughout 
the  coal  regions  of  this  country  there  is  not  only  an  excess  of  steam-  over  water-power,  but  the  amount  of  the 
latter  per  square  mile  is  much  smaller  than  would  otherwise  be  the  case. 

Further,  there  are  some  industries  for  which  water-power  is  better  adapted  tTian  steam-power,  either  on  account 
of  the  greater  cleanliness  connected  with  its  use,  or  because  the  manufacture  requires  the  use  of  large  quantities 
of  water,  so  that  such  mills,  even  were  they  to  use  steam-power,  would  perhaps  seek  a  location  on  the  banks  of 
some  stream.  Thus  the  table  on  page  xvi  shows  that,  of  the  industries  specified,  the  largest  proportion  of  water- 
power  is  found  in  the  case  of  paper-mills,  70.70  per  cent,  of  their  total  power  being  water-power.  These  mills 
require  large  quantities  of  clear  water  for  purposes  of  the  manufacture,  and  the  large  proportion  thus  finds  a 
simple  explanation.  Again,  of  the  total  power  used  in  flour-  and  gristmills,  60.94  per  cent,  is  water-power,  being 
a  larger  i)roportion  than  in  any  industry  except  the  one  just  referred  to.  This  finds  its  explanation  in  the  fact  that 
very  many  of  these  mills  are  small  and  for  local  use  only,  so  that  with  them  the  question  of  transportation  loses 
its  importance,  and  water-power,  on  account  of  its  cheapness,  is  preferred.  In  the  case  of  cotton-,  worsted-,  and 
woolen-mills,  which  use  considerable  quantities  of  water  for  washing,  the  proportion  of  water-power  is  still  above 
the  average  for  the  entire  country.  On  the  other  hand,  the  proportion  of  water-power  used  in  the  manufacture  of 
boots  and  shoes,  and  of  iron  and  steel,  is  insignificant.  In  the  former  case  this  is  explained  by  conditions  of 
location,  by  the  very  small  average  amount  of  power  per  establishment,  and  by  the  smaller  use  of  water  for  purposes 
of  manufacture.  In  the  case  of  iron  and  steel,  the  manufacture  is  not  dependent  upon  water  to  any  great  extent  j 
and  although  the  average  amount  of  power  per  establishment  is  large,  it  is  especially  questions  of  location  and  easy- 
transportation  which  render  the  proportion  of  water-power  so  small. 

It  is  interesting  to  compare  the  proportion  of  water-power  in  the  case  of  iron  and  steel  with  that  in  the  case 
of  foundery  and  machine-shop  products.  The  larger  proportion  in  the  latter  case  finds  its  explanation  in  the  local 
character  of  many  of  the  establishments,  and  their  dependence  to  a  smaller  extent  upon  location  and  convenient 
means  of  transportation. 

The  table  shows  that  the  industry  consuming  the  largest  amount  of  power  is  the  manufacture  of  flouring-  and 
grist-mill  products,  with  38.35  per  cent,  of  the  total  power  of  the  country.  Next  comes  lumber,  sawed,  with  22.74 
per  cent.,  and  then  cotton  goods  and  paper,  with  12.14  and  7.15  per  cent.,  respectively. 

In  the  special  reports  comprised  within  these  volumes  the  conditions  affecting  water-power  in  different  sections 
of  the  country  have  been  clearly  set  forth,  and  comparisons  have  been  drawn  between  the  streams  of  different 
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regions  as  regards  their  general  character  and  their  adaptability  for  utilization.  A  brief  glance  may  here  be  cast, 
however,  over  the  water-power  of  the  country  as  a  whole,  and  some  comparisons  made  which  will  perhaps  render 
more  clearly  apparent  the  differences  between  its  different  parts. 

As  regards  water-power,  the  principal  points  to  be  kept  in  view  in  considering  a  region  are  its  topography 
and  geology,  and  the  volume  of  its  streams.  Confining  our  attention  for  the  present  to  the  Atlantic  and  eastern 
Gulf  slopes  of  the  United  States,  we  have  to  consider  the  region  stretching  from  the  Atlantic  and  the  Gulf  westward 
or  northward  to  the  dividing-line  or  water-shed,  lying  somewhere  within  the  great  Appalachian  Mountain  system, 
and  separating  the  waters  flowing  directly  to  the  ocean  or  the  Gulf  from  those  flowing  west  or  north  to  the 
Mississippi  or  Saint  Lawrence  basins.  The  mountain  system  in  ^hich  this  water-shed  lies  reaches  in  Maine  a  height 
of  1,500  pr  2,000  feet,  with  one  peak  at  5,200  feet,  and  it  attains  in  New  Hampshire  its  northern  culminating  point 
in  the  White  mountains,  many  of  whose  peaks  rise  above  5,000  feet.  Descending,  as  we  follow  the  system  southward, 
it  reaches  its  lowest  point  in  New  Tork,  the  valley  of  the  Hudson  and  Mohawk  rivers  leading  to  the  lowest 
crossing  between  the  Atlantic  and  the  basin  of  the  great  lakes,  at  an  elevation  of  only  430  feet.  Continuing 
southward,  through  New  Jersey,  Pennsylvania,  and  Virginia,  the  Appalachian  system  again  increases  in  elevation, 
and  in  North  Carolina  it  attains  a  second  and  higher  culminating  point,  scores  of  peaks  towering  to  over  6,000  feet. 
From  this  point  southward,  through  South  Carolina,  Georgia,  and  Alabama,  the  system  falls  again,  and  gradually 
.  shades  off  into  the  comparatively  low  divide  between  the  waters  of  the  Gulf  and  those  flowing  into  the  Mississippi 
and  Tennessee  rivers.  This  great  system  of  mountains,  then,  itself  composed  in  great  part  of  a  series  of  nearly 
parallel  chains,  between  which  lie  narrow  and  parallel  valleys,  overlooks  on  one  side  the  great  Atlantic  plain 
extending  eastward  to  the  sea,  and  on  the  other  the  elevated  table-land  which  forms  its  base  on  the  west,  and 
which  falls  gradually  to  the  prairies  of  the  central  states.  This  western  plateau  has  a  comparatively  uniform  height 
of  about  1,000  feet,  while  that  of  the  base  of  the  mountains  on  the  east,  starting  almost  from  the  sea-level  at  the , 
mouth  of  the  Hudson,  rapidly  increases  both  toward  the  north  and  the  south,  rising  to  from  300  to  500  feet  in  New 
England,  to  from  100  to  300  feet  in  Pennsylvania,  500  in  southern  Virginia,  and  from  1,000  to  1,200  in  southern 
North  Carolina.  At  the  same  time,  the  width  of  the  Atlantic  plain,  from  the  base  of  the  mountains  to  the  sea, 
gradually  increases  north  and  south  from  almost  nothing  at  the  mouth  of  the  Hudson  to  about  50  miles  in  New 
England,  over  200  in  the  southern  Atlantic  states,  and  to  a  still  greater  width  along  the  Gulf.  The  water-shed  or 
divide  between  the  Atlantic  streams  and  those  to  the  west  and  north,  however,  which,  from  almost  the  extreme 
south  up  as  far  as  into  North  Carolina,  follows  the  extreme  eastern  ridge  or  chain  of  the  mountains,  bends  gradually 
to  the  west,  completely  crossing  the  system,  until  in  New  Tork  it  is  found  on  the  plateau- forming  its  western  base. 
Topographically,  then,  the  principal  distinction  to  be  drawn  on  the  Atlantic  slope  is  that  the  streams  south  of 
Virginia  take  their  rise  and  complete  their  course  entirely  on  the  eastern  flank  of  the  Alleghanies,  while  from 
North  Carolina  to  New  Tork  they  gradually  penetrate  fa;rther  and  farther  into  the  mountains,  until  the  sources  of 
the  Susquehanna,  Delaware,  and  Hudson  are  found  quite  on  the  other  side  of  the  system,  on  the  western  plateau, 
from  which  they  cut  through  the  entire  system  to  reach  the  sea.  In  New  England  the  mountains  are  more 
detached  and  isolated  than  in  the  south,  but  the  water-shed  line  runs  in  general  along  their  western  flank. 

The  Atlantic  plain  proper  may  be  divided  into  two  quite  distinct  portions  by  a  line  passing  through  Columbus 
and  Augusta,  Georgia,  and  running  northward  or  northeastward,  leaving  between  itself  and  the  coast  a  gradually 
narrowing  plain,  until  it  reaches  the  sea  at  the  mouth  of  the  Hudson,  whence  it  follows  the  coast  quite  through 
New  England.  Speaking  generally,  the  region  between  this  line  and  the  sea,  comprising  a  quite  level  section, 
narrowing  from  a  width  of,  nearly  150  miles  in  the  extreme,  south  to  almost  nothing  in  New  Tork,  is  of  recent 
geological  formation,  belonging  chiefly  to  the  Tertiary  and  post-Tertiary  periods;  while  the  entire  region  west  and 
north  of  this  line  is  geologically  older.    In  New  England  it  is  occupied  almost  entirely  by  metamorphic  rocks,  and 

south  of  Pennsylvania  these  predominate,  while  in  the  middle  states — New  Tork,  Pennsylvania,  and  Maryland the 

rocks  are  principally  of  more  recent  date.  To  this  last  region  belongs,  therefore,  almost  the  whole  of  New  England 
and  much  the  greater  portion  of  the  middle  states,»while  in  the  extreme  south  the  eastern  region  is  of  very  large  area. 
In  this  eastern  region,  which,  as  we  have  seen,  reaches  its  greatest  width  in  the  south,  the  rivers  are  tortuous  and 
sluggish,  running  through  swamps,  obstructed  by  sand-bars,  snags,  or  fallen  trees,  but  navigable  or  capable  of  being 
made  so.  The  natural  limit  of  navigation  is  in  fact  the  limit  of  the  eastern  region,  and  along  the  line  which  has  been 
described,  and  which  we  may  call  the  fall-line,  the  rivers  pour  down  generally  with  a  considerable  fall  in  a  short 
distance,  descending  from  the  more  elevated  region  west  or  north  of  the  fall-line  to  the  lower  eastern  region  or  to 
the  sea.  If  we  understand  by  middle  region  the  region  between  the  base  of  the  mountains  and  the  fall-line,  we  may 
briefly,  but  rather  elliptically,  describe  the  topography  of  the  Streams  by  saying  that  in  the  south  they  are  confined 
to  the  middle  and  eastern  regions,  the  mountain  region  being  small,  while  toward  the  north  they  drain  a  gradually 
increasing  mountain  region,  the  middle  and  eastern  regions  diminishing  until  in  New  Tork  and  New  England  there 
is  no  eastern  region  whatever. 

In  the  eastern  region  the  streams  are  evidently  of  no  value  for  water-power;  in  the  mountain  region  or  near 
their  sources  they  are  often  equally  valueless;  hence,  to  compare  their  slopes,  we  should  compare  only  those  portions 
principally  in  the  middle  and  western  regions,  where  the  economical  development  of  power  is  possible,  if  anywhere. 
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The  following  table  is  therefore  of  interest,  and  it  sliows  that  on  the  whole  the  slope  of  the  streams  is  pretty 
much  th«  same  from  the  Chattahoochoo  to  the  Merrimack.  Only  the  streams  of  Maine  and  the  Hudson  stanil 
prominent  with  a  remarkably  large  slope  iu  what  may  be  called  their  worldny  portions.  Thus  the  middle  and 
northern  streams  make  up,  by  a  greater  penetration  into  the  mountain  region,  for  the  smaller  elevation  of  the 
western  limit  of  the  Atlantic  plain  proper. 

Slope  of  the  principal  streams  floioiiig  into  the  Atlantic  and  the  eastern  Gulf. 
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325 
102.  C 
115 
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1,511 
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1,430 
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9.1 
8.4 
5.0 
4.0 
3,5 
6.3 
10.1 
3.0 
4.6 
2.8 
3.3 
4,5 
3.1 
5.5 
4.8 
4.5 
4.4 
G.8 
3.5 


In  New  England,  and  especially  in  Maine,  the  coast  is  abrupt,  and  the  water  deep  immediately  off  shore.  The 
harbors  in  this  region  are  consequently  excellent.  In  the  middle  and  southern  Atlantic  states  the  gradual  slope  of 
the  eastern  division  continues  beyond  the  coast,  and  deep  water  is  reached  only  at  some  distance.  The  harbors  are 
here  not  so  good  as  iu  New  England. 

The  predominance  of  the  metamorphic. rocks  iu  New  England  gives  rise  to  a  greater  number  of  concentrated 
falls  than  anywhere  else  on  the  Atlantic  slope.  In  the  southern  states  abrupt  falls  are  less  frequent,  although 
they  often  occur,  especially  on  the  smaller  streams;  but  the  falls  cf  the  large  rivers  are  for  the  most  part  in  the  shape 
of  long  shoals  or  rapids,  sometimes  extending  over  a  number  of  miles,  the  bed  being  gravel  or  bowlders.  In  the 
middle  states,  owing  partly  to  the  topography  and  partly  to  the  softer  character  of  the  rocks,  the  slopes  are  for  the 
most  part  gradual,  and  abrupt  falls  are,  as  a  rule,  rare.  An  inspection  of  the  table  on  pages  xxxiii  and  xxxiv  will 
reveal  this  fact  very  clearly.  In  this  respect,  then,  the  more  southern  streams,  and  especially  those  of  the  rqiddle 
states,  are  at  a  disadvantage,  particularly  as  their  width  at  these  shoals  is  often  very  large.  While,  therefore,  the 
table  on  pages  xxxiii  and  xxxiv  contains  mention  of  a  number  of  large  powers  on  these  streams,  the  expense  of 
utilizing  many  of  them  would  be  so  large  that  it  will  scarcely  be  attempted,  requiring,  as  it  would  in  many  cases, 
very  long  and  expensive  dams  and  long  canals.  Among  the  larger  streams,  the  Susquehanna  river  is  prominent 
by  reason  of  the  fact  that  it  offers  not  a  single  large  utilized  power,  and  very  little  power  economically  available, 
by  reason  of  its  uniform  slope  and  great  width. 

Considering,  now,  the  volume  of  water  carried  by  the  stream*  in  question,  it  is  clearly  "shown  in  this  volume 
that  as  we  proceed  southward  from  New  England  the  streams  become  in  general  more  variable  in  flow,  the  freshets 
more  violent,  and  the  low-season  flow  smaller.  These  results  are  due  to  three  principal  causes :  In  the  first  place, 
the  streams  south  of  the  Delaware  are  uot  regulated  in  flow  by  any  large  lakes,  such  as  are  so  abundant  in  New 
England.  In  fact,  south  of  the  Susquehanna  there  is  not  a  lake  in  the  region  considered,  except  one  or  two  near 
the  coast,  where  they  are  of  no  value  in  this  connection.  Moreover,  the  streams  are  not  regulated  by  artificial 
storage  reservoirs,  as  is  the  case  so  largely  in  New  England,  and,  in  fact,  the  topography  of  the  river  valleys  is  often 
such  as  to  preclude  any  very  extensive  works  of  this  nature.  The  result  of  this  is  that,  while  in  New  England  the 
ordinary  low- water  flow  of  many  of  the  smaller  streams  is  in  many  cases  doubled  or  even  trebled  by  supplies  drawn 
from  storage  reservoirs  alone,  this  is  not  the  case  south  of  the  Delaware  to  any  appreciable  extent.  In  the  second 
place  the  topography  of  the  drainage  basins  of  many  of  the  streams  in  the  middle  and  southern  states  explains  in 
a  measure  their  more  variable  flow.  In  the  third  place,  the  rainfall  in  New  England  and  in  parts  of  the  middle 
states  is  distributed  with  a  greater  quantity  in  summer  and  autumn  than  in  winter  and  spring,  thus  giving  an 
increased  supply  to  meet .  the  draughts  of  evaporation  in  the  summer  months,  while  in  the  states  south  of 
Pennsylvania  or  Maryland  the  reverse  is  true,  thus  tending  to  render  the  streams  more  variable. 
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The  southern  streams,  though  free  from  the  dangerous  ice-freshets  which  sometimes  occur  in  the  north,  are- 
nevertheless  subject  in  places  to  rises  far  exceeding  any  thing  on  record  in  New  England.  The  following  table- 
shows  the  maximum  recorded  rise  above  low  water  of  various  streams  on  the  Atlantic  coast,  and  indicates  to  a 
certain  extent  the  increasing  variability  toward  the  south;  but  it  must  be  observed  that  this  is  by  no  means  an 
accurate  criterion  from  which  to  judge  of  the  uniformity  of  flow  of  a  stream,  and  that  the  rise  depends  upon  so- 
many  circumstances — such  as  shape  of  the  valley  at  the  point  in  question,  slope  of  the  stream,  width,  etc. — ^^that 
no  certain  inferences  could  be  drawn  from  such  data,  and  that  of  two  streams  the  one  really  more  constant  in  flow 
might  reasonably  exhibit  a  larger  rise  in  freshets  at  a  certain  point  than  was  ever  reached  anywhere  on  the  other. 
Nevertheless,  the  liability  of  a  stream  to  excessive  rises  is  a  very  important  factor  in  determining  ifs  value  as  a 
source  of  power,  and  in  this  respect  the  advantage  must  be  conceded  to  the  streams  of  the  North.  The  reason  of 
the  large  rises  recorded  on  many  of  the  southern  rivers  is  probably  to  be  found  in  the  absence  of  lakes,  in  the  liability 
to  .sudden  and  excessive  falls  of  rain  upon  the  elevated  or  mountainous  regions,  which  discharge  it  at  once  into  the 
water -courses,  and  in  the  small  slope  of  the  eastern  or  navigable  portion  of  these  streams,  at  the  junction  of  which, 
with  the  middle  region  the  heaviest  rises  occur. 


Eiver  and  place. 

Maxinmm 
recorded  rise. 

Eiver  and  place. 

Maximnm 
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25  ± 
26.5 
29.8 
22.0 
28.5 
42.0 
11.4 
24.0 

28.9 
40-l-m 
50 
28.4 
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23 
44 
54 
42 
25.6 

Merrimack  at  Larwrence,  Massachusetts 

Connecticut  at  Hartford,  Connecticut 

Chattalioochee  at  ColumbTis,  Georgia     

Chattahoocliee,  at  Atlantic  and  West  Point  railroad . 

The  table  on  pages  xxviii  and  xxix,  containing  a  compilation  of  all  the  principal  data  regarding  flow  which  are- 
scattered  through  these  reports,  will  bear  still  stronger  evidence  to  the  fact  that  the  northern  streams  are  much 
more  uniform  in  flow  than  those  to -the  south.  As  regards  absolute  volume,  the  larger  streams  of  the  Atlantic 
slope  discharge  annually,  according  to  varying  conditions,  from  25  to  60  per  cent,  of  the  rainfall  over  their  basins,, 
which  itself  varies  in  different  localities  from  38  to  66  inches. 

Finally,  as  regards  the  question  of  accessibility,  the  streams  of  the  northern  and  middle  states  have  a  great 
advantage  in  this  respect,  being  generally  more  easy  of  access  by  rail  'than  the  streams  farther  south,  where  the 
topography  often  renders  the  location  of  a  railroad  most  favorable  along  the  divides ;  while,  as  regards  water 
communication,  the  close  proximity  in  the  North  of  the  lowest  falls  to  tide-water  and  to  the  coast  is  an  important 
advantage  in  comparison  with  the  long  stretch  of  tortuous  and  shifting  channel  which  in  the  South  separates  the 
fall-line  from  the  sea.  Thus  the  head  of  navigation  on  the  Alabama  river  is  over  300  miles  from  the  Gulf,  and 
other  southern  streams  have  even  longer  navigable  portions,  while  in  New  England  navigation  on  the  rivers  is  not 
carried  over  50  miles  from  the  coast,  and  rarely  that. 

Considering  all  these  circumstances,  it  must  be  allowed  that  on  the  Atlantic  slope  the  streams  of  New  England' 
are  in  all  respects  the  most  favorable  for  water-power;  and  of  the  New  England  streams  few  will  compare  with 
the  great  rivers  of  Maine.  One  can  not  read  the  list  of  splendid  powers  in  that  state,  many  still  lying  idle,  without 
becoming  convinced  that  her  water-power  is  unsurpassed.  Her  lakes,  many  of  them  lying  at  a  higher  elevation 
than  that  of  lake  Itasca,  the  source  of  the  Mississippi,  or  than  lake  Superior;  .her  rivers,  plunging  over  ledge  after 
ledge  of  unyielding  granite  in  their  short  courses  from  these  reservoirs  to  the  sea;  her  extensive  woods,  adding  their 
regulating  efi'ect  to  that  of  the  lakes;  and  her  navigable  bays  and  inlets,  reaching  to  the  last  great  leap  of  the 
rivers — all  these  constitute  an  array  of  favorable  circumstances  which,  in  spite  of  some  opposing  disadvantages,, 
would  be  diificult  to  equal. 

Crossing,  now,  the  Alleghanies,  and  considering  the  great  central  basin  of  the  continent,  many  of  the  streams, 
present  a  marked  contrast  to  those  which  have  just  been  considered.  Stretching  from  the  western  base  of  the 
Alleghanies  to  the  eastern  base  of  the  Eocky  mountains,  a  distance  of  frofli  1,200  to  1,500  miles,  this  immense 
region  descends  from  east  and  west  toward  the  Mississippi,  while  on  the  north  and  northeast  a  considerable  region 
finds  its  outlet  in  the  tributaries  of  the  great  lakes  and  the  Saint  Lawrence  and  of  Hudson's  bay. 

The  streams  flowing  into  lake  Ontario,  descending  within  a  short  distance  from  the  elevated  plateau  of  New 
York  and  Pennsylvania  to  the  comparatively  low-lying  lake,  have  a  rapid  fall,  and  ofl'er  many  slioals  and  rapids 
and  not  a  few  cataracts;  but  the  latter  are  not  so  numerous  as  would  be  expected,  owing  to  the  presence  throughout 
the  region  of  comparatively  soft  and  disintegrable  rocks.  Flowing  over  these,  the  streams  have  gradually 
obliterated  many  falls  which  once  existed,  until  they  now  flow  in  the  gorges  they  have  hollowed  out  for  themselves, 
while  the  falls  which  still  remain  are  gradually  receding  as  this  universal  leveling  tendency  continues.  The  divide 
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•or  water-shed  line  between  these  streams  and  those  flowing  directly  to  the  sea  rises  from  an  elevation  of  but  430 
feet  near  the  head-waters  of  the  Mohawk,  to  2,000  feet  or  more  in  some  parts  of  Pennsylvania  and  in  the  Adirondacks, 
and  the  average  slope  of  the  principal  streams  is  at  least  10  feet  per  mile.  The  rainfall  being  greatest  in  summer 
and  autumn,  and  there  being  numerous  lakes  in  the  region,  the  streams  are  as  a  rule  well  sustiiined,  and  will 
compare  favorably  as  regards  power  with  the  streams  of  the  Atlantic  slope  and  even  of  New  England. 

Mention  may  here  be  made  also  of,  the  Niagara,  the  mighty  stream  through  which  the  accumulated  waters  of 
the  enormous  system  of  the  great  lakes  seek  their  outlet,  and  which,  in  its  short  course  of  37  miles,  falls  through  a 
height  of  333  feet,  developing  the  enormous  total  of  over  6  million  horse-power,  or  more  than  five  times  the  total 
amount  of  water-power  in  use  in  the  United  States  in  1880.  The  precipice  over  which  the  principal  part  of  the 
descent  is  made  corresponds  to  that  which  occasions  falls  on  some  of  the  streams  to  the  east,  and,  like  them,  it  is 
gradually  receding  as  the  comparatively  soft  rocks  are  disintegrated.  This  mighty  power,  uurivaled  as  regards 
constancy  and  amount,  stands  apart  among  the  powers  of  the  country,  and  the  detailed  report  concerning  it  must 
be  i-ead  if  even  a  faint  conception  of  its  features  is  to  be  gained,  while  it  must  be  seen  to  be  fully  appreciated. 

Farther  to  the  west,  much  the  greater  part  of  the  country  east  of  the  Mississippi  is  drained  by  the  tributaries 
of  the  Ohio,  and  of  these  the  southern  tributaries,  and  also  the  two  head-waters,  the  Allegheny  and  Monongahela, 
are  very  different  in  character  from  the  northern  ones.  The  former,  descending  rapidly  from  the  elevated  plateau 
■or  the  great  valley  forming  the  base  of  the  mountains,  and  which  rises  from  an  elevation  of  1,500  feet  in  Pennsylvania 
to  2,600  feet  at  the  head-waters  of  the  New  river,  in  North  Carolina,  again  to  fall  to  1,000  feet  along  the  upper 
Tennessee — descending  from  this  elevated  region  very  rapidly  for  a  few  miles,  the  southern  tributaries  of  the  Ohio 
soon  reach  the  eastern  border  of  the  great  central  plain  which  stretches  with  a  small  and  almost  uniform  slope 
westward  to  the  Mississippi,  and  in  their  middle  and  lower  portions  they  flow  toward  the  west  and  north  with  a  very 
small  slope,  and  are  navigable  for  long  distances.  Thus  the  Ohio  itself  is  navigable  for  its  entire  length,  while  of 
its  head-waters,  the  Allegheny  is  navigable  for  small  steamers  during  about  half  the  year  to  a  point  123  miles  above 
Pittsburgh,  and  the  Monongahela  is  also  navigable  by  means  of  locks  and  dams  for  over  100  miles.  Similarly,  the 
"Cumberland  is  navigable  for  550  miles  during  several  months  of  the  yeiir,  the  Tennessee  for  453  miles,  barring  one 
^hoal,  and  the  Green  river  for  175  miles.  It  is  thus  evident  that  none  of  these  streams  offer  any  facilities  for  water- 
power  in  their  lower  portions.  Above  the  head  of  navigation  they  no  doubt  afford  a  large  amount  of  power,  but 
their  flow  is  so  variable  and  the  country  they  drain  is  so  wild,  inaccessible,  and  little  developed,  that  even  here  their 
power  is  of  no  value,  and  scarcely  any  of  it  is  utilized.  They  are  regulated  by  no  lakes,  and  the  country  they  drain 
is  steep  and  favorable  to  a  rapid  discharge  of  the  rainfall;  the  latter,  too,  is  distributed  in  a  way  unfavorable  to  a 
uniform  flow,  and  the  result  is  that  they  are  subject  to  heavy  fi'eshets  and  to  severe  droughts,  impairing  very  much 
the  value  of  whatever  power  they  possess.(a)  The  following  table  shows  the  slope  of  some  of  these  streams  on  their 
lower  portions: 

Slope  of  some  of  the  southern  tributaries  of  the  Ohio. 


Stream. 

From— 

To- 

Distance.  .        Fall. 

Slope  per 
mile. 

Bemarks. 

Mouth 

....do  

Milet. 
192 
175 
258 
231 
89 
131 
123 
255 

Feet. 
79 
60 
228 
310 
86 
200 
132 
725 

Feet. 
0.41 
0.34 
0.88 
1.34 
0.96 
1.53 
1.07 
2.84 

Kavigable  during  six  months  for  steamers  of  300  tons. 

Kavigahle  by  locks  and  dams. 

Mouth  of  Middle  Fork 

....do  

Navigable  by  locks  and  dams  for  95  miles  above  month. 

....do  

do 

Bnlltowii  West  Virginia..... 

....do  

Mouth  of  West  Fork 

...do  

Navigable  by  locks  and  dams  for  102  miles. 

....do  

Like  so  many  of  the  streams  in  the  middle  and  southern  Atlantic  states,  the  falls  in  these  streams  below  their 
extreme  head-waters  are  generally  in  the  shape  of  long  shoals.  Thus  the  fall  at  the  principal  shoals  on  the 
■Cumberland  is  55  feet  in  8  miles;  on  the  Tennessee,  164  feet  in  36.5  miles;  and  likewise  on  the  Allegheny,  11.23  feet 
in  6,900  feet.  As  an  example,  however,  of  the  rapidity  with  which  these  streams  descend  from  their  elevated  sources 
to  the  plateau  or  gentle  slope  in  which  their  subsequent  courses  lie,  Mr.  Porter  mentions  the  fact  that  the  Cheat 
river,  in  West  Virginia,  descends  2,400  feet  in  the  last  80  miles  of  its  course  to  the  Monongahela,  while  tlie  latter 
falls  but  75  feet  in  the  90  miles  from  the  mouth  of  the  Cheat  to  Pittsburgh. 

The  northern  tributaries  of  the  Ohio  are  somewhat  different  in  character.  The  divide  between  the  basin  of  the 
Ohio  and  that  of  the  great  lakes  lies  everywhere  at  a  comparatively  small  elevation,  from  which  the  streams  descend 
in  both  directions,  flowing  through  an  only  gently  undulating  country  and  with  comparatively  small  slopes.  To 
quote  from  Mr.  Porter's  report  on  these  tributaries  of  the  Ohio:  "They  are  already  largely  in  use  and  will  admit  of 
much  further  development.  The  powers  offered,  though  well  suited  to  the  demands  of  ordinary  manufacturing, 
are  not,  individually,  of  great  magnitude,  for  the  reason  that  the  fall  at  command  on  the  principal  streams  is  nowhere 


a  Thus  tht^  Little  Kanawha  is  said  to  have  risen  28  feot  within  24  hours. 
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very  large,  while  their  flow  is  on  a  rather  small  scale  relatively  to  the  extent  of  area  drained,  and  in  the  dry  season 
sinks  very  low;  so  that,  if  their  value  is  to  be  estimated  on  the  basis  of  permanently  reliable  power,  they  can  not 
take  :i  high  rank.  There  are  probably  no  privileges  on  the  northern  tributaries  of  the  Ohio  which  can  be  depended 
upon  nt  all  times  for  more  than  1,000  or  1,500  effective  horse-power,  and  even  such  are  of  unusual  occurrence." 

The  following  table  shows  the  slope  of  some  of  these  streams  in'their  lower  portions.  It  will  be  noticed  that 
the  slope  is  considerably  greater  than  that  of  the  southern  tributaries  of  the  Ohio  in  their  corresponding  portions, 
and,  in  fact,  these  northern  streams  are  in  almost  every  way  better  suited  for  the  development  of  power: 

Slope  of  some  of  the  northern  tributaries  of  the  Ohio. 


Streaai. 

From — 

To- 

Distance. 

Fall. 

Slope  per 
mile. 

ESmarks. 

Wabasli 

Mouth  of  Little  river 

Moutli 

...do.... 

MiUs. 
370 

77 
108 
110 
152 
210 

91 
151 

Feet. 
385 
298 
422 
225 
433 
933 
130 
367 

Feet. 
1.0 
3.9 
3.9 
2.0 
2.8 
4.4 
1.4 
2.4 

Xavigable  for  some  distance. 
Extensively  used  for  power. 

IS'ot  navigable. 

Navigable  by  loclss  and  dams. 

Do  ... 

....do  

Scioto 

Do 

ColQml>u.s 

...  do 

...do  

Do 

Extreme  source ■- 

...  do 

TWiistincrnm 

Dresden 

...do  

Do 

Moutli  of  Walbonding  river 

...do  

Plowing,  like  the  southern  tributaries,  over  a  region  of  recent  geological  age  as  compared  with  New  England 
and  other  parts  of  the  Atlantic  plain,  the  declivity  of  these  streams  is  uniform  and  the  bed  principally  gravel  and 
sand.  As  regards  their  flow,  the  proportion  of  the  rainfall  discharged  is  small  as  compared  with  that  in  New 
England,  Humphreys  and  Abbot  estimating  it  at  24  per  cent,  for  the  entire  Ohio  basin.  The  deep  soil,  the 
permeable  underlying  strata,  the  openness  of  the  country,  and  the  absence  of  lakes  and  swamps,  are  reasons  for 
this  fact.  And  not  only  this,  but  the  flow  of  the  streams  is  much  more  variable  from  month  to  month  than  in  the 
New  England  or  middle  Atlantic  states.  The  rainfall  throughout  almost  the  entire  Ohio  basin  is  generally  much 
less  in  autumn  than  in  any  other  season,  and  less  in  summer  and  autumn  than  in  winter  and  spring,  especially  in 
the  southern  portion  of  the  basin.  This  fact,  with  the  absence  of  lakes  and  the  character  of  the  country,  explains 
the  variable  discharge,  which  a  glance  at  the  table  qn  pages  xxviii  and  xxix  shows  to  exist.  Mr.  Porter  states  the 
principal  disadvantages  on  the  northern  tributaries  to  be  the  liability  to  extreme  low  water  in  summer  and  autumn  j 
the  heavy  freshets  and  ice-runs;  the  backwater,  which  often  lasts  for  a  considerable  period;  and  the  difficulty  of 
obtaining  rock  foundations.  The  power  is  principally  used  for  flouring-  and  grist-mills.  As  regards  accessibility, 
however,  these  streams  leave  nothing  to  be  desired. 
'    As  for  the  Ohio  itself,  its  fall  at  low  water  from  Pittsburgh  to  its  mouth  is  430  feet,  the  distance  being  967 

miles,  and  the  slope,  therefore,  0.44  foot  per  mile.    It  offers  but  one  opportunity  for  the  development  of  power at 

Louisville,  Kentucky — where  the  fall  at  low  water  is  26  feet  in  2  miles,  and  around  which  a  canal  is  constructed.^ 
The  theoretically  available  power  is  enormous,  but  practically  not  all  could  be  economically  developed. 

The  streams  flowing  into  lake  Erie  from  the  south,  and  those  draining  the  peninsula  of  Michigan,  resemble  in 
general  characteristics  the  northern  tributaries  of  the  Ohio.  They  offer  but  little  power  of  importance,  and  no  sites 
which  would  yield  over  1,000  gross  horse-power  throughout  the  year.  Their  slopes  are  uniform  and  generally 
small,  there  being  but  one  prominent  instance  in  all  this  region  of  a  large  concentrated  fall,  namely,  Cuyahoga 
falls,  in  eastern  Ohio,  where  the  river  of  the  same  name  descends  194  feet  in  2  miles.  The  small  quantity  of  water 
however,  renders  this  otherwise  excellent  site  of  limited  importance,  the  available  power  at  ordinary  low-water 
being  not  over  1,000  gross  horse-power.  The  largest  stream  in  all  this  region  is  the  Maumee  river,  draining  6,723. 
square  miles,  but  even  this  affords  no  power  of  over  500  horse-power. 

The  remarks  which  have  been  made  regarding  the  northern  tributaries  of  the  Ohio  will  also  apply  in  general  to 
the  smaller  eastern  tributaries  of  the  Mississippi;  but  toward  the  head- waters  of  that  river,  in  the  Northwest  an 
essentially  different  condition  of  things  exists.  It  may  be  said  that  between  the  Appalachian  and  the  Eocky  mountains, 
there  are  no  connected  mountain  ranges.  There  are,  however,  a  few  isolated  ranges,  and  of  these  some  are  found 
along  the  shores  of  lake  Superior.  Approaching,  then,  the  head-waters  of  the  Mississippi,  we  come  to  a  region  lying 
at  an  elevation  of  from  600  to  1,600  feet  above  tide,  and  comprising  some  rough  and  even  rugged  country  where  the 
slopes  of  the  streams  are  large,  and  where  their  courses  lie  over  beds  of  hard  metamorphic  rock.  The  most  striking 
feature  of  this  region,  however,  is  the  presence  of  great  numbers  of  lakes,  by  which  the  flow  of  the  streama 
is  regulated  to  a  large  extent,  although  the  lakes  are  shallow,  and  the  evaporation  from  many  of  them  is  quite  equal 
to  the  inflow.  Moreover,  throughout  this  region,  comprising  the  basins  of  the  western  tributaries  of  lake  Michigan 
that  of  lake  Superior,  of  the  upper  Mississippi,  and  part  of  that  of  the  Red  river  of  the  North,  the  rainfall  is- 
distributed  in  a  way  very  favorable  for  constancy  of  flow,  very  much  more,  falling  in  summer  than  in  any  other 
season.  The  absolute  amount  of  rainfall  is  small,  varying  from  35  inches  in  Michisrau  and  m-ound  lake  Superior  to 
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25  inches  ou  the  upper  Mississippi  and  Eed  rivers,  but  its  favorable  distribution  and  the  large  number  of  lakes 
(over  8,000  in  the  region  referred  to),  together  with  the  extensive  woods  in  some  portions  of  the  region,  and  the 
character  of  the  country,  which  generally  is  not  very  favorable  to  quick  drainage,  more  than  counterbalance  this 
disadvantage,  and  render  the  water-power  of  some  of  these  streams  even  comparable  with  that  of  N^ew  England. 

Perhaps  the  most  noticeable  stream  in  this  region  is  the  Lower  Fox  river,  the  outlet  of  lake  Winnebago,  which 
m  Its  course  of  37J  miles  from  the  lake  to  Green  Bay  falls  a  distance  of  170  feet,  afibrding  twelve  large  powers, 
with  an  aggregate  of  over  46,000  horse-power  at  ordinary  low  water,  of  which  but  a  small  fraction  is  utilized. 
This  stream,  as  regards  fall,  constancy,  and  general  facilities  for  power,  is  quite  ou  a  par  with  the  best  streams  ot 
New  England. 

Of  the  other  streams  flowing  into  lake  Michigan,  the  Milwaukee,  Sheboygan,  and  Manitowoc  on  the  south 
-»ave  slopes  of  about  8  feet  per  mile,  and  are  used  principally  for  flouring-  and  grist-mills.  Being  unregulated  by 
lakes,  their  flow  is  quite  variable.  Towa.rd  the  north,  in  the  region  of  metamorphic  rocks,  occupying  northern 
Wisconsin,  Michigan,  and  Minnesota,  the  streams  descend  more  rapidly,  but  are  iu  a  wild  and  inaccessible  country. 
The  Menominee,  flowing  southeast  into  lake  Michigan  from  the  range  of  hills  which  borders  lake  Superior  on  the 
south,  offers  an  immense  amount  of  power,  almost  entirely  undeveloped.  It  falls  970  feet  in  160  miles  from  its 
mouth,  descending  in  rapids  and  cataracts  over  ledges  of  upturned  rock;  but,  although  its  basin  is  heavily  clothed 
with  timber,  there  are  few  lakes  to  regulate  its  flow.  Along  the  southern  shore  of  lake  Superior  the  water-shed 
lies  at  an  elevation  of  from  600  to  1,050  feet  above  the  lake,  and  at  a  distance  from  it  of  about  30  miles;  and  the 
streams  draining  this  region  must  offer  large  amounts  of  power  entirely  undeveloped.  The  western  and  northern 
tributaries  of  the  lake,  however,  have  especially  large  falls,  for  on  the  north  shore  the  water-shed  is  1,000  feet  or 
more  above  the  lake  and  but  8  or  9  miles  distant.  The  rock  in  this  region  is  igneous  and  very  hard,  and  the 
streams,  though  generally  very  short  and  carrying  but  small  quantities  of  water,  descend  with  plunge  after  plunge 
till  they  reach  the  lake.  The  Saint  Louis  river,  which  enters  the  lake  at  its  western  extremity,  and  drains  over 
3,000  square  miles,  merits  particular  mention  on  account  of  its  descent  of  456  feet  in  the  last  11  miles  of  its  course, 
giving  rise  to  one  of  the  most  magnificent  powers  in  the  West,  the  available  horse-power  at  ordinary  low  water 
being  estimated  by  Mr.  Greenleaf  at  nearly  59,000  horse-power.  The  rainfall  over  the  region  draining  into  lake 
Superior  is  from  30  to  35  inches,  favorably  distributed;  and  although  there  are  few  lakes  on  the  basin  of  the  Saint 
Louis  river,  Mr.  Greenleaf  estimates  its  ordinary  low-water  flow  at  0.4  cubic  foot  per  second  per  square  mile,  a 
flow  which  would  do  credit  to  many  a  New  England  stream. 

To  th^  west  of  the  Mississippi  the'Eed  river  of  the  North  is  a  curiously  different  stream.  Flowing  northward 
from  about  the  latitude  of  central  Minnesota,  the  main  stream  is  entirely  a  prairie  stream,  its  course  lying  in  a 
wide  and  nearly  level  valley,  and  its  fall  from  Breckenridge  to  the  national  boundary,  a  distance  of  394  miles,  being 
but  1G5  feet,  or  an  average  of  only  0.418  foot  to  the  mile.  There  is  much  drift  over  all  this  region,  and  along  this 
part  of  the  river's  course  no  rock  is  found  in  place.  The  bed  is  nothing  but  gravel  and  sand,  and  the  declivity 
very  uniform,  the  heaviest  slope  being  at  the  rate  of  1.6  foot  per  mile  for  a  distance  of  nearly  3  miles.  Above 
Breckenridge  the  stream  descends  from  the  hill  country  of  central  Minnesota,  and  its  fall  from  Otter  Tail  lake  to 
Breckenridge,  a  distance  of  34  miles,  is  at  the  rate  of  nearly  11  feet  per  mile.  From  this  hill  country,  which  is  at 
the  s;ime  time  dotted  with  lakes,  come  the  eastern  tributaries  of  the  stream,  upon  which,  as  well  as  upon  the  maia 
stream  above  Breckenridge,  lies  all  the  available  power  in  the  basin.  Over  this  hill  region  the  rainfall  is  about  25 
inches,  favorably  distributed,  and  this,  in  connection  with  the  numerous  lakes,  renders  the  flow  of  the  streams  so 
uniform  that  at  Fergus  Falls  on  the  main  river  a  rise  of  4  feet  is  not  often  exceeded.  The  western  tributaries  of  the 
rivei-,  however,  drain  a  prairie  region  where  there  are  very  few  lakes,  and  where  the  rainfall  is  but  about  15  inches^ 
with  a  very  small  amount  in  the  autumn;  and  these  circumstances,  in  connection  with  the  open  character  of  the 
country,  the  large  evaporation,  and  the  small  fall  of  the  streams,  renders  their  flow  very  variable  and  their  water- 
power  of  no  value.  The  Red  river  thus  possesses  the  curious  characteristic  that  at  the  national  boundary,  where 
it  drains  over  3,900  square  miles,  its  ordinarj'  low- water  flow  is  about  0.07  cubic  foot  per  second  per  square  mile,  while 
at  Breckenridge,  where  its  drainage  area  measures  only  about  4,747  square  miles,  the  ordinary  low-water  flow  per 
square  mile  is  0.217  cubic  foot  per  second.  And  while  at  the  latter  point  its  flow  is  remarkably  uniform,  in  its 
lowHT  course,  on  account  of  its  altered  character  and  its  small  declivity,  as  well  as  owing  to  climatic  conditions, 
it  is  visited  by  tremendous  floods. 

While  the  slope  northward  into  lake  Superior  is  rapid,  the  slope  southward  into  the  upper  Mississippi  is  much 
more  gradual.  Nevertheless,  the  upper  Mississippi  and  its  tributaries  -afford  more  power  than  is  to  be  found 
anywhere  lower  down  in  its  basin.  From  the  extreme  sources  of  the  river  to  Saint  Paul,  a  distance  of  about  500 
miles  by  the  river,  the  fall  is  about  1,000  feet,  and  some  important  powers  exist,  while  at  Minneapolis  is  found  one  of 
the  grandest  powers  in  the  Northwest,  the  minimum  theoretical  power,  during  24  hours,  being  stated  at  25,000 
horse-power.  The  large  number  of  lakes,  the  favorable  distribution  of  the  rainfall,- and  the  topography  of  the 
country,  render  the  flow  well  sustained  throughout  the  year,  while  the  rocky  character  of  the  streams  in  many 
places  affords  good  facilities  for  utilization.  Below  Saint  Paul  the  main  river  offers  but  one  power,  and  is  for  fhe 
most  part  a  navigable  stream,  the  great  highway  of  the  central  basin  of  the  continent. 
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The  western  tributaries  of  the  Mississippi  are  for  the  most  part  prairie  streams,  and  different  in  character  from 
any  hitherto  considered.  From  the  eastern  base  of  the  Eocky  mountains— the  elevated  plateau  of  Montana, 
Wyoming,  and  Colorado— these  prairies  extend  in  an  unbroken  expanse  eastward  to  the  Missouri,  rising  again  to  the 
comparatively  low  divide  separating  that  river  from  the  Mississippi;  while  more  to  the  south  their  hitherto  unbroken 
monotony  is  varied  by  the  range  of  the  Ozark  mountains,  among  which  rise  several  of  the  lower  tributaries  of  the 
Mississippi.  The  slope  of  the  prairies  is  comparatively  uniform,  and  varies  from  about  2  to  5  feet  per  mile;  they 
are  almost  entirely  without  woods,  but  covered  with  a  rich  growth  of  grass.  Their  surface  is  rolling  and  sometimes 
hilly,  and  the  streams  flow  in  shallow  basins,  with  low  divides  on  either  side.  Geologically  the  country  is  ot 
recent  formation,  and,  although  in  some  portions  limestone  and  sandstone  appear  at  thie  surface,  by  far  the  greater 
portion  of  the  area  is  covered  with  a  deposit  of  drift  or  loess.  Below  these  lie  the  harder  rocks,  but  the  rivers  have 
not  cut  their  way  down  to  them,  and  invariably  flow  in  beds  of  mud,  sand,  quicksand,  or  gravel,  with  very  uniform 
slopes  and  scarcely  any  rapids.  There  are  thus  no  falls  whatever  on  the  real  prairie  streams,  and  the  character  of  the 
bed  and  banks  is  very  unfavorable  for  the  development  of  power.  There  are,  moreover,  no  lakes  of  importance  in  the 
region,  and  no  advantages  for  artificial  storage.  Lying  in  the  center  of  a  great  continent,  the  winds  which  reach  this 
region  have  been  almost  drained  of  their  moisture  before  reaching  even  its  outer  confines,  and  from  40.7  inches  at 
Saint  Louis,  the  mean  annual  rainfall  diminishes  as  we  proceed  westward,  until  at  Port  Bridger,  in  Wyoming,  it  is 
but  8.4  inches,  while  it  is  less  than  20  inches  at  most  points  west  of  the  99th  meridiau.  The  rainfall  in  spring  and 
summer  is  much  greater  than  in  autumn  and  winter,  and  the  streams  lose  much  by  the  excessive  evaporation  which 
takes  place  throughout  the  region.  Thus,  while  in  New  England  there  are  probably  few  streams  which  do  not 
discharge  annually  from  30  to  50  per  cent,  of  the  rainfall  which  falls  upon  their  basins,  Humphreys  and  Abbot 
give  a  ratio  of  but  15  per  cent,  for  the  entire  basin  of  the  Missouri  river.  Although  the  rainfall  is  distributed  in  a 
measure  favorable  for  a  constant  flow,  yet  the  fact  that  the  precipitation  during  the  winter  is  almost  entirely  in 
the  form  of  snow,  which  remains  long  upon  the  ground  and  is  thus  of  little  value  to  the  streams,  has  the  effect  of 
carrying  the  streams  very  low  during  the  late  autumn  and  winter.  Moreover,  the  pervious  character  of  the  soil,  and 
the  circumstance  that  the  streams  have  not  cut  down  to  an  impervious  stratum,  prevents  much  of  the  water  which 
falls  as  rain  from  reaching  the  streams  at  all.  In  fact,  during  the  dry  season  many  streams  dry  up  entirely,  or  are 
converted  into  a  series  of  sluggish  pools,  while  beneath,  in  the  deep  pervious  subsoil,  there  may  be  a  considerable 
percolation  or  seepage.  The  consequence  is  that  the  prairie  streams,  when  at  their  lowest,  discharge  a  remarkably 
small  quantity  of  water  in  proportion  to  the  extent  of  area  drained.  Thus,  while  the  discharge  of  large  streams 
on  the  Atlantic  coast  rarely  falls  below  0.2  cubic  foot  per  second  per  square  mile,  even  the  largest  prairie  streams 
fall  as  low  as  from  0.05  to  0.10  at  some  time  of  the  year;  and  even  the  Missouri  river,  draining  over  500,000  square 
miles,  has  been  known  to  offer  as  low  a  ratio  as  0.05  or  less. 

The  slope  of  many  of  these  streams  is  quite  rapid,  as  the  table  on  page  xxv  shows,  and  owing  to  their  generally 
considerable  width  they  are  not  subject  to  extremely  great  rises  in  freshets,  although  rises  of  30  and  even  of  40  feet 
Lave  been  known  in  some  places. 

The  streams  to  which  this  description  partisularly  applies  comprise  the  Missouri  and  its  tributaries,  especially 
those  from  the  west,  draining  the  greater  part  of  Dakota,  Montana,  Wyoming,  Nebraska,  Colorado,  and  Kansas, 
as  well  as  Indian  territory,  drained  by  the  Arkansas  and  Eed  rivers.  In  the  mountainous  parts  of  this  region  the 
streams,  of  course,  have  very  steep  slopes,  and  the  bed  is  often  rock;  but 'they  are  still  very  variable  in  flow,  and 
their  principal  use  is  for  irrigation,  after  supplying  the  demands  of  which  there  is  often  little  water  remaining  to  be 
devoted  to  power.  Those  streams  which  flow  in  deep  canons,  like  some  of  those  in  Colorado,  are,  moreover, 
topographically  unfitted  for  its  development. 

The  power  utilized  on  all  these  streams  is  insignificant  in  amount,  and  is  principially  used  for  flouring-  and 
grist-mills.  When  the  slope  of  the  stream  is  sufficient,  power  may  be  equally  well  developed  almost  anywhere, 
there  being  no  rapids.  The  dams,  on  account  of  the  yielding  character  of  the  bed,  are  necessarily  of  brush  in  a 
great  many  cases. 

Eegarding  the  Missouri  itself,  it  is  navigable  at  some  periods  of  the  year  to  Fort  Benton,  in  Montana,  a  distance 
of  2,644  miles.  Thirty-five  miles  above  this  are  the  falls  of  the  Missouri,  where  the  stream  descends  161  feet  within 
a  distance  of  9  miles.    There  is  no  power,  however,  utilized  from  the  river. 

The  tributaries  of  the  Missouri  from  the  east,  draining  portions  of  Dakota,  Iowa,  and  Missouri,  resemble  in 
general  the  prairie  streams  from  the  west,  their  flow  being  quite  as  variable  and  their  slopes  even  smaller.  They 
flow  generally  over  the  loess  formation,  and  their  beds  are  generally  muddy  and  their  slopes  uniform.  In  southern 
Dakota,  on  the  Big  Sioux  river,  is  the  only  prominent  instance  of  a  sudden  fall  over  a  rock  ledge  to  be  found  in  the 
prairie  region. 

The  following  table  shows  the  slope  of  some  of  the  tributaries  of  the  Missouri,  to  which  are  added  for  comparison 
that  of  some  streams  in  the  Northwest.  It  shows  clearly  that,  so  far  as  concerns  fall,  these  prairie  streams  compare 
favorably,  in  many  cases,  with  streams  on  the  Atlantic  coast,  and  even  in  New  England;  it  is  the  absence  of 
concentrated  falls,  the  variable  flow,  the  shifting  bed,  auij  the  general  unfavorable  circumstances  which  render 
them  far  inferior  as  sources  of  power. 

24 


GENERAL  INTRODUCTION. 

Slope  of  some  tributaries  of  the  Missouri  river,  and  of  some  streams  in  the  Northwest, 


XXV 


stream. 


Missouri  river 

Dakota  river 

3ig  Sioux  river 

Xittle  Sioux  river 

Boyer  river 

^ishnabatona  river 

Nodaway  river 

Platto  river  of  Missouri . 

Grand  river 

Chariton  river 

Niobrara  river 

Platte  river , 

Mkborn  river 

Xoup  river 

North  Platte  river 

South  Platte  river 

IKansas  river 

JBig  Blue  river 

Kepublican  river 

Smol^y  Hill  river 

■Osage  river 

•Gasconade  river 


Milwaukee  river 

Sheboygan  river 

IManitowoc  river 

Xower  Fox  river 

Menominee  river , 

Eed  river  of  the  North  . . . 
Do 


Tributary  to  what. 


Mississippi  river  . 

Missouri  river 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

...  do  

...do  

Platte  river 

...do 

...do 

...do  

Missouri  river 

Kansas  river 

...do 

...do 

Missouri  river 

..do    


Lake  Michigan  . 

...do 

...do 

...do 

...do 

Hudson's  bay... 
...do 


From  what  state. 


Missouri . . 
Dakota  . . . 

...do 

Iowa 

...do 

Missouri . . 

...do 

...do 

...do 

...do 

Nebraska. 

...do 

...do 

....do 

...do 

...do 

Kansas    . . 

...do 

...do 

...do 

Missouri . . 
...do 


Wisconsin 

...do 

...  do 

...do 

...do 

Minnesota  a<id  Dakota 
...do  


From— 


Fort  Benton,  Montana 

N.  P.  R.  R.  crossing 

■Watertown,  Dakota 

Cherokee,  Iowa 

Near  Denison,  Iowa 

Near  Atlantic,  Iowa 

Near  Villisca,  Iowa 

Near  Conception,  Missouri  — 
Near  Gentry ville,  Missouri. . . 

Chariton,  Iowa 

Near  source  

North  Platte,  Nebraska 

Near  O'Neill,  Nebraska 

Head  of  Middle  Loup 

North  Park,  Colorado 

Denver,  Colorado 

Junction  of  forks 

Seward,  Nebraska 

"Western  boundary  of  Nebraska 

Wallace,  Nebraska 

Ottawa,  Kansas  

Indian  Ford,  Missoari 


Head- waters 

...do 

..do 

Lake  Winnebago 

Head.waters 

Otter  Tail  lake 

Breckenridge,  Minnesota . 


To— 


Mouth 

C.  andN.  W.  E.  E.  crossing. . 

Mouth 

Near  mouth 

Mouth 

...do 

Near  mouth 

...do 

Mouth 

Near  Keytesville,  Missouri. 

Mouth 

..  do 

Near  month 

..  do 

North  Platte 

Month . . . .' 

Near  mouth 

...do 

Mouth 

...do 

...do 

...do  


do  . 
.do. 
.do  . 
.do. 
.do  . 


Breckenridge,  Minnesota. 
National  boundary 


Distance. 

Fall. 

Miles. 

Feet. 

2,044 

2,464 

252 

157 

221 

639 

79 

101 

59 

148 

120 

230 

91 

160 

119 

321 

128 

181 

186 

403 

355+ 

3,829 

304 

1,890 

201 

858 

257 

1,796 

514 

4,836 

285 

2,454 

184 

330 

153 

384 

423 

2,630 

395 

2,275 

417 

358 

78 

108 

68 

500 

45 

360 

42 

350 

37i 

165 

160 

975 

34 

368 

394 

165 

Slope  per 
mile. 


Feet. 
0.93 
0.62 
2.89 
1.28 
2.51 
1.92 
1.76 
2.70 
1.41 
2.17 
10.78 
6.22 
4.27 
7.00 
9.41 
8.61 
L79 
2.51 
5.98 
5.76 
0.86 
L38 

7.58 
8.00 
8.33 
4.40 
6.09 
10.82 
0.42 


The  tributaries  of  the  Mississippi  from  eastern  Iowa  offer  a  marked  contrast  to  those  draining  the  western  slope. 
Not  only  is  their  fall  very  much  larger,  but  numerous  rock  exposures  occur  along  the  streams,  and  rapids  occasionally 
occur.  The  drift  deposits  are  thick  over  this  region,  while  the  loess  which  covers  so  much  of  the  western  slope  is 
almost  absent  here.  Moreover,  the  streams  are  well  sustained  during  the  low  season,  by  reason  of  the  numerous 
springs  issuing  from  the  drift  deposits,  while  farther  west  the  loess  is  entirely  lacking  in  springs.  The  rainfall  is 
Also  greater  here,  averaging  from  30  to  35  inches  for  the  year,  of  which  the  summer  yields  the  largest  quantity, 
Tvhile  spring  and  autumn  come  next,  and  are  nearly  equal,  whereas  farther  west  considerably  more  falls  in  spring 
than  in  autumn.  The  result  of  these  circumstances  is  a  much  more  uniform  flow  than  is  found  in  the  streams  farther 
west.  Mr.  Porter,  in  estimating  the  flow  of  these  streams,  assumes  the  low-water  flow  in  anordinarily  dry  year  as 
from  0.06  to  0.09  cubic  foot  per  second  per  square  mile,  while  for  the  streams  on  the  western  slope  he  takes  generally 
0.04  or  0.05,  though  sometimes  as  high  as  0.08,  and  for  the  prairie  streams  west  of  the  Missouri  he  uses  a  smaller 
ratio  stiU.  These  rivers  are  not  navigable,  and  much  power  is  utilized  upon  them,  although  a  large  amount  is  still 
.available.  Tlie  principal  use  of  the  power  is  for  flouring-  and  grist-mills.  There  are,  however,  no  individually 
large  powers  in  eastern  Iowa,  probably  none  which  will  yield  over  1,200  or  1,300  gross  horse-power  in  low  water  of 
ordinarily  dry  years.  The  general  slope  of  the  country  is  at  the  rate  of  about  4.5  fe  et  per  mile  toward  the  southeast, 
but  the  declivity  of  the  individual  streams  is  given  in  the  following  table: 

Slope  of  the  streams  of  eastern  Iowa. 


stream. 


Maquoketa  river 

Wapsipinicon  river. 

Iowa  river 

Cedar  river 

Skunk  river 

Des  Moines  river 


From— 


Manchester,  Iowa 

Independence,  Iowa 

Near  Iowa  Falls 

C  edar  Falls,  Iowa 

South  east  part  Hamilton  county, Iowa. 
Windom,  Minnesota 


To— 


Mouth 

...do 

...do 

Mouth  of  Iowa  river. 

Mouth 

....do 


Distance. 


Miles. 
87 
135 
215 
176 
203 
411 


Fall. 


Feet. 
333 
328 
485 
323 
551 
853 


Slope  per 
mile. 


Feet. 
3.83 
2.43 
2.26 
1.84 
2.71 
2.08 


But  little  need  be  said  regarding  the  remaining  tributaries  of  the  Mississippi  from  the  west.  Those  draining 
eastern  Missouri,  both  those  flowing  into  the  Mississippi  directly  and  those  joining  the  Missouri,  are  practically  of 
no  value  for  power.    In  their  lower  parts  they  are  sluggish  and  unsupplied  with  springs,  and  sometimes  run  entirely 
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dry.    Some  of  them  have  their  sources  in  the  comparatively  elevated  region  about  the  Ozark  range,  and  in  their 
upper  parts  are  well  sustained  in  flow,  and  fall  rapidly  over  rocky  beds,  but  the  powers  afforded  are  all  very  smalL 

The  basin  of  the  Arkansas  river  is  in  many  respects  similar  to  that  of  the  Missouri.  The  mountainous  portion, 
in  Colorado,  is  similar  to  that  of  the  Platte  river,  and  doubtless  power  could  be  obtained  there  if  it  were  wanted; 
but  the  streams  are  already  more  or  les?  devoted  to  purposes  of  irrigation,  and  will  probably  soon  be  further  used  in 
this  way,  so  that  the  subject  of  power  is  of  comparatively  small  importance.  In  the  prairie  region  the  streams  are 
very  variable,  being  lowest  in  winter,  and  running  dry  nearly  every  year.  Their  slopes  are  uniform,  their  beds 
gravel,  sand,  or  mud,  and  they  are  bordered  by  bottom-lands  often  several  miles  wide.  Even  the  Arkansas  runs 
almost  dry  at  times,  and  near  its  mouth,  where  its  drainage  area  is  160,000  square  miles,  its  ordinary  low- water 
discharge  is  but  0.019  cubic  foot  per  second  per  square  mile.  The  absence  of  facilities  for  storage,  and  the  fact  that 
more  rain  falls  in  summer  than  in  any  other  season,  while  the  precipitation  in  the  autumn  and  winter  is  very  small, 
together  with  the  topography  of  the  country,  suffice  to  explain  these  facts.  On  the  main  river  power  is  utilized  at 
only  two  or  three  places  and  in  but  small  amounts.  In  the  upper  120  miles  of  its  course,  the  river  is  a  mountain 
torrent,  and  its  slope  is  nearly  40  feet  per  mile.  Eastward  from  the  base  of  the  mountains  the  prairies  slope  at  the 
rate  of  about  8  feet  per  mile  for  500  or  600  miles,  and  the  declivity  of  the  stream  becomes  gradually  smaller  as  it 
nears  its  mouth,  where  it  is  at  the  rate  of  but  0.46  foot  per  mile  for  150  miles.  The  principal  utilization  of  power  in. 
the  basin  is  in  the  middle  country,  in  southeastern  Kansas,  where  the  streams  can  be  dammed  almost  anywhere. 

The  Bed  river,  the  last  important  tributary  of  the  Mississippi,  is  navigable  for  460  miles,  and  is  muddy  and 
sluggish  for  a  much  greater  distance.  Near  its  head-waters  it  flows  in  a  canon,  shut  in  by  sandstone  cliffs  rising 
almost  vertically  for  from  500  to  800  feet,  while  its  fall  is  rapid  over  a  sandy  bed.  Little  power  is  utilized  in  its- 
basin,  and  many  of  its  tributaries  from  Louisiana  and  Arkansas,  although  in  their  upper  parts  they  have  a  rapid 
fall  over  gravelly  beds,  go  almost  dry  in  the  low  season. 

The  following  tables  show  the  slope  of  some  of  the  lower  tributaries  of  the  Mississippi,  and  the  maximum, 
recorded  rise  in  freshets  of  some  streams  in  the  Mississippi  basin  and  the  Northwest: 

Slope  of  some  of  the  loicer  tributaries  of  the  Mississippi. 


EiTer. 

Tributary  to  what. 

From- 

To— 

Distance. 

Fall. 

Tall  per 
mile. 

M^rRmp(^  riv^^r 

Mississippi  river 

....do 

Head  spring 

Mouth 

Milee. 
172.5 
43a  0 
308.0 

155.0 
812.0 
642.0 
504.0 

1,  025.  0 

257.0 
590.0 

Feet. 

390.  5 
1,  006.  0 

170.0 

5,  287.  0 

4,  208.  0 

39&0 

1,  919.  0 

517.0 

1,333.0 
45a  0 

Feet. 
2  26 

do   

Do 

Eastern  boundary  Butler  county,  Mis- 
souri. 

do 

....do    

34  11 

Do      

....do      

5  18 

Do 

...do  

Mouth 

Ked 

...  do 

Missouri,  Kansas,  and  Texas  Eailroad 
crossing. 

Mouth 

5  19- 

Do 

...  do 

Missouii,  Kansas,  and  Texas  Eailroad 
crossing. 

0  50- 

White 

Arkansas  river 

do  . "- 

5.  IS 
0  77" 

Do 

Forsyth,  Missouri 

Month 

Maximum  recorded  rise  of  various  streams  of  the  Mississippi  basin  and  the  Northwest. 


Elver. 

Locality. 

Eise 

above  low 

water. 

Eiver. 

Locality. 

Eise 

above  lov- 

water. 

Ohio  river 

Mouth               

Feet. 
50 -t- 
64 
71 
35 
20 
6 
30 
20-23 
39 

Gasconade  river 

Feet. 
20-25 
25 
« 
33 
Tl 
16 
28 
40 
20 

Do  

Des  Moines  river 

Do 

Missouri  river 

Mouth   

Do 

Little  Eock  Arkansas 

Do 

Saint  Joseph,  Missouri 

Do 

Wichita,  Kansas 

Do 

Breckenridge,  Minnesota 

Do 

Do 

Eed  Lake  river 

Crookstown,  Minnesota 

The  water-power  of  the  region  west  of  the  Mississippi  tributaries  has  not  been  included  in  the  investigations 
of  which  the  results  are  now  presented,  and  little  can  here  be  said  regarding  it.  In  the  plateau  region  of  the 
Kocky  mountains— a  region  of  table-lauds  and  canons — there  is  probably  little  opportunity  for  the  development 
of  power,  while  in  the  Great  Basin  region,  which  follows  it  on  the  west,  there  are  few  living  streams.  On  the 
Pacific  coast  the  streams  descend  very  rapidly  from  the  Sierra  Nevada  and  the  Coast  ranges,  and  their  slope  is  very 
26 
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large.  Even  the  larger  streams  are  navigable  for  but  v.ery  short  distances.  The  rainfall,  however,  is  exceedingly 
variable  in  this  region,  frequently  not  a  drop  of  rain  falling  during  the  summer  in  some  parts  of  California,  while  the. 
average  summer  rainfall  over  the  greater  part  of  the  state  is  less  than  1  inch ;  although  farther  north,  in  Oregon  and 
Washington  territory,  summer  rains  and  thunder-showers  sometimes  occur.  The  result  of  this  is  that,  particularly 
in  California,  only  the  streams  which  head  far  up  in  the  Sierras  and  are  fed  during  the  summer  by  melting  snows 
and  perennial  springs,  are  sustained  during  the  summer  time.  The  streams  which  head  in  the  foot-hills  or  in  the 
Coast  range  of  California  are  mostly  dry  during  the  summer,  and  even  the  larger  streams,  heading  far  up  in  the 
mountains,  are  very  variable.  There  is  no  doubt,  however,  that  these  streams  offer  an  enormous  amount  of  power,, 
little  of  which  has  been  utilized. 

The  following  table  contains  a  summary  of  data  regarding  flow  of  streams,  compiled  from  the  data  presented 
in  these  reports.  It  serves  to  bring  out  very  clearly  the  difference  between  the  streams  in  different  parts  of  the 
country.  It  will  be  seen  that  of  the  large  Xew  England  streams  none  fall  as  low  in  discharge  as  0.2  cubic  foot 
per  second  per  square  mile;  while  the  Potomac,  larger  than  any  stream  in  New  England  in  point  of  area  drained^ 
falls  to  half  that  amount,  and  the  western  streams,  even  those  of  large  size,  fall  to  lower  figures  still : 
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WATER-POWER  OF  THE  UNITED  STATES. 


Summary  of  data 


1 

2 
3 
4 
5 
•6 
7 
8 
9 
10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
:20 
21 
2.2 
.23 
Si 
25 
26 
■21 
■28 
29 
-30 
31 
32 
33 
34 
35 
36 
:37 
38 
39 
40 
-41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
SI 
S2 
53 
54 
55 
56 
•57 
S8 
S9 
60 
61 
•62 
63 
64 
65 
66 


Stream. 


Merrimack  river 

Do 

Concord  river 

Hale'8  brook 

Sudbury  liver 

'Charles  river 

Connecticut  river 

Do 

Houaatonio  river 

Do 

Croton  river 

"West  branch  Croton  river . 

Hudson  river 

Mohawk  river 

Oswego  river 

Genesee  river 

Passaic  river 

Earitan  river 

Delaware  river 

Schuylkill  river 

Potomac  river 

Do 

Do 

Bock  creek 

Shenandoah  river 

James  river 

Neuse  river. 

Alabama  river 

Tallapoosa  river 

Allegheny  river 

Do 

Ohio  river 

French  creek 

Eanawha  river 

Greenbrier  river 

Scioto 

Lower  Fox  river 

Bed  river  of  tne  North 

Do 

Boiade  Sioux  river  .._ 

Mississippi  river 

Do 

Do 

Do 

Do 

Do 

"Wisconsin  river , 

Minnesota  river 

Do 

Do 

Do 

Illinois  river • 

Des  Moines  river 

Cedar  river 

Missouri  river 

Gasconade  river 

Kansas  river 

Big  Sioux  river 

Meramec  river 

Arkansas  river 

Do 

■White  river   

Do 

Ouachita  river 

Do 

Kiagara  river 


Locality. 


Lawrence,  Massachusetts 

Lowell,  Massachusetts  .  .* 

...do 

...do 

Framingham,  Massachusetts 

Newton  Upper  Falls,  Massachusetts  . 

Hanover,  New  Hampshire 

Hartford,  Connecticut 

Kent,  Connecticut 

Birmingham,  Connecticut 


Palmer  Falls,  New  York 

Cohoes,  New  York 

Oswego,  New  York 

Rochester,  New  York , 

Paterson,  New  Jersey  

Near  New  Brunswick,  New  Jersey. . 

Lambortville,  New  Jersey , 

Philadelphia,  Pennsylvania 

Cumberland,  Maryland ; 

Dam  No.  5,  Maryland 

Great  Falls,  Maryland , 

Hoyle's  Mill,  District  of  Columbia . . . 

Near  Port  Eepublic,  Tirginia , 

Bichmond,  Virginia 

Near  Ealeigh,  North  Carolina 

Near  Montgomery,  Alabama 

Fort  Decatur  Bluffs 

Koberts'  Bun  ripple,  Pennsylvania  . . 

Near  Pittsburgh,  Pennsylvania 

...do... 

Above  Meadvilln,  Pennsylvania 

Charleston  pool,  Virginia 

Mouth  of  Howard's  creek 

Columbus,  Ohio 

Foot  of  lake  "Winnebago 

Fergus  Falls,  Minnesota 


Breckenridge,  Minnesota 

Grand  Bapids,  Minnesota 

Aitkin,  Minnesota 

"Wabasha,  Minnesota 

Bock  Island,  Hllnois 

Canton,  Missouri 

Hannibal,  Missouri 

Portage,  "Wisconsin 

Foot  of  Big  Stone  lake,  Minnesota 

Above  Eedwood  river 

Judson,  Minnesota 

Mouth 

...do 

...do 

...do 

Saint  Charles,  Missouri 

Below  Vienna,  Missouri 

Topeka,  Kansas 

Mouth 

..  do 

Arkansas  City,  Kansas 

Mouth 

Sixty-seven  miles  below  Forsyth,  Missouri  . 

Mouth 

Camden,  Arkansas 

Monroe,  Louisiana 

Niagara  Falls,  New  York 


s 


National  boundary i  39,577 


Sq.  miles. 

4,599 

4,085 

361 

24 

78 

215 

3,316 

10,154 

758 

1,562 

339 

20.37 

2,650 

3,490 

5,013 

2,474 

813 

825 

6,820 

1,912 

920 

5,066 

11,476 

64.4 

770 

6,800 

1,000 

16,  650 

4,040 

6,020 

11, 100 

18, 732 

618 

8,900 

810 

1,686 

6,046 

1,613 


5,715 

55,876 

87,842 

133, 995 

137, 460 

8,200 

920 

8,540 

11, 940 

17,230 

29, 013 

14, 578 

7,715 

527, 000 

3,181 

56,354 

7,880 

3,914 

44,500 

160, 000 

5,511 

27, 925 

5,600 

16, 050 


MEAN  EAINFALL. 


In. 
10 
10 
11 
11 
11 
11 
10 
10 
12 
12 
12 
12 


8 
12 
12 
11 
12 
10 
11 
12 
11 
12 
12 
12 
Ui 
14 
10 
10 
10 
10 
12 
11 
10 

9 

6 

5 

5 

7 

7 

6i 

7 

7i 

n 

9 

6i 

6i 

6i 

6i 

m 

8i 
9» 
6± 
12 
8± 
6J 

Hi 


13i 

15 
17 


In. 
11 
11 
11 
11 
11 
11 
12 
12 
12 
12 
13 
13 
11 
10 
10 

9i 
14 
14 
13 
14 
12 
12 
13 
12 
13 
12 
14 
13i 
13i 
11 
12 
12 
144 
13 
12 
Hi 
12 
10 

8 

8 
12 
12 
12 
12 
12 
12 
12 
12 
11 
11 
11 
11 
13i 
13i 

6± 
11 

7± 
11 
12 

9 


In. 
13 
13 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
10 
10 

9i 

9 
12 
12 
H 
10 


10 

lOi 

lOi 

9 

9 

9 

9i 

9 

8 


7 

71 

8 

8 

9 

S 

5 

5 

5i 

9 

9 

8i 

4± 

8 

6± 

5i 


In. 

9 

9 

10 

10 

10 
10 

10 
10 
10 
10 
10 
10 

8 

8 

7 

7 
10 
10 

9 

9 

8 

8 

8 

8 

8 
10 
11 
15 
14i 
10 
10 
10 

9 
10 

9 

8i 

5 

3 

2 

3 

3 

8 

3 

31 

4 

4 

5 

3 

3 

3 

3 

8 

4 

a 

S± 

7 

3d: 

3 

7 
2 


In. 
43 
43 
44 
44> 
44 
44 
44 
44 
46 
46 
48 
48 
38 
37 
34i 
33i 
48 
48 
44 
45 
39 
42 
42 
42 
41 
43 
47 
S3i 
52i 
40 
41 
41 
43 
44 
40 
38 
35 
23 
18 
19 
28 


31i 

31i 

35 

2«i 

25i 

25i 

26 

39i 

35 

36 

19± 

38 

24± 

26 

38i 

17 


43i 
43i 
60 
64 


BXTKEMES  OF  FLOW. 


a* 


96,  000 

81,  000 

4,449 


3,228 


205,464 


25,380 
1,109 


!9"S 
3-2 


4,100 


17,913 


350, 000 


17,900 
92,772 
175, 000 
9,800+ 


118, 291 


430,000 


1,400 
1,275 
60 
3.25 
2.8 
44 
1,006 
5,208 
260 
500 
60 
0.33 


800-1,000 

1,153 

300 

195 

180 

2,000 

310 

25 

363 

1,063 

7.5 

128 

1,300 


2,070 

1,330 

2,271 

138 

1,100 

97 

25 

2,320 


2,800 

11 

217 

397 

1,156 

1,600 


15,000 

450 

2,000 


600 
675 


264 


1,153 


40 


423 
3,327 


36 


92 

175 


716 

256 

165 

1,307 


108 


29 


28 
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regarding  flow  of  streams. 


yd 
d  b  ^ 


S' 


0.30 

0.31 

0.17 

0.133 

0.036 

0.20 

0.303 

0.513 

0.34 

0.32 

0.178 

0.016 


0.  23-0.  28 
0.23 
0.12 
0.24 
0.22 
0.29 
0.16 
0.022 
0.078 
0.093 
0.114 
0.167 
0.191 


0.34 

0.12 

0.12 

0.22 

0.123 

0.12 

0.015 

0.38 


0.34 

0.012 

0.025 

0.033 

0.067 

0.055 


IS. 
IS 


2,800 


126 

12. 

1,210 


193 
3,  711- 
1,420 


2,500 
662  . 

2,800 
.50 


9    «    t4 

fcl" 

o 


0.60 
0.35 


0.16 
0.365 


Kemarks  and  authority. 


0.455 


0.193 
0.22- 
0.35 


1,743+ 
10,  000 
19,  000 
26,  000 
30,  000 


1,750 


0.028 

0.14 

0.035 


0.15 
0.015 


0.048 


3,000 


1,000 


0.413 
0.410 
0.070 
0.025 

0.27+ 

0.  305+ 

0.179 

0.216 

0.194 

0.218 


0.060 
0.090 
0.119 


0.18 
0.043 
0.025-0.027 
0.18 


0.019 


0. 1074 

0.063 

0.037 


Information  given  the  writer  for  tliis  report.    Also  Transactions  American  Society  Civil  Engineers,  1878,  p.  241 

Information  given  the  writer  for  this  report 

C.  Herschel.    Transactimis  American  Society  Civil  Engineers,  1878,  p.  241 

J.  P.  Fr/zell.    See  Proceedings  Ameri£an  Society  Civil  Engineers,  1879,  p.  110 

ITransactions  American  Society  Civil  Engineers,  1881 

Massachusetts  State  Board  of  Health,    Eeportfor  1876 

Professor  Robert  Fletoher 

T.G.Ellis.    Of  late-years  the  flow  has  been  much  lower 

H.  Loomis.    £eport  of  2f^ev)  Jorlc  Board  of  Public  Works,  1879 

Measurements  about  1867-1870 

J.  J.  E.  Uroes.    ^&  Proceedings  American  Society  Civil  Engineers,  1879,  p.  110 

Do 

Mr.  "Warren  Curtis  (estimated) 

D.  H.  Van  Auken 

Not  gauged.    Supreme  Court  decree  

Statements  regarding  power,  etc.;  not  a  gauging. 

J.  J.E.CroesandG.  W.  Howell 

Ashbel  Welch;  gauging 

Ashbel  Welch.    TraTisa^tions  ATnerican  Society  Civil  Engineers,  1881 , 

H.  P.  M.  Birkinbine .' 

"W.E,Hutton.    Transactions  American  Society  Civil  Engineers,  1881,  p.  242 

Do 

Do 

Do 

James  Herron.    Seventeenth  Beport  of  Boar  A  of  Public  Works  of  Virginia,  1832 

H.  D.  Whitcomb 

W,  C.  Kerr;  gauging 

Ganging  by  G.  B.  Ynille  at  a  stage  above  ordinary  low  water 

Ganging  at  mean  low  water 

Estimate  from  a  ganging,  by  Mr.  T.  P.  Boberts 

"Said  to  be  reached  at  times" .' 

Gangings,  in  1879,  by  J.  H.  Harlow.    See  Transactions  American  Soci^y  Civil  Engineers,  1881,  p.  238 

Ganging  many  years  ago 

W.  K.  Hatton.    See  Trantactiont  American  Society  Civii  Engineers,  1881,  p.  242 

Do 

Gauglngs  in  1823-'24 

Stated  by  United  States  Engineers.    Stream  is  regulated  by  a  large  lake 

Authority  not  given 

Do 

Do 

Gauging  at  0.4  foot  below  mean  low  water 

Gauging  at  0.2  foot  below  mean  low  water 

Volume  adopted  for  low- water  discharge  by  government  engineers ! 

Do 

Do 

Do 

United  States  Engineers 

Eeportof  Chief  of  Engineers,  1875,  Appendix  J,  p.  53 

Do 

Do 

Do 

Major  G.  J.  Lydecker,  United  States  Army 

Assumed  by  Mr.  Porter  in  this  volume 

Do 

Assumed  for  ordinary  extremes,  based  on  gangings 

Minimum  as  given  by  T.  J.  Johnson ;  ordinary  low  water  as  assumed  by  Mr.  Porter 

Minimum  during  an  extreme  drought ;  ordinary  low  water  as  assumed  by  Mr.  Porter 

Assumed  by  Mr.  Porter  in  this  report : 

Minim  um  as  estimated  by  Mr.  E.  Schmidt,  1680 ;  ordinary  low  water  as  taken  by  Mr.  Porter 

Measured  by  J.  D.  McKown 

Estimated  by  Major  Snter,  United  States  Army '• 

Measured  by  A.  Livermore 

Estimated  by  Major  Suter,  United  States  Army 

Estimated 

Gauging,  when  river  was  10  or  12  inches  above  low  water,  gave  Q.OSO  - 

Average  flow,  166,600  cubic  feet  per  second,  according  to  U.  S.  Engineers.    Principal  fluctuation  is  due  to  wind 


1 
2- 
3 
4 
5- 
6 
7 
8 
9' 

10 
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13 
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15 

16^ 

17 

18 

19 

20 
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27' 

28 

29' 
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31 
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35;- 

36 
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38 
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WATER-POWER  OF  THE  UNITED  STATES. 


The  following  tables  contain  a  summary  of  information  regarding  the  larger  developed  and  undeveloped  water- 
powers  of  the  country,  compiled  from  the  different  reports.  It  is  not  to  be  supposed,  however,  that  every  large 
power  has  been  included.  The  line  had  to  be  drawn  somewhere,  and  it  was  taken  at  about  2,000  horsepower,  but  it 
is  quite  possible  that  some  powers  have  been  omitted  which  are  in  many  respects  better  than  some  which  have 
been  included.  It  is  further  to  be  remarked  that  the  reports  on  tl^e  Mississippi  river  and  some  of  its  tributaries, 
not  having  been  sent  to  press  when  this  introduction  was  written,  were  not  accessible  to  the  writer,  and  the  tables, 
as  well  as  the  general  discussion,  are  in  so  far  incomi^lete.  ifevertheless  a  general  idea  will  be  obtained  from  the 
tables  regarding  the  larger  powers  of  the  country,  their  importance,  and  their  distribution.  The  table  of  developed 
powers  shows  that  New  England  possesses  at  least  ten  developed  powers  of  10,000  theoretical  horse-power  or  over 
during  working-hours  (although  they  are  not  all  at  present  so  developed  as  to  be  able  to  store  the  water  at  night),  at 
least  eighteen  of  over  3,000  horse-power  continuously,  and  at  about  twenty  of  over  2,000  horse-power  continuously. 
The  basin  of  lake  Ontario  contains  a  dozen  powers  of  large  size,  and  a  number  exist  in  the  middle  states;  but  in 
the  southern  Atlantic  and  Gulf  states  there  are  but  three,  all  of  them'large,  however.  West  of  the  Alleghanies 
there  is,  with  the  exception  of  the  comparatively  small  power  at  Lawrence,  Kansas,  not  a  single  large  developed 
power  except  in  the  Northwest.  In  the  table  of  undeveloped  power  a  large  number  of  powers  in  the  southern 
Atlantic  states  are  included;  but  the  remark  on  page  xix  must  here  be  recalled,  that  on  account  of  the  comparative 
absence  of  abrupt  falls  on  the  larger  streams  in  this  region  many  of  the  powers  so  enumerated  would  admit  of 
development  only  at  a  cost  which  would  in  many  cases  be  perhaps  almost  prohibitory.  It  is  again  noticeable, 
however,  that,  excepting  the  powers  in  the  IsTorthwest,  there  is  but  one  undeveloped  power  west  of  the  Alleghanies 
of  sufScient  importance  to  be  included  in  the  table. 

Large  developed  powers  of  the  United  States. 

[Noit:. — Abbreviations  in  last  column  bnt  one :  N.  E.,  report  on  eastern:  New  England;  1.  I.,  report  on  the  streams  tributary  to  Long  Island  sound ;  H.  K., 
-report  on  the  Hudson  Eiver  basin;  L.  0.,  report  on  the  streams  tributary  to  lake  Ontario;  M.  A.,  report  on  the  middle  Atlantic  water-shed;  8.  A.,  report  on  the 
■  southern  Atlantic  water-shed ;  E.  G.,  report  on  the  eastern  Gulf  slope ;  -N.  W.,  report  on  the  rivers  of  the  Northwest ;  M.  R.,  report  on  the  Missouri  River  baain; 
N.  B.,  report  on  the  streams  tributary  to  lakes  Huron  and  Erie,  and  on  the  Niagara  river.l 


Locality. 


stream. 


Massachusetta. 
f Lawrence Merrimack  river.. 


.'  Lowell . 


Holyoke 

■  Turner's  Falls . 


New  Sampahire. 
Ttf  anchester 


Hooksett 

•Garvin's  Falls  . 
J'isherville 


'Franklin. 


■Great  Falls. 


MaiTie. 
Biddeford  and  Saco. 


...do 

Connecticut  river 
...do 


Merrimack  river. . 


...do  

...  do  

Contoocook  river 


Winnipiseogee  riv- 
er. 

Salmon  Falls  river. 


Saco  river  . 


Brunswick Androscoggin  riv- 
er. 

30 


Length. 


Feet. 
900 


Average 
height. 


1,000 


550 
Several . 

Several 


375 
140 


Feet. 
32 

10  + 

33  + 

20  to  30 

n± 

3  to  4 
8 
Several . 

Several . 
21} 


Feet. 
'30 


Gross  or  theoretical 

horae-power 

available. 


14 


100 


140 


55 


40 


Minimum  is  ?L1,DOO 
during  working 
hours. 

Minimum  is  about 
11,845  during 

working  hours. 

24,000 


22,000. 


MiDlmum  la  about 
12,000  during 

working  hours. 


Minimum  probably 

at  least  1,800  con- 
tinuously. 

Minimum  probably 
at  least  3,000  con- 
tinuously. 

2 ,  50  0  0  on  tinuously 
In  low  season  of 
ordinarily  dry 
years. 

Minimum  about 
4, 000  continuously. 


1,700  continuously 
in  low  season  of 
ordinarily  dry 
years. 

9,000  continuously  in 
low  season  of  ordi- 
narily dry  years. 


Feet 
26  to  30 


33 


14 


100 


55 


40 


26  to  30 


Horse-power  utilized, 


Minimum  is  10,909 
gross. 

Minimum  is  about 
11,845  gross. 

12,260  effective 

horse-power       of 
wheels  in  use. 

4,320  effective  horse- 
power of  wheels 
in  use. 


Minimum  is  about 
12,000  gross  dur- 
ing woi-king  hours. 


Rated      power     of 
wheels  about  350. 


Kated      power     of 
wheels  about  1, 000. 


Hated      power     of 
wheels  about  2, 500. 

Rated      power     of 
wheels  about  2, 500. 


Rated      power 
wheels  4,600. 


of 


Rated  power  of 
wheels  1,500  to 
2,000. 


a  g 


N.  E. 
p.  25. 

N.E. 
p.  30. 

L.  L 
p.  51. 

L.  1. 
p.  56. 


N.E. 
p.  35. 


N.E. 
p.  38. 

N.E. 
p.  38. 

N.E. 
p.  47. 


N.E. 
p.  81. 

N.E. 
p.  66. 


N.E. 
p.  72. 


N.E. 
p.  79. 


Eemarks. 


Nearly  all  the  permanently  avail- 
able power  is  utilized. 

Do. 


Power  estimated  for  low  water 
of  ordinarily  dry  years,  daring 
24  hours. 

Do. 


Minimum  power  is  here  calcu- 
lated, assuming  a  slightly 
larger  minimum  flow  por 
square  mile  than  at  Lowell, 
and  allowing  for  its  use  during 
II  hours. 

A  fine  site. 


A  pulp-mill  being  erected  in  1882. 
Power  very  wastefuUy  used. 


Flow  controlled  partially  by  cor- 
porations at  Lowell  and  Law- 
rence. 

Full  power  of  wheels  can  not  be 
obtained  at  all  times. 


Do. 


A  Sne  site. 
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Locality. 


Lisbon  Falls,  i. 


Lewiston 

Livermore  Falls  . 

Jay  Bridge  Falls 

Angasta 

Waterville 

Kendall's  Mills  . . 

Skowhegan 

Connecticut. 
Windsor  Loots  . . 


Vermont. 
Bellows  Falls . 


New  York. 
Mechanicsville  . 

Glens  Falls 


Palmer  Falls- 
Coboes 


Scbaghticoke  . 


BigfaUs 

Tioonderoga . 

Carthage  — 


Black  Biver 

Watertown 

Eemington's  mill . 
Brownvjlle 


Oswego  — 
High  dam 


Stream. 


Androscoggin  riv- 
er. 

...do 

...do  


...do  

Kennebec  river. 

...do 

...do 

...do 


Length. 


Fnlton 

Oswego  Falls 

Outlet   of   Kenka 

lake. 
Eochsster 


IiOcfcDOTt Eriecanal 


Counectiont  river 


do  . 


Feet. 


Average 
height. 


950 
750 


Hudson  river . 
...da 


...do 

Mohawk  river  . . . 

Hoosac  river 


Batten  kill 

Ticonderoga  creek. 


Black  river  . 


.do  . 

.do. 
..do  . 
..do. 


Fed. 
10 


12 
7 


17 

7 


3+ 


Ch'oss  or  theoretical 

liorse-powcr 

available. 


Oawego  river  . 


.do  . 


.do. 
.do. 


600+ 

795 
400 

600 
1,400 

Several . 

265 
Several  . 

Several . 


Genesee  river. 


Several 


100 


363 


503 
413 


16 

5Jto6J 


Several . 

7  to  12 
Several . 

Several . 


Several 


Several . 
4ito6i 
17  to  18 
12 

13  to  14 

13i 
2  to  3 


Several 


Feet. 
33 

50 
14 

12 
17 
20 
22 
28+ 

33  . 


52  to  54.  5 

20 
42 

80 
104 

97J 

lOS 
220  to  230 


5, 300  continuously  in 
low  season  ofordi- 
narily  dry  years. 

11,900  during  II 
iioura,  minimum. 

3,000 


3,000.. 
3,  500 . 
3,000. 
3,000. 
3,600. 


17,  000. 


12,000. 


2,270. 
9,450. 

2,210. 

2,170. 


8,000+. 


16 


60  + 


17  ± 


15 

16 
15 

277 

263 


57 


6,  250 . 


14,550 . 
6,020.. 


2,070 . 


1,990. 


1,960 . 

2,050 . 
1,930 . 
5,980 . 

8,970 . 


2,590  to  3,238. 


Feet. 
13 

50 
29 

30 
17 
20 


20  to  28 


Horao-power  utilized. 


Rated     power      of 
wheels  about  400. 


About  11,000  gross 
or  theoretical. 


Very  small . 


..  do 

About  900  effective . 

About  2,000  effect- 
ive. 

Probably  small   . . . 
...do 


10 
42 

30 
104 

494 

106 
175 


12 


1,800  to  1,900  effect- 
ive. 


7, 040  effective  horse- 
power  of  wheels 
in  use. 


.a 

r 

N.E. 
p.  79. 

N.E. 
p.  80. 

N.E. 
p.  81. 

N.E. 
p.  81. 

N.E. 
p.  86. 

N.E. 
p.  87. 

N.E. 
p.  87. 

N.E. 
p.  87. 

L.I. 
p.  48. 

L.I. 
p.  58. 

Remarks. 


Total  power  in  use 
about  2,000  effect- 
ive horse-power. 


1,450  to  1,500  effect- 
ive horse-power. 

6,556  effective  horse- 
power in  use  in 
1880. 

About  600  effective 
horse-power  m 
use  in  1882. 


A  flue  site. 


Power  estimated  for  low  water 
oi'  ordinarity  dry  yeuFH  during 
24  hours. 

Do. 
Do. 
Do. 

Do. 
Do. 


Do But  a  small  portion 

of  the  estimated 
available  power  of 
the  river  is  practi- 
cally commanded 
by  present  works. 


17  ± 


15 

16, 
15  5 

63J 


Over  1,700  effective 
horse-power  of 
wheels  in  use. 

1 ,  120  effective  horse- 
power of  wheels 


265+  effective  horse- 
power of  wheels 
in  use. 

4,675  rated  effective 
horse-power  of 
wheels  in  use. 

900  rated  effective 
horse-power  of 
wheels  in  use. 

300+  effective  horse- 
power of  wheels 
m  use. 

2500  +  effective  horse 
power  of  wheels 
in  use. 

200  effective 


3,130+  effective...  i 

420  effective 

6,442  effective 

1, 400  ±  effective  . . . 


H.E. 
p.  10. 

H.E. 
p.  16. 


H.E. 
p.  17. 

H.E. 
p.  23. 

H.E. 
p.  34. 

H.E. 
p.  40. 

H.E. 
p.  63. 


L.O. 
p.  9. 


L.O. 
p.  11. 

L.O. 
p.  11. 

L.O. 
p.  16. 

L.O. 

p.  16. 

L.O. 
p.  24. 

L.O. 

p.  27. 

L.O. 
p.  28. 

L.O. 
p.  35. 

1.0. 

p.  48. 


L.O. 
p.  61. 


.Cein^  developed  in 
1883. 

.Supply  of  water  in- 
sufficient for  pres- 
ent needs  during 
several  months  of 
the    year. 


Do. 


Do. 


Do. 


Do  ...Being  developed   in 
1882. 

Power  crttimated  for  ordinary 
minimum,  during  24  hours. 
Fall  of  220  to  230  feet  occurs 
in  2^  miles. 

Power  estimated  for  low  water 
of  ordinarily  dry  veai-s,  night 
and  day.  Fall  of  55  feet  occurs 
in  about  4,600. 

Power  estimjited  for  low  water 
of  ordinarily  dry  years,  night 
and  day. 

Do Large     amount     of 

power  unemployed. 


do. 


do. 


Do. 


Do. 


Do. 


Power  estimated  as  the  average 
for  a  series  of  years. 

Power  estimated  for  low  water 
of  ordiuarily  drv  years,  night 
and  dii.v.  i'all  of  263  feet  oc- 
curs within  about  5  miles. 

400  to  500  cubic  feet  per  second 
assumed  as  available  for  power. 
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Locality. 


New  Jersey. 
Paterson 


Lambertville  . 


Trenton  . 


Virginia. 

Kichmon  d  and  Man- 
chester. 


Lyncbljurg 

At  15  dams  on  the 


PetersTjurg  , . . 

Georgia. 

Angnsta 


Stream. 


Colnmljns  . 


Alabama. 
Tallassee  Falls . . . 

Wisconein. 
Appleton 

Grand  Kankanna : 

Marinette 

Minnesota. 
Fergus  Falls  ..... 


Minneapolis     (St. 
Anthony's  Falls). 

KaTiaas. 

Lawrence 


Passaic  river  .  - . 
Delaware  river  . 


do._. 


James  river. 


.do. 

,do. 


Appomattoiriver. 
Savannah  river  . . 


Chattahoochee  riv- 
er. 


Tallapoosa  river . . 

Lower  Fox  river.. 
..  do 

Menominee  river 


Ked  river  of  the 
North. 

Mississippi  river. , 


Kansas  river  . 


Length. 


Feet. 


900: 


800  to 
1,000 


Several . 


Several . 


1,720 


Several . 


300 
(wing- 
dam). 


700 
450 
417 

613 


Several 


Several 


600 


Average 
height. 


Feet. 


2  to  3 


Several . 


Several . 


10.63 


Several 


6  to  IS 


16 
10 

10 


Several . 


Several  ■ 


Feet. 


18  ± 


22 
196 

110 


50 
(at  low 
water). 


84 

36 
50 
19 

40 
70 


Gross  or  theoretical 

horse-power 

available. 


2,150  ±. 
5,450... 


3,000  to  4,500 . 


16,800 . 


10  to  15 


84 


1,850 

A  total  of  16,650  . . . 

2,940 


13,635. 
34,080. 

10,880. 

10,200. 
14,182 . 


6,225.. 
25,000 . 


2,250. 


Feet. 


18 


16 
0 

78 


60 


32 


19 


50 


Horse-power  ntUized 


About  2,350  gross  or 
theoretical  horse- 
power. 

540  ±  effective 


500±efiective. 


0.3 

a  s 


M.A, 
p.  130, 

M.A. 
p.  95. 


M.A. 
p.  94. 


About  3, 800  effective  M.  A. 
p.  15. 


About  700  effective 
None 


About  1, 275  effective 


About  3,650  (effect- 
ive!). 


2, 100  ±  effective. 


About  900  effective  . 


Perhaps  3,800  effects 
ive. 


About  820  effective  . 


M.A. 
p.  20. 

M.A. 
p.  23. 

M.A. 
p.  24. 

S.A. 
p.  127. 

KG. 

p.  22. 


E.G. 
p.  8. 


N.W. 
p.  27. 

N.W. 
p.  38. 

N.W. 
p.  62. 

N.W. 
p.  87. 


Abont  300  effective . 


M.It. 
p.  57. 


Hemarhs. 


Power  estimated  ftfr  low  season 
of  ordinarily  dry  years,  night 
and  day.  * 

Power  estimated  for  entire  flow 
of  the  river  in  low  season  of 
ordinarily  dry  yearSf  night  and 
day.  Power  used  from  feeder 
of  Delaware  and  Baritan  canal. 
Fall  of  18  feetoccnrs  in  7  miles. 
Water  is  discharged  partly  to> 
river  and  partly  to  lower  level 
of  canal. 

Power  estimated  for  low  season 
of  ordinarily  dry  years,  night 
andday.  Canal  is  7  miles  long. 
Power  not  economically  de- 
veloped. 


Power  estimated  for  low  season 
of  ordinarily  dry  years,  night 
and  day.  Power  not  economi- 
cally utilized. 

Do. 

Power  estimated  for  low  season 
of  ordinarily  dry  years,  night 
and  day. 

Do. 


Do. 


Do Fall  of  120  feet  occurs 

within   5  miles  of 
navigable  waters. 


Do Probably  not  the  en- 
tire fall  of  84  feet  i» 
available. 


Power  estimated  for  ordinary 
low  water. 

Do. 


Do. 


Do. 

Estimated  power  is  probably  not 
much  above  the  minimam,  dur- 
ing 24  hours. 

Power  estimated  for  low  water 
of  ordinarily  dry  years. 


33 


GENERAL  INTRODUCTION. 


xxxiu 


Large  undeveloped  powers  of  the  United  States. 

[Note. — Abbreviations  same  as  in  foresoing  table.] 


Locality. 


Sewell's  falls,  N.H. 


Near     Milton     Three 
Ponds,  N.  H. 


Salmon  Falls,  Me 

West  Buxton ,  Mo 

Near  Steep  falls.  Me  '. . 
Rumford  Falls,  Me  ... 
Berlin  falls,  N.H 


'  Madison   Bridge  falls. 

Me. 

Caratnnlc  falls,  Me 

College  rapids,  Me 

Piscataqois  falls.  Me  . 

Island  Kapids,  Me 

Near  Norwich,  Conn. . 

Sumner's  falls,  N.  H. 
and  Vt. 

Olcott  or  White  River 
falls. 

Falls  Village,  Conn  . . . 

Above  Troy,  N.  Y 

Trenton  Falls,  N.  T. . . 

Lyons  Falls,  N.  T 

Raw&on's  mill,  N.  T  - . . 

Below  Black  Elver  vil- 
lage. 

Two  miles  below  "Wa- 
tortown,  N.  T. 

Portage,  N.T 

Little  falls,  Md.  and'Va. 
Great  falls,  Md.  and  Ya. 

"Weverton,  Md 

Harper's  Ferry,  W.  Va. 

Do .'... 

Conewago  falls,  Pa 

Port  Deposit  canal,  Pa  . 
Lambertville,  N.  J" 


Stream. 


Merrimack  river 

Salman  Falls  river. 


Foul  rift,  near  Belvi- 
dere,  N.  J. 

■Weldon,N.C 

SmUey's  falls,  N.  C 

Buckbom  falls,  N.  0.  - . 

Grassy    Island    shoal, 
N.d. 

Narrows  of  the  Xadkin, 
N.C. 


Saoo  river 

...  do 

...do 

Androscoggin  river. 
...do 

Kennebec  river 

...do 

...  do 

Penobscot  river , 

..  do 

Quinebaug  river 

Connecticut  river — 
...do 

Housatonic  river 

Hudson  river 

West  Canada  creek . . 

Black  river 

...do 

..-.do  

.-.do 

Genesee  river 

Potomac  river 

...  do  

...do 

...do 

Shenandoah  river 

Susquehanna  river. . . 

...do 

Delaware  river 


...do  

Boanoke  river 

Cape  Fear  river 

...do  

Yadkin  river 

..  do 

1012  w  P— VOL  16 3 


Feet. 
19 

200 


62 

62 
131 
162 
200 

87 

30 

20 

23 

15 

50 

15 

35 

95 

18-30 
200 

64^ 

16  ± 

45  ± 

30  ± 
330 

10 

80-90 

25 

22  ± 

84 

10  ± 


23 
84 
27 
20 
36 
105 


Distance  in 
which  the  fall 
in  the  preceding 
column  occurs. 


1. 75  mile 

About  Smiles 


3, 500  feet 

About  2milL'8. 
About  3  miles. 
About  1  mile. 
About  1  mile.. 
24  miles  


20  feet  in  one 
pitch. 

10  feet  in  10 
rods. 


1,  650  feet  .... 
About  6  miles. 


About i  mile.. 

250  feet 

600-f  feet  .    . . 

^  mile 

3,000^,000... 

2-2J  miles 

At  dam 

IJ  mile 

3  miles 

IJ  mile 

Smiles 

About  1  mile.. 
9  miles 


About      4,100 
feet. 

About  2  miles. 

9  miles 

Similes 

i  mile 


Probably  sev- 
eral miles. 

4  miles 


Estimated  ^oss 
or  theoretical 
horse.power. 


Probably  2,000 
to '2,500  at  all 
times  dur- 
ing working 
hours. 

2,400 

2,300 

4,500 

13,252   

Very  large. .. 
11,000-12,000. 
3,  000-3,  500 .. ! 

3,000 

3,000-3,500... 
3,000-2,500... 

1,760 

2,560 

4,370   

2,700 

3,070 

1,820 

1,900 

1,820 

5,330 

3,610 

5,-J50 

2,000 

20,900-1- 

5,100 

2,900 

5,150 

10,800 

94,600 

4,400 


N.E. 
p.  38. 

N.E. 
p.  07. 


N.  B. 
p.  73. 

N.  E. 
p.  73. 

N.E. 
p.  73, 

N.E, 
p.  81. 

N.E. 
p.  81. 

N.E. 
p.  87. 

N.E, 
p,  87. 

N.E. 
p.  87. 

N.E, 
p.  93. 

N.E, 
p.  9J. 

L.I, 
p.  33. 

L.I. 
p.  60, 

L,  I. 

p.  00. 

L.  L 
p,  146. 

H.R. 
p.  10. 

H.R. 
p.  31. 

L.O. 
p.  8. 

L.O. 
p.  10. 

L.O. 
p.  11. 

L.O. 
16. 

,0. 

,  47. 

A. 

42. 

A. 

4a. 

A. 
43 


4,000.. 
18,500. 
2,860.. 
2,  000 . . 
8,680.. 
14,910. 


Remarks. 


P 
L, 
P 
M. 
P- 
M, 
P- 
M, 
P- 
M.  A, 
p.  44. 

M.  A, 
p.  48, 


M.  A, 
p.  97. 

S.  A, 
p.  29. 

S.A. 
p.  57. 

S.A. 
p.  58. 

S.A. 
p.  79. 

S.A. 
p.  79. 


Mioimum  jjower  i.s  several  thousand  horse-power  continuously. 
See  description. 

Flow  controlled  by  mills  below. 


Power  estimated  for  low  season  of  ordinarily  dry  years,  night 
and  day. 

Do, 


Do. 
Do, 


Power  estimated  for  low  season  of  ordinarily  dry  years,  night  and 
day.    This  site  is  utilized  to  a  smali  extent. 

Power  estimated  for  low  season  of  ordinarily  dry  years,  night  and 
day. 

Do. 

Do. 

Do, 

Power  estimated  for  low  water  of  ordinarily  dry  years,  night  and 
day. 

Do, 

Do Being  developed  in  1882. 

■Do No  power  used. 

Do.  do. 

Do.  do,' 

Do No  power  used,  but  it  is  proposed  to  improve  this 

privilege. 

Do Nopowerused,  but  this  privilege  was  formerly  de- 
veloped. 

Do. 
Do, 

Do. 

Power  estimated  for  low  season  of  ordinarily  dry  years,  night  and 
day.    Dam  not  tight. 

Power  estimated  for  low  season  of  ordinarily  dry  years,  night  and 
day. 

Do. 

Do Only  about  125  horse-power  utilized. 

Do. 

Do Formerly  partly  utilized. 

Do Formerly  a  navigation  canal. 

Do Power  being  partially  developed,  and  a  fall  of  9  feet, 

with  165  effective   horse-power  intended  to  be 
used  (1880). 

Do Entirely  undeveloped. 

Do Old  canal  in  existence. 

Do, 

Do Old  canal  in  existence. 

Do River  very  wide.    No  abrupt  fall.    Practically  not 

all  available. 

Do Practically  unavailable. 
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Locality. 


Bean's  shoal,  N.  G. . 
Xear  Camdon,  S.  C. 
Gi-reat  falls  of  the  .  . 
Landsford,  S.  C 


Moantaiu  Island  %hoal, 
JT.C. 

Lookout  shoal,  N.  C . .   . 
Columbia^  S.  C 


Ninety-nine      Islands 
shoal,  S.  C. 

Summers'  shoal,  S.  C. . 
Lockhart's  shoal,  S.  C . . 


Ninety-nine      Islands 
shoal,  No.  2,  S.  C. 

Cherokee  shoal,  S.  C  . . . 

M<mth  of  river,  S.  C 

Blue      Jacket     shoal, 
S.  C.  and  Ga. 

Long  shoa],  S.  C.  and 
Ga. 

Trotter's  shoal,  Ga  — 
McDanieU's  shoal,  Ga. . 
Portraan's  shoal,  S.  C  .. 
Anthony's  shoal,  Ga  . . . 

Milledgeville,  Ga 

Macon,  Ga 

■\Vctuujpka,  Ala 


Total  at  24  shoals  above 
"Wetumpka,  on  the 
Coosa  river. 

Etow.ah  Mining  and 
Mannfactui-ing  Com- 
pany's privilege. 

Tofal  at  28  shoals  above 
Columbus,  on  the 
Chattahoochee  river. 

Louisville,  Ky 

Cedars,  Wis 

Little  Chute,  Wis 

Eapid  Cni.hf.  Wis 

Little  Kaukauna.Wis,. 


Stream. 


7adkin  river 

Catawba  river 

.-.do 

-..do 

...do 

...do 

Congaree  and  Broad  rivers. 

Broad  river 

...do  

...do , 

...•do 

-.  do 

Saluda  river 

Savannah  river 

do 

do 

do 

Seneca  river , 

Broad  river 

Oconee  river 

Ocraulgee  river 

Coosa  river 

do 


Biil    Quinnesec    falls, 
\Vis. 

Little  Quinnesec  falls, 
Wis. 

Sand  Portage    rapids. 
Wis. 


Pcmena  falls.  Wis  - 
White  rapids,  Wis. 
Grand  rapids,  Wis- 


Twin    Islands  rapids. 
Wis. 

Schappee's  rifts 


Etowah  river 

Chattahoochee  river . 

Ohio  river 

Lower  Pox  river 

do 

do 

do 

Menominee  river 

do 

do 

do 

do 

do 

do 

do 


Feet. 
39 

52 
173 

40 

46 

54 

34 

17.28 

11.61 

47.66 

60.62 

50.95 

34 

10 

35 

75 

30 

Oil 
a  40 

34 

40  ± 

80  ± 
277  + 

80 

528  ± 

26 

a 

34 

8 

7.5 
120 
80 
40 
70 
20 
25 
10 

7 


Distance  in 
which  the  fall 
in  the  preceding 
column  occurs. 


4  miles 

5  miles., 

8  miles 

2  miles 

3  miles 

3-j-  miles 

4  miles 

25  miles 

0.94  mile...,. 

1.41  mile 

3.20  miles..... 

2  miles 

2J  miles 

600  feet 

5  miles 

7  miles 

5  miles 

2  miles 

li  mile 

5  to  6  miles 

10  miles 

12  to  15  miles.. 


Estimated  gross 
or  theoretical 
horse-power. 


5  miles . 


2  miles 

(Dam) 

6,600 

(Dam) 

(Dam) 

Short  distance 
Short  distance 

6  miles 

'£  miles 

3  miles 

3  miles 

f  mile 

4  mile 


2,320 

8,850 

24,000 

5,270 

2,300 

2,100 

6,700 

3,250 

2,000 

4,500 

2,700 

2,700 

3,200 

2,350 

7,250 

9,165 

2,  600 

1,950 

2,500  + 

2,8fi0 

2,450 

19,360 

61,600 


3,360... 
100,  000. 


Yery  large. 

2,553 

9,644 

2,269 

2,127 

14,905 

9,936 

6,078 

11,115 

3,275 

4,954 

1,985 

2,024 


Kemarks. 


S.A. 
p.  81 

S.A. 
p.  91, 

S.A. 
p.  92, 

S.A. 
p.  94. 

S.A. 
p.  95, 

S.A. 
p.  96. 

S.A. 
p.  102. 

A. 
p.  108. 

S.A. 
p.  108. 

S.A. 
p.  108. 

S.A. 
p.  108. 

S.A. 
p.  108. 

S.A. 
p.  117. 

;.A. 
p.  129 

S.A. 
p.  130. 

S.  A. 
p.  130. 

S.A. 
p.  130. 

S.  A. 
p.  138. 

S.A. 
p.  134. 

S.A. 
p,  145. 

S.A. 
p.  153. 

E.G. 
p.  12. 

E.G. 
p.  13. 

E.G. 
p.  16. 

E,G. 

pp. 

25,  26. 

O.E. 
p.  7. 

N.W. 
p.  36. 

N.  W. 
p.  36. 

N.W. 
p.  41. 

KW. 
p.  42. 

N.W. 
p.  00. 

N.W. 
p.  61. 

N.W. 
p.  61. 

N.W. 
p.  61. 

N.W. 
p.  62. 

N.W. 
p.  62. 

N.W. 
p.  62. 

N.W. 
p.  62. 


Power  estimated  for  low  season  of  ordinarily  dry  years,  night 
and  day.    Old  canal  in  existence. 

Do Old  canal  in  existence.    Power  largely  available. 

Do Old  canal  in  existence.    A  splendid  power,  larflely 

available. 

Do Old  canal  in  existence. 

Do A  splendid  power.    Partially  utilized  by  a  cotton- 
mill. 

Do. 

Do A  splendid  power.    Old  cSunal  in  existence. 

Do. 

Do. 

Do Not  easy  to  utilise  completely.    Perhaps  3, 000  horse- 
power easil.y  available.  • 
Do Complete  utilization  impracticable. 

Do.  do. 

Do Old  canal  in  txisttcce. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do Fall  and  power  can  not  be  accurately  stated. 

Do Not  a  very  good  site. 

Do.  do. 

Power  estimated  for  low  water  of  ordinarily  dry  years,  night  and', 
day. 

Do No  power  utilized  except  for  a  single  small  grkt- 

mill. 

Do. 

Do. 

Canal  arouud  falls. 

Power  estimated  for  ordinary  low  water.    A  dam  is  built  across 

the  river,  but  no  power  is  utilized. 
Do A  dam  715  feet  long  and  11  feet  high  crosses  the 

river,  and  a  tlour-mill  uses  about  100  horse-power. 
Do A  dam  525  feet  long  and  8  feet  high  crosses  the  river, 

and  a  small  amount  of  power  is  used. 
Do-. A  dam  686  fett  long  and  7J  feet  high  crosses  tUft. 

river,  and  a  small  amount  of  power  is  used. 
Do Would  be  very  costly  to  develop  full  fall. 

Do.  do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Large  undeveloped  powers  of  the  United  States — Continued. 


Locality. 


Stream. 


Grand  rapids,  Minn 

Below     Knife      falls, 
Minn. 


I 

1 

o 
H 


Distance  in    --tk  i.i      ^   » 
which  the  fall  ifistiinatedRioss 

in  the  preceding,  "J il'^rl'^v 
column  occnrs      horae-power. 


I  Feet. 
Saint  Lonis  river ;  75 


Near  moutli  of. , 


.do  . 
.do  . 


154 
.;456 


.9^ 


Smiles I  9,045... 

4J  miles i  20,451. 

llmilos !  63,293. 


Niagara  river From  lake  Erie  to  lake  On- 

I      tario. 

Do Niagara  falls  and  rapids. .. 


213 


37miLs I  6,204,000. 

Less    than    a  !  4,000,000. 
mile. 


N.W. 
p.  74. 

N.W 

p.  74. 

N.W. 
p.  74. 


N.  E. 
p.  11. 

N.E. 
p.ll. 


Hemarks. 


Power  estimated  for  ordinary  low  water. 

Do. 

Do Of  the  total  fall,  372  feet  occur  in  the  upper  4  miles. 

The  total  fall  would  not  be  available,  but  Mr. 
James  B.  Fiancis  considered  that  three-fourths  of 
it  would  be.    This  would  give 47,469  horse-power. 

Power  estimated  for  average  flow.    No  pow4r  utilized  except  at 
falls. 

Do Total  power  of  present  wheels  (1882)  5,200  effective 

horse-power. 


The  following  table  contains  a  compilation  of  information  regarding  water-power  companies,  prices  for  power, 
methods  of  regulating,  etc.  In  it  will  be  found,  arranged  geographically,  all  the  localities  where  power  is  regularly 
leased,  excepting  some  which  may  exist  in  the  Mississippi  basin,  the  report  on  which  was,  as  has  been  mentioned, 
not  accessible  to  the  writer.  It  will  be  seen  from  this  table  that  where  power  and  not  water  is  leased,  the  prices 
per  theoretical  horse-power  range  from  $1  to  $50  per  annum.  Probably  the  lowest  price  is  that  reported  on  the 
Lower  Fox  river  in  Wisconsin,  while  the  highest  rates  (leaving  out  of  consideration  certain  cases  at  some  of  the 
larger  powers,  where  the  use  of  surplus  is  in  the  nature  of  a  violation  of  rule  and  is  charged  very  heavily)  are  at 
Trenton,  Paterson,  and  Passaic,  New  Jersey,  Manchester,  Virginia,  and  on  the  Great  Miami  river,  in  Ohio. 

The  cost  of  water-power  in  the  United  States. 

[Note. — For  explanation  of  ahhreviatious  see  table  on  page  xxx.] 


1 
Locality. 

Stream. 

Available  power. 

IName  of 
company  owning 

privilege. 

Rates  for  power. 

1 

Methods  of 

regulating  quantity 

of  water. 

• 

o 

sl 
1° 
1 

Eemarks. 

T*a-wtTipT?pt   R*T 

Power  owned  by 
individuals. 

Small  amounts  of  power  rented, 
generally  with  floor-space,  and 
•    under  special  agreements. 

Apertures         propor- 
tioned to  quantities 
owned. 

N.E. 
p.  14. 

Permanent  power 
completely  ntiU 
izefl. 

do 

...do 

do 

N.E. 

Do. 

do    

....do 

do 

Weirs  whose  lengths 
are  proportioned  .to 
quantities  owned. 

p.U. 

N.E. 
p.  14. 

Do. 

Lawrence,  Mass  . . . 

Merrimack  river. . 

Minimum  is  11,000 
gross          horse- 
power      during 

working  hours. 

Essex  Company  .. 

$14  08  per  gross  horae-power  per 
annum  for  constant  power  16 
hours  per  day ;  suiplus  power 
at  from  4.7  cents  to  9.4  cents 
per  gEoss  horse-power  per  day, 
according  to  amount  used. 

Weir  and  flume  meas- 
urements, etc.,  car- 
ried   on    with    the 
greatest  care. 

N.E. 
p.  25. 

Permanent  power 
nearly  all  ntil- 
ized. 

....do 

Minimum  is  about 

11,845           gross 
horse-power  dur- 
ing        working 
hours. 

Proprietors         of 
Locks  and  Canals 
on       Merrimack 
river. 

Original  cash  payment  and  an- 
nual rent  of  $'3  53  per  gross 
horse-power  for  constant  pow- 
er 15  hours  per  day  ;  surplus 
power  at  from  1.2  to  23.5  cents 
per  gross  horse-power  per  day. 
according  to  amount  used  and 
stage  of  the  river. 

do 

• 

N.E. 
p.  30. 

All  the  permanently 
available  power 
is  utilized. 

Manchester,  K".  H.. 

do       

Minimum  is  about 
12,000           gross 
horse-power  dur- 
ing         working 
hours. 

Amoskeag  Manu- 
facturing Com- 
pany. 

Original  cash  payment  and  annu- 
al rent  of  $3  47  per  eroas  horse- 
power for  constant  power  IC 
hours  per  day ;  surplus  power 
at  6.8  cents  per  gross  horse- 
power per  day. 

Observations  on  height 
of  speed-gate  and  of 
water    in  pen-stock 
and  pit. 

K.E. 
p.  35. 

Do. 

Biddeford  and  Saco, 
Me. 

Saco  river 

1,700  gross  horse- 
power   in     low 
season  of    ordi- 
narily dryyears, 
without  storage. 

Saco  "Water  Power 
Company. 

Permanent  power  owned.   Rate 
for  surplus  power  3.52  cents 
per  gross  horse-power  per  day. 

Daily  observations  of 
height  of  speed-gate 
and  of  water  in  pen- 
stock and  pit. 

N.E. 
p.  72. 

Do. 

Lewiston,  Me 

Androscoggin  riv- 
er. 

Minimum  is  near- 
ly 12.000    gross 
horse-power  dur- 
ing        working 
hoars. 

Union  "Water  Pow- 
er Company. 

$1  87  to  $9  37  per  gross  horse- 
power per  annum. 

Measurements    lately 
made,  once  for  all,  to 
determine    quantity 
used  by  each  mill. 

N.E. 
p.  80. 

Kearly  all  the  per- 
manently avail- 
able power  is 
utilized. 

• 

Windsor      Locks, 
Conn. 

Connecticut  river. 

17,000   theoretical 
horse-power     in 
low  waterof  ordi- 
narily dry  years, 
night  and  day  for 
entireriver.  Prac- 
tically limited  by 
existingworksto 
a  less  amonnt. 

C  onnecticut  River 
Company. 

Perpetual  lease  of  ■  water  and 
land.    Nominal   water-rental 
is  $2  50  per  square  inch  of  ori- 
fice under  a  head  of  30  inches, 
equivalent  to  $13  50  per  an- 
num per  gross  or  theoretical 
'  horae-power  with  a  fall  of  30 
feet,  and  $20  30  with  a  fall  of 
20  feet. 

L.I. 
p.  48. 

• 
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The  cost  of  water-poicer  in  the  United  States — Continued. 


Localitry. 

Stream. 

Available  power. 

^Kame  of 

company  owning 

privilege. 

Eates  for  power. 

Methods  of 

regulating  quantity 

of  water. 

(0 

§1 

M 

Eemarks. 

Holyoke,  Mass 

Conneoticnt  river . 

24,000  theoretical 
horse-power  in 
low    water     of 
ordinarily     dry 
years,  night  and 
day. 

Holyoke      Water 
Power  Company. 

Eate  for  permanent  power  can 
not  be  stated ;  surplus  power- 
at  2.9  cents   per  theoretical 
horse-power  for  12  hours. 

Tests  of  wheels  pre- 
vious to  setting,  and 
daily  observation  of 
heights  of  gates,  and 
of  water  in  pen-stock 
and  pit. 

L.I. 
p.  5). 

Greater  part  of  util. 
ized  power  em- 
ployed for  paper- 
mills.  Consider- 
able power  still 
available. 

....do  

17,600  theoretical 
horse-power  in 
low    water     of 
ordinarily    dry 
years,  night  and 

Tamer's       Tails 
Company. 

Usual  rate  has  been  $7  50  per 
annum  per  horse-power  (not 
further  specified),  but  there 
is  no  established  rate  for  the 
future. 

Weir    measurements 
in     the     tail-races 
made   as    often   as 
desirable. 

L.L 

p.  56. 

Mass. 

BeUoTvs  Fana,Tt.. 

....do 

12,000  theoretical 
horse-power   in 
low    water     of 
ordinarily     dry 
years,  night  and 
day. 

BeUows  Falls  Ca- 
nal Company. 

Nominal  rate  $7  50  per  annum 
per  horse.power  (not  further 
specified). 

No  accurate  measure, 
ments  made ;  quan- 
tities     rated      for 
wheels  in  use  are  ac- 
oepted  in  practice. 

L.I. 

p.  58. 

Power  nearly  all 
employed  for  pa. 
per.miUs. 

TJniODTille,  Conn  .. 

Farmlngton  river . 

860        theoretical 
horse-power   in 
low    water     of 
ordinarily     dry 
years,  night  and 
day. 

Union  "Water  Pow- 
er Company. 

Perpetual  lease  at  $175  per  mill- 
powerper  annum,  amill-power 
being  7^  cubic  feet  per  second 
under  ahead  of  18  feet,  or  15.34 
theoretical  horse-power;  that 
is,  the  price  is  $11  35  per  theo- 
retical horse-power  per  annum. 

Quantity  used  deter- 
mined' by  wheel-rat- 
ings without  meas- 
urement. 

L.L 
p.  76. 

All  the  permanent 
power  is  already 
in  use. 

Greeneville,   Conn. 

Shetncket  liver. . . 

Total  rated  power 
of  wheels  inuse, 
1,600    or    1,700 
horse-power. 

Norwich     "Water 
Power  Company. 

Water-rights  sold  with   a   re- 
served annual  rental  of  $130 
per  1,000  spindle.power. 

Quantity  determined 
by  area  of  opening 
at  head-gates. 

L.  L 
p.  20. 

• 

Occnm,  Conn 

...do J.... 

290       theoretical 
horse-power  in 
low    water     of 
ordinarily     dry 
years,  night  and 
day. 

Occum  Company. . 

$20  per  annum  per  horse-power 
(not  farther  specified). 

L.L 

p.  22. 

About  180  (?)  horse- 
power in  use. 

Barrett's  Junction, 

Swift  river 

200       theoretical 
horse-power   in 
low    water    of 
ordinarily     dry 
years,  night  and 

Barrett's      Junc- 
tion "Water  Pow- 
er  Company. 

$9  per  annum  per  horse-power 
(not  further  specified). 

L.L 

p.  102. 

About  125  effective 

Mass. 

horse-power  util- 
ized. 

Biimingham,  Conn. 

Eoneatonio  river  . 

1,375     theoretical 
horse-power  in 
low    water    of 
ordinarily    dry 
years,  night  and 
day. 

Oosatonic    Water 
Company. 

Power  leased   for   ninety-nine 
years,  per  square  foot.    Per- 
Tnanent  water,  $20  per  annum 
per  theoretical  horse-power ; 
Jurat  surplus,  $12  per  annum 
per  theoretical  horse-power; 
second  surplus,  $8  per  annum 
per  theoretical  horse-power. 
.Company  does  not  guarantee 
power  in  any  case. 

Float  or  weir  measure- 1  L.  I. 
ments  made   when   p.  141. 
considered  neoessa-  j 
ry,  but  not  regularly.; 

i 

Power  to  be  used 
12  hours  per  day. 
Permanent  pow. 
er  still  available. 

Do 

Nangatnok  river. . 

Total       effective 
(rated)  power  of 
wheels  in  use, 
590. 

Birmingham  "Wa- 
ter Power  Com. 
pany. 

Permanent  power 
all  leased. 

tail-race. 

p.  148. 

Ansonia,  Conn 

...do     .  .     . 

Total       effective 
(rated)  power  of 
wheels  in   use, 
1,600  horse-pow- 
er. 

Ansonia  Land  and 
"Water      Power 
Company. 

Water  leased  by  the  square  foot, 
under  a  head  of  30  inches  es- 
timated to  produce  30  theoret- 
ical horse-power.    PerinaTient 
water.  $000   per   annum   per 
square   foot;    surplus  water, 
$250  to  $500  per  annum  per 
square  foot. 

Accurate       measure- 
ments  are   not   at- 
tempted. 

L.L 

p.  148. 

Ordinary  power  of 
privilege  fully  in 
use. 

Cohoes,  N.T 

Oewego,  N.Y 

Mohawk  river 

Oswego  river 

9,450     theoretical 
horse-power   in 
low    water    of 
ordinarily     dry 
years,  nightanu 
day. 

1,170    theoretical 
horse-power  in 
low    water    of 
ordinary  years, 
night  and'day. 

The  Cohoes  Com. 
pany. 

Oswego        Canal 
Company. 

Perpetual  lease  of  land  and  pow- 
er with  reserved  rent  amount- 
ing to  $14  07  per  annum  per 
theoretical  horse-power. 

999-year  lease  of  water.    Water 
ler.sed  by  the  "run"  equal  to 
1 1 3  cubic  feet  per  secondtunder 
20  feet  faU.    Price  otfirst-elass 
runs  equals  $13  11  per  annum 
per  theoretical  horse-power; 
of  sccond-olass  runs,  $9  36  to 
$11  24;  of  surplus  runs,  $6  55 
to  $8  74. 

Weir  and  flume  meas- 
urements, madewhen. 
ever  thereis  a  change 
in  the  running  of  the 
wheels,  or  oftener  if 
necessary. 

H.E. 
p.  24. 

L.O. 
p.  25. 

The  company  still 
has  permanent 
power  to  lease. 

. 

Do 

....do 

820       theoretical 
horse-power  in 
low     water    of 
ordinary  years, 
night  and  day. 

Two  individuals . . 

Perpetual  lease  of  water  by  the 
"run",  or  33i  cubic  feet  per 
second  under  a  head  of  10  feet. 
Cost  of  first-class  runs,  from 
$6  60  to  $7  92,  and  of  second- 
and    third-class    runs,    from 
$3  30  to  $3  06  per  annum  per 
theoretical  horse-pqwer. 

L.O. 
p.  25. 

Eochester.'N'.T.... 

Genesee  river 

8,970     theoretical 
horse-power   in 
low     water    of 
ordinarily    dry 
years,  night  and 
clay. 

Owned  principally 
by    the    manu- 
facturers them, 
selves. 

At  one  privilege  power  is  rented 
at  $25  per  annum  per  effective 
horse-power. 

Water  drawn  from  ca. 
nals  over  weirs,  whose 
lengths  are  propor- 
tioned    to     amount 
of     power     owned. 
Weirs   adjusted   by 
commissioners      ap. 
pointed  by  the  court. 

L.O. 

p.  48. 

With  the  present 
development,  all 
the  mills  can  bo 
run  at  full  capa- 
city during  only 

"  nine  or  ten 
months  in  the 
year. 
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The  cost  of  water-power  in  the  United  States — Continued. 


Locality. 


Stream. 


LocUport,  N.  T Erie  Canal 


Niagara  Falls,  N.  Y 


Fassalo,  N.  J  . 


Pateraon,  N.  J  . . . 


Earitan,  N.  J  - 


Trenton,  N.  J. 


Frederickaburg,  Va 


Manchester,  "Va. . . 


Angnsta,  G-a. 


Hamilton,  Ohio . 


West      Hamilton, 
Ohio. 

Middlttown,  Ohio  . 


FranMin,  Ohio 


Dayton  View,  Ohio. 


Dayton,  Ohio  . 


Do- 


Available  power. 


Name  of 

company  owning 

privilege. 


Niagara  river. 


FassaioriTer. 


.do.. 


Karitan  river . 


Delaware  river  . 


Kappahannook 
nver. 


James  river  . 


Savannah  river  . . . 


Great  T^iaTni  river 


....do. 
....do. 

....do  . 


-do  . 


Mad  river  . 


Miami    and   Erie 
_  canal. 


2,590  to  3,238  theo- 
retical horse- 
power. 


About  4,000,000 
theoretical  horse- 
power in  ordi- 
nary stage,  nigbt 
and  day. 


About  800  theo- 
retical borse- 
power  in  low 
season  of  ordi- 
narily dry  years, 
nigbt  and  day. 

About  2,150  tbeo- 
retical  horse- 
power in  low 
season  of  ordi- 
narilydiy  yeaiB, 
night  and  day. 

216  theoretical 
horsepower  in 
low  season  of 
ordinarily  dry 
years,  night  and 
(lay. 

3,000  to  4,500  theo- 
retical horse- 
power in  low 
season  of  ordina- 
rily dry  years, 
night  and  day. 

1,360  theoretical 
horse-power  in 
low  season  of 
ordinarily  dry 
years,  night  and 
day. 

Can  not  be  stated . . 


13,635  theoretical 
horse-power  in 
low    season    of 

ordinarily  dry 
years,  night  and 
day. 


600  theoretical 
horse-power  in 
low  water  of 
ordinarily  dry 
years,  night  and 
day. 

270  theoretical 
horse-power  in 
low  water  of 
ordinarily  dry 
years,  night  and 
day. 


Lockport  Hydrau- 
lic Company. 


Niagara  Falls  Hy- 
draulic Power 
and  Mauufact- 
nring  Company. 


Dundee  Water 
Power  and  Land 
Company. 


Society  for  Estab- 
lishing Useful 
Manufactures. 


Earitan       Water 
Power  Company. 


Kates  for  power. 


Perpetual  lease  or  absolute  pur- 
chase. Price  from  $8  33  to 
$11 11  per  annum  per  theoreti- 
cal horse-power. 

When  company  maintains  wa- 
ter-wheels arid  main  shafting, 
the  price  is  $10  per  horse- 
power (not  farther  specified) 
perannum.  When  manufact- 
urers supply  their  own 
wheels,  price  is  $7  per  horse- 
power per  annum  np  to  1,000 
horse-power,  and  less  for 
larger  powers. 

Abont  $33  33  per  annum  per 
gross  or  theoretical  horse- 
power for  12  hours  a  day. 


$750  per  annum  per  square  foot 
of  orifice  under  a  head  of  2.75 
feet  to  center,  equivalent  to 
about  $36  per  annum  per  theo- 
retical or  gross  horse-power. 

Nominal  price,  $300  to  $400  per 
annum  per  square  foot  of  ori- 
fice under  a  head  of  80  inches 
to  center  of  orifice. 


Trenton       Water 
Power  Company. 


Fredericksburg 
Water  Power 
Company. 


City  of  Manches- 
ter. 


City  of  Augusta  . . 


Haroilton  and  Ross- 
ville  Hydraulic' 
Company. 


West  Hamilton 
Hydraulic  Com- 
pany. 

Middletowii  Hy- 
draulic Com- 
pany. 

Franklin  Hydrau- 
lic Company. 


Dayton  View  Hy- 
draulic Com- 
pany. 


Dayton  Hydraulic 
Company. 

Cooper  Hydraulic 

Company. 


;3  and  $4  per  square  inch  under 
a  head  of  3  feet;  uquiviUeut 
to  about  $37  50  and  $50  per 
annum  per  theoretical  horse- 
power. 


From  $5  to  $15  per  horse-power 
(not  further  specified). 


50-year  leases  at  $4  per  annum 
per  square  inch  of  orifice  under 
a  head  of  3  IVet,  corre  spun  ding 
theoretically  to  between  $29  GO 
and  $42  10  per  annum  per  the- 
oretical horse-power,  accord- 
ing, as  the  fttll  is  26  or  14  feet. 

$5  50  per  horse-power  (not  fur- 
ther specified). 


Water  leased  in  "mill-stone 
powers";  price  is  equivalent 
to  from  $19  09  to  $^4  05  per 
annum  per  theoretical  or  gross 
boise-power. 

$200  per  annum  per  "run", 
which  equals  375  cubic  feet 
per  minute. 

$28  94  per  annum  per  theoretical 
horse-power.  Company  re- 
serves light  to  shut  off  water 
30  days  in  the  year. 

$29  37  per  annum  per  theoretical 
borse-power. 


30  71  per  annum  per  theoretical 
horse-power,  in  99-year  leases. 


$30  21  perannum  per  theoretical 
horse-power. 

The  greater  part  at  $24  75  and 
$27  93  per  annum  per  theoreti- 
cal horse-power. 


Methods  of 

regulating  quantity 

of  water. 


Amount  judged  from 
wheel-ratings,  with 
oocasional  measure- 
ments  in  the  tail- 


Not  stated  . 


No  regular  measure- 
ments made.  Prices 
based  on  a  measure- 
ment made,  once  for 
all,  several  years 
ago. 

No  regular  measure- 
ments made.  Ori- 
fices in  flumes  or 
apertures  in  tur- 
bines used  as  basis 
of  calculations. 

None,  except,  perhaps, 
by  orifices. 


No  measurements 
mtide  regularly.  A 
measurement  was 
made  several  years 
aco,  once  for  all,  and 
prices  fixed  accord- 
ingly. 

No  measurements 
made. 


No  precautions  taken 
to  regulate  exactly 
the  amount  of  water 
used. 


Optional  with  city  en- 
gineer. 


L.O. 

p.  61. 


N.K. 
p.  14. 


M.  A 

p.  132 


M.  A. 

p.  130. 


M.  A. 
p.  126. 


M.  A. 

p.  94, 


M.  A, 

p.  36. 


M.  A. 

p.  15. 


S.A. 
p.  327. 


Eemarks. 


Water-power  relia- 
ble for  the  greater 
part  of  the  year, 
but  not  always. 


Enormous     power 
still  available. 


Water  delivered  over 
fixed  iron  weirs. 


Fixed  weirs. 


None,  on  account  of 
abundance  of  water. 


Adjustable  orifices  . 
Fixed  apertures  — 


iO.R. 

p.  48. 


O.K. 

I  p.  49. 

O.E. 
p.  49. 


O.K. 

p.  50. 


jO.B. 
p.  51. 


O.R. 

p.  52. 

O.R. 
p.  63. 


All  the  permanent 
power  already 
utilized. 


Power  not  economi- 
cally developed. 


About  500  gross 
horse-power  util- 
ized. 


G  enerally  sufficient 
water  lor  all  mills 
at    present    run- 


Price  probably  re- 
fers to  gross  or 
theoretical  horse- 
power. 


Permanent  pow<Tr 
completely  util- 
ized. 


Do. 


Do. 


Permanent  power 
not  all  utilized. 
Eifective  power 
of  wheels  in  use, 
280  horse-power. 

150  iF-  effective  horse- 
power of  wheels 
in  use. 
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WATER-POWER  OF  THE  UNITED  STATES. 
The  cost  of  water-power  in  the  United  States — Continued. 


Locality. 

1 
Stream.           1   Available  power. 

! 
1 

Name  of 

company  owning 

privilege. 

l^tee  for  power. 

Methods  of   ' 
regulating  quantity 
of  water. 

1 

r 

Kemarks. 

Appleton,  Wis 

Lower  Fox  river. . 
.,..do 

10 ,  200  .,-j  theoretical 
horse-power    at 
ordinary  low  wa- 
ter. 

14,182   theoretical 
horse-power    at 
ordinary  low  wa- 
ter. 

2,250     theoretical 

Power  leased  with   necessary 
land.    A  500  to  1,000  horse- 
power site  at  $1  to  $2  per  an- 
ntim  per  horse-power ;  alOOto 
300  horse-power  site  at  $3  to  $4 
per  annum  per  horse-power; 
a  50  horse-power  site  of  one- 
half  acre  at  $3  to  $3  per  an- 
num per  horse-power. 

A  100  to  300  horse-power  site  at 
from  $2  to  $5  per  annum  per 
horse-power. 

$20  per  horse-power 

N.-W. 
p.  19. 
p.  27, 

S.W. 
p.  20, 
p.  38. 

Kankauna  "Water 
Power        Com- 
pany. 

Mn.  J.  D.  Bower- 

Power  not  measured, 
but   estimated    ap- 
proximately. 

Lawrence,  Kans  . . . 

Kansas  river 

horse-power    at 
low    -water     of 
ordinarily     dry 
years. 

sock. 

p.  57. 

The  following  table  contains  condensed  information  regarding  water-power  used  from  navigation  canals,  with 
rates  for  power,  etc. : 

Water-^power  used  from  navigation  canals. 

[Note.— For  explanation  of  abbreviations,  see  table  on  page  xxx.] 


Canal  or  company. 


New  York  State  canals . 


Delaware  and  Earitan 
canal. 


LehighCanal  and  Nav- 
igation Company. 


Schuylkill  Navigation 
Company. 


Pennsylvania  canal. . 


Chesapeake  and  Ohio 
caaal. 


James  Kiver  and  Ka- 
nawha canal. 


State  of  Ohio  . 


Conditions  of  lease. 


Ohio  State  canals . 


Surplus  water  only ;  policy  of 
the  state  is  not  to  dispose 
of  any  more  power;  water 
entirely  drawn  off  at  times. 

Surplus  water  only ;  no  guar- 
antee, and  water  entirely 
drawn  off  at  times. 


Surplus   water   only ; 
drawn  off"  at  times. 


water 


Surplus  water  only ;  but  quan- 
tity so  regulated  that  a 
steady  power  can  be  main- 
tained. 


Surplus  water  only;  no  guar- 
antee of  water  otf  power,  and 
water  drawn  off  at  times. 


Surplus  water  only ;  no  head  or 
quantity  guaranteed ;  water 
drawn  offat  times. 


Surplus  water  only  . 


At  dams  on  Muskingum  river; 
surplus  power  leased  under 
SO-year  leasea,  and  at  expi- 
ration of  lease  power  sold 
by  auction;  state  reserves 
right  to  shut  off  crater  one 
month  in  the  year. 

Surplus  water  flowing  around 
a  certain  lock;  or  water  suf- 
ficient for  a  certain  number 
of  runs  of  stones ;  or  a  cer- 
tain number  of  cubic  feet 
per  minute.  Right  reserved 
to  shut  off  water  for  30  days 
per  year. 


Rates  for  power. 


Leased  to  highest  bidders. 


Nominal  price,  $S  nor  square 
inch  under  a  head  of  3  feet, 
but  special  agreements  often 
made. 

From  $1  to  $4  per  pqnare  inch 
of  aperture  under  a  head  of 
3  feet  to  center  of  oi'ifice, 
according  to  the  i'.ill  and 
other  cir(;ura8tanc6s. 

For  mills  running  10  hours  per 
day,  $6  per  square  inch  per 
annum ;. for  mills  ruiining24 
houi's,  $7  51)  per  square  inch 
per  annum,  nndoj-  a  head  of 
3  feet  to  center  of  aperture. 

Perhaps  $2  to  $5  ]ier  horse- 
power per  annum,  liut  no 
regular  rates. 


$2  50  per  square  inch  per  an- 
num, in  20-year  leases. 


Accordingto  location,  $3,  $1 10, 
and  70  cents  per  cubic  font 
per  second  for  each  foot  fall, 
equal  to  respectively  $26  41, 
'$9  68,  and  $6  16  per  gross  or 
theoretical  horse-power  per 
annum. 

No  uniformity  in  rates 


.do  . 


Methods  of  regulating. 


Standard  orifice  p,ut  in. 


Flume  measurements 
where  turbines  are  used, 
and  standard  apertures 
forolbtir  wheels. 


Total  amount 

of  power 
used;  effect- 
ive horse- 
power. 


2,391  . 


About  8 


s  o 

to  p. 


L.O. 
p.  61. 


M.  A. 
p.  96. 


M.  A.' 
p. 107. 


About  1,750.  M.  A. 
'  p.  104. 


About  400. 


M.A. 
I  p.  63. ' 


Water  leased  by  square 
inch  of  opening,  and  a 
standard  orifice  is  speci- 
fied. 

"Water  delivered  through 
au  orifice. 


Leases  specify  that  water 
shall  be  taken  over  weirs, 
but  practically  they  are 
not  used. 


Practically  none . 
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Perhaps!, .lOOjM.  A. 
p.  41. 


.,M.  A„ 
'p.  17. 


1,100  to  1,200 
rated  power 
of  wheels. 


6,618. 


O.E. 
p.  36. 


O.E. 
p.  59. 


Eemarta. 


Excluding  power  at  feeder- 
dams. 


Principal  use  of  power  is  on 
the  leeder-caual,  at  Lam- 
bertville,  I^ew  Jersey, 
where  about  540  horse- 
power is  used. 

Cotnpany  still  has  some 
power  to  dispose  of. 


CousiUerable  power  is  avail- 
a.ble  at  the  locks,  about 
5,700  theoretical  horse- 
power in  all  over  the  en- 
tire canal. 

Principal  use  of  power  is  at 
Georgetown,  D.C.,  where 
about  1,200  horse-power 
is  utUized. 

This  canal  is  now  aban- 
doned. 


Many  powers  still  unutil- 
ized. 
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Finally,  the  followiug  table  shows  the  power  utilized,  by  drainage  basins,  only  the  lai-ger  streams  being  specified. 
From  this  it  is  seen  that  the  basin  of  the  Blackstone  is  the  one  in  which  there  is  the  greatest  amount  of  water-power 
utilized  per  square  mile,  while  in  the  basins  of  the  Missouri,  Arkansas,  and  Eed  rivers  the  utilized  water-power  is 
practically  nil  in  proportion  to  the  area  drained : 


stream.  * 


Drainage 
area. 


Blackdtone  river 

Taunton  river 

Charles  river 

Merrimack  river 

Saco  river 

4*resnmpscot  river 

Androscoggin  river 

Kennebec  river 

Penobscot  river 

Saint  Crois  river  in  Maine 
Saint  John  river  in  Maine 

■Connecticut  river 

Thames  river 

Housatonic  river 

Hudson  river 

Passaic  river 

Jiaritan  i  iver 

"  Delaware  river 

Schuylkill  river 

Susquehanna  river 

Potomac  river 

Rappahannock  river 

James  river 

Koanoke  river 

Tar  river 

Neuse  river 

Cape  Pear  river 

Great  Pee  Dee  river 

Wateree  river 

Congaree  river 

Savannah  river 

Ocmulgee  river 

Oconee  river 


Sq.  miles. 

458 

337. 

281 

4,916 

1,753 

726 

3,698 

6,404 

8,785 

1,674 

7,998 

10,924 

1,450 

1,933 

13,  366 

962 

1,098 

10, 100 

1,912 

26,233 

14,500 

2,700 

9,700 

9,200 

3,000 

5,299 

8,400 

17,000 

5,225 

7,965 

10,000-11,000 

6,000 

5,400 


Utilized 
net  or 

effective 
horse- 
power. 


19,994 
4,097 
3,362 

88,  818 
8,129 
5,430 

15,  741 

11,  277 
9,200 

772-1- 

862  ± 

118,  026 

30,  523 

21, 159 

82,  910 

8,159 

4,977 

43,  355 

12,  096 
70,  283 
18,790-1- 

2,371 
13,323 
8,436 
2,571 
.  3, 250 
7,121 
8,121 
5,158 
7,654 
11, 778 
3,100 
3,486 


Utilized 
power 

per 
square 
mile. 


Ap- 
proxi- 
mate 
rank. 


B.  T. 

43.  055 

12. 167 

11.964 

ia0fl7 

4.637 

7.479 

4.257 

1.761 

1.047 

0.461 

0.108  t 

10.804 

21.  050 

10.  946 

6.203 

8.481 

4.533 

4.293 

6.326 

2.679 

1.296 

0.878 

1.374 

0.916 

0.857 

0.613 

0.848 

0,478 

0.987 

0.961 

1.122 

0.517 

0.646 


1 
4 
5- 
3 

15 
9 
18 
20 
28 
45 
53 
7 
2 
6 
13 
8 
16 
17 
11 
19 
25 
33 
24 
31 
34 
39 
35 
43 
29 
30 
26 
41 
38 


Stream. 


Drainage 
area. 


Alabama  river 

Tallapoosa  river 

Coosa  river 

Appalachicola  river 

Chattahoochee  river 

Flint  river 

Black  river,  New  York 

Oswego  river 

Genesee  river 

Allegheny  river i .  - . 

Monongahela  river 

Beaver  river 

Little  Kanawha  river 

Muskingum  river 

Scioto  river 

Great  Miami  river , 

Dakota  river 

Big  Sioux  river 

Tributaries  of  the  Missouri  river  in 
southeast  Dakota. 

Tributaries  of  the  Missouri  river  in 
western  Iowa. 

Tributaries  of  the  Missouri  river  in 
northern  Missouri. 

Platte  river  and  tributaries 

Kansas  river  and  tributaries 

Osage  river  ajnd  tributaries , 

Gasconade  river  and  tributaries 

Missouri  Kiver  basin 

Eastern  Iowa  slope 

Eastern  Missouri  slope 

Arkansas  river 

White  river,  Arkansas 

Eed  river 


Sq.  miles. 

23, 700 
4,936 

10,  610 

19,  580 
9,100 
8,420 
1,857 
5,013 
2,496 

11, 107 
7,625 
3,030 
2,290 
7,740 
6,400 
5,400 

22,  000 
7,880 

32, 110 

10,  000 

17, 000 

90,000 

59,  750 

15,  262 

3.700 

527,  000 
35,  995 
18,  800 

188, 143 
27, 925 
92, 700 


Utilized 
net  or 

effective 
horse- 
power. 


Utilized 

power 

per 

square 
mile. 


10, 169 
2,  445 
6.257 

12,  989 
9,785 
3,204 

13,  029 
31,  488 
13,  898 
19,  340-1- 

5,79j 

4,002 

500 

7,066 

3,008 

9,  489-1- 

228 

673 

1,034 

2,265 

2,958 

4,157 

6,561 

1,347 

380 

21,  012 

15,410 

1,466 

7,076 

2,146 

778 


H.P. 
0.429 
0.495 
0.590 
0.663 
1.075 
0.381 
7.016 
6.281 
5.508 
1.741 
0.7C0 
1.519 
0.222 
0.913 
0.470 
1.  7.i7 

0.010 

0.085 
0.032 

0.  227 


0. 174     I         51 


Ap. 
proxi- 
mato 
rank. 


46 
42 
40 


48 
10 
Vi 
14 

36 
23 
50 
32 
44 
21 
63 
56 
62 


0.046 
0.109 
0.088 
0.104 
0.039 
0.428 
0.078 
0.038 
0.077 
0.008 


55 
,t4 
60 
47 
57 
61 
58 
64 


GEO.  F.  SWAIN, 

Special  Agent,  Tenth  Census. 


New  Yoek,  N.  Y.,  December,  1885. 

I  have  examined  the  above  summary,  prepared  by  Mr.  Swain,  in  connection  with  the  various  reports  to  which 
it  relates,  and  give  it  ipy  unqualified  indorsement. 

It  was  originally  arranged  that  this  summary  should  be  prepared  by  Mr.  Swain  and  myself  jointly,  but  the 
pressure  of  other  duties  has  prevented  me  from  taking  any  part  in  it  except  to  examine  and  approve  it.  I  regard 
it  as  a  most  thorough,  complete,  and  scholarly  abstract  and  presentation  of  the  results  of  the  reports. 

W.  P.  TROWBRIDGE. 
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LETTER   OF  TRANSMITTAL. 


Boston,  Mass.,  April  30,  1883. 
Professor   W.   P.  Trowbcidge, 

Chief  Special  Agent,  Tenth  Censnx,  ColumUa  College,  Xeic  York,  N.  Y. 

Sir:  I  have  the  honor  to  submit  herewith  a  report  upon  the  water-power  of  eastern  New  England,  giving 
the  results  of  investigations  carried  on  under  your  direction  during  the  summer  of  1882.  This  completes  the  series 
of  reports  intrusted  to  my  care,  and,  as  in  those  previously  completed,  the  aim  has  been  to  give  a  reliable  account 
of  the  great  powers  in  the  region  considered,  a.s  well  as  a  general  discussion  of  its  water-power  in  general.  The 
suspension  of  field  operations  in  the  sun:mer  of  1881,  and  the  limited  time  at  my  disposal  after  their  renewal  in 
1882,  rendered  impossible  a  personal  examination  of  the  state  of  Maine,  and  a  hurried  visit  to  a  few  of  its  great 
powers  was  all  that  could  be  attempted  in  that  state.  Fortunatelj",  however,  the  water-power  of  Maine  has  been 
ably  and  exhaustively  treated  in  a  report  by  Mr.  Walter  Wells,  made  in  1869,  by  the  use  of  which,  as  well  as 
by  extensive  correspondence,  the  data  given  have,  it  is  hoped,  been  made  reasonably  accurate. 

My  thanks  are  due  to  many  gentlemen  who  have  assisted  me  in  my  work,  and  who  are  referred  to  in  the  body 

of  the  report. 

Very  respectfully,  your  obedient  servant, 

GEORGE  P.  SWAIN. 
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I.— INTRODUCTION. 

The  territory  to  be  covered  by  the  present  report  comprises  that  part  of  New  England  draining  into  the 
Atlantic  ocean  east  of  the  Thames  river,  Connecticut.  Before  proceeding  to  discfuss  the  yarious  streams  draining 
this  district,  its  general  characteristics  should  first  be  given;  and  the  following  brief  rhumSoi  the  principles  or 
circumstances  upon  which  the  value  of  powers  depend  will  aid  in  forming  a  just  estimate  of  the  water-power  of 
l^ew  England. 

GENERAL  CONSIDEEATIONS. 

A  water-power  is  produced  when  a  certain  quantity  of  water  falls  through  a  certain  distance.  The  greater  the 
fall,  and  the  greater  the  quantity  of  water,  the  greater  the  power;  but  if  the  quantity  of  water  varies  from  day  to 
day,  that  which  flows  in  the  period  of  minimum  flow  is  all  that  is  permanently  available,  while  at  other  times  there 
will  be  large  amounts  in  excess.  A  good  power,  then,  supposes  a  good  fall,  a  considerable  quantity  of  water,  and 
a  snlall  variation  in  that  quantity.  Let  us  take  up  these  three  points  in  succession.  What  conditions,  then,  are 
favorable  to  the  existence  of  large  falls  on  ri\'ers  ?  In  general,  the  streams  must  have  a  considerable  declivity. 
If  a  stream  has  an  average  fall  which  is  large,  we  may,  in  general,  conclude  that  it  possesses  considerable  power. 
Theoretically  the  power  which  it  possesses  depends  upon  the  average  quantity  of  water  which  it  discharges  from 
source  to  mouth,  and  the  total  fall  between  those  two  points.  But  there  may  be  great  differences  in  regard  to  the 
availability  of  this  power.  If  the  stream  possesses  natural  falls  of  considerable  magnitude  in  short  distances,  then 
by  diverting  the  waters,  and  carrying  them  in  canals  past  the  falls,  powers  may  be  rendered  available;  but  if  there 
are  no  concentrated  falls,  and  only  a  uniform'  declivity,  then,  in  order  to  produce  a  power,  a  dam  must  be  erected 
which  shall  raise  the  level  of  the  water  for  some  distance  and  produce  a  sudden  fall.  The  erection  of  a  dam, 
however,  is  often  accompanied  by  the  overflowing  of  considerable  areas  of  valuable  land  above,  depending  on  the 
character  of  the  banks  of  the  stream;  and  there  is  often  danger  of  the  breaking  away  of  the  dam  in  times  of 
freshet,  if  it  is  not  founded  on  solid  material.  In  addition  to  a  great  declivity,  then,  it  is  necessary  that  a  stream 
should  possess  concentrated  falls  and  rapids,  and  it  is,  moreover,  desirable  that  its  banks  shall  be  high  and  firm, 
affording  good  foundations  for  building,  and  not  comi^rising  much  low  land  which  would  be  liable  to  overflow  were 
the  water-level  raised  a  few  feet.  The  formation  of  a  large  pond  by  the  erection  of  a  dam,  however,  if  not  attended 
with  too  much  expense,  is  an  extremely  favorable  circumstance,  as,  if  large  enough,  it  allows  of  the  storage  of  the 
water  during  the  niglit,  and  the  utilization  during  twelve  hours,  or  less,  of  the  entire  flow  in  twenty-four.  Ealls  and 
rapids  generally  occur  when  a  stream  crosses  ledges  of  rock.  It  is  therefore  important  that  a  stream  shall  have  cut 
down  its  bed  to  the  underlying  rock,  and  that  its  drainage  basin  shall  be  underlaid  with  rocks  at  a  moderate  depth. 
If  a  fall  or  rapid  is  to  be  permanent,  the  rocks  which  cause  it  must  be  hard  and  impervious,  otherwise  they  will  be 
gradually  worn  away  and  the  fall  obliterated.  If  a  stream  flows  at  right  angles  across  the  upturned  edges  of  a 
series  of  rock  strata,  the  falls  are  apt  to  be  greater  and  more  numerous  than  if  the  stream  runs  parallel  to  the  rock 
strata;  it  is  hence  a  favorable  circumstance  if  the  strike  of  tbe  rock  strata  is  at  right  angles  to  the  general  course 
of  the  streams.  A  swampy  country  is,  of  course,  not  favorable  to  the  existence  of  falls,  neither  is  a  country  deeply 
overlaid  with  drift.  In  such  cases,  and  generally  in  cases  where  the  declivity  is  gradual,  the  bed  is  apt  to  be  of 
movable  material  and  the  construction  of  a  dam  attended  with  some  uncertainty. 

Upon  what  circumstances,  again,  does  a  large  average  flow  depend  ?  By  average  flow  we  mean  the  average 
quantity  of  water  discharged  during  a  year ;  and,  inasmuch  as  all  the  water  flowing  in  a  stream  is  derived  from  the 
rainfall,  it  is  at  once  evident  that  a  first  requisite  is  a  large  annual  rainfall.    Further,  the  rainfall  must  be  so 
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distributed  through  the  year  that  there  shall  be  the  least  loss  by  evaporation ;  heuce  in  winter,  when  the  evaporation 
is  least,  the  rainfall  must  be  largest.  Again,  the  smaller  the  evaporation  the  less  the  loss  from  that  source;  hence 
a  low  annual  temperature,  and  especially  a  low  summer  temperature,  is  a  favorable  circumstance.  A  pervious  soil, 
which  shall  absorb  the  water  rapidly,  removing  it  from  the  action  of  the  sun's  rays,  is  also  favorable. 

But  the  most  important  requisite  in  regard  to  flow  is  that  it  be  uniform,  for  it  is  only  the  lowest  flow  that  is 
permanently  available.  A  large  number  of  circumstances  affect  the  distribution  of  the  flow  through  the  year. 
First,  there  is  the  question  of  storage.  If  the  surplus .  waters  which  flow  in  wet  seasons  and  in  freshets  can  be 
stored  up  and  held  until  dry  seasons,  then  a  tolerably  uniform  flow  may  be  secured ;  but  the  amount  of  storage 
capacity  available  must  be  greater,  as  the  natural  variability  of  the  flow  is  greater.  The  presence  of  lakes  and  of 
facilities  for  artificial  storage  is  therefore  a  most  favorable  circumstance,  especially  if  they  are  deep,  for  then  they 
expose  less  surface  to  the  influence  of  evaporation.  But  it  is  evident  that  for  uniform  flow  the  rainfall  should  be 
greatest  in  summer,  when  the  loss  by  evaporation  is  greatest;  and  this  distribution  is  unfavorable  to  a  large  average 
flow.  If  large  storage  capacity  is  available,  a  small  summer  rainfall  is  not  detrimental ;  but  in  a  region  without 
lakes  it  is,  no  doubt,  a  great  factor  contributing  to  a  variable  flow.  A  deep  and  pervious  soil  is  a  favorable  factor, 
as  it  serves  as  a  sort  of  reservoir,  absorbing  the  rain  which  falls,  and  giving  it  out  gradually  by  springs.  This 
element,  however,  is  less  important  in  a  country  where  there  are  numerous  lakes,  and  where  the  rainfall  is  favorably 
distributed  for  uniform  flow;  in  other  cases  it  is  very  important.  A  low  summer  temperature  is  favorable  here,  as 
well  as  in  regard  to  average  flow,  diminishing  the  evaporation  when  it  is  greatest.  Extensive  forests  have  a  very 
great  effect  in  regulating  flow,  by  diminishing  the  amount  of  water  flowing  directly  from  the  surface  and  increasing 
the  amount  percolating,  to  be  given  out  elsewhere  by  springs.  As  regards  topography,  the  most  favorable  condition 
is  one  which  neither  allows  of  a  rapid  discharge  of  the  water  falling  on  the  surface,  occasioning  sudden  freshets^ 
nor  of  a  very  slow  discharge  and  long  exposure  to  the  influence  of  evaporation.  A  mountainous  country  generally 
favors  rapid  discharge  of  storm  waters,  especially  if  the  slopes  are  steep,  rocky,  and  not  wooded ;  hence  streams  in 
mountain  regions  are  seldom  of  any  value  for  manufacturing.  A  very  flat  country,  on  the  other  hand,  allows  of  a  very 
large  evaporation,  and  consequently  of  a  small  average  flow  of  the  streams,  and  such  a  topography  is  not  favorable 
to  the  existence  of  abrupt  tails.  A  country  which  is  moderately  hilly  is  in  general  the  most  favorable.  The  shape- 
of  the  drainage  basins  of  the  streams  has  also  an  effect.  We  shall  meet  with  numerous  examples  of  the  fact  that 
where  a  stream  cuts  across  a  series  of  parallel  ranges,  so  that  its  tributaries  have  long  and  narrow  basins,  draining  the 
parallel  valleys  between  the  ridges,  a  variable  flow  is  to  be  expected,  especially  if  the  slopes  are  steep  and  the  ridges 
high,  for  the  rain  is  very  apt  to  fall  in  such  cases  on  one  or  a  few  slopes,  or  over  several  adjacent  drainage  basins,, 
suddenly  swelling  enormously  a  few  tributaries  and  the  main  stream.  If  mountains  are  arranged  in  well-defined 
ridges  one  slope  is  apt  to  have  a  greater  rainfall  than  another,  while  if  they  are  irregularly  arranged  in  clusters  a 
more  uniform  distribution  of  the  rainfall  is  the  result,  and  hence  a  more  uniform  flow  of  the  streams.  Again,  the 
greater  the  area  of  the  drainage  basins  the  more  uniform  will  be  the  flow,  because  the  effect  of  sudden  rains  is 
comparatively  smaller.  The  state  of  cultivation  has  also  an  effect  on  the  average  flow  as  well  as  on  its  distribution, 
for  from  cultivated  ground  the  rain  will  not  be  shed  so  rapidly  as  from  uncultivated  ground ;  hence  the  flow  will  be 
more  uniform  in  the  former  case,  but  the  average  flow  less. 

Finally,  it  is  important  to  notice  that  one  other  important  element  of  a  good  water-power  is  accessibility  either 
by  sea  or  by  land,;  and,  consequently,  that  a  topography  which  is  favorable  to  the  location  of  railways  along  the 
rivers,  and  not  along  the  divides,  is  favorable  as  regards  water-power.  In  this  respect  high  banks,  with  few  extensive 
bottom-lands  subject  to  overflow,  are  essential. 

We  proceed  now  to  describe  the  general  characteristics  of  eastern  New  England  in  the  light  of  what  has 
preceded,  and  to  study  the'general  effects  of  these  circumstances  on  its  water-power. 

1. — Akea  and  form. 

The  region  to  be  considered  embraces  a  land  area  of  about  41,000  square  miles,  distributed  as  follows  among 
the  different  states : 

Square  mUea. 

Maiue 29,895 

]?ew  Hampshire 6,276 

Massachusetts 3,750 

Rhode  Island 1, 035 

Conueoticut 164 

Total  laud  area 41,  igo 

This  area  forms  a  strip  extending  along  the  Atlantic  between  the  parallels  of  about  41^o  aud  47^°  north 
latitude.  It  is  narrowest  at  the  south,  measuring  75  or  80  miles  in  width,  and  widest  at  the  north,  where  it  is  about 
200  miles  wide.  Its  greatest  length  is  about  480  miles.  The  coastline  runs  in  a  southwesterly  direction  at  the  north, 
then  south,  ancl  finally  Avest  in  the  southerly  part  of  the  region. 
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2. — Geogeaphioal  and  continental  position. 

The  district  considered,  being  situated  at  the  northeasterly  corner  of  the  United  States,  bounded  on  the  cant 
and  south  by  the  ocean,  has  an  exposure  which  is  maritime  to  an  unusual  degree.  Not  only  are  the  winds  maritime 
from  the  south,  southwest,  east,  and  northeast,  but  also  those  from  the  north  and  northwest  are  far  from  bearing 
the  character  of  land  winds,  having  passed  over  considerable  areas  of  water  in  the  more  northerly  part  of  the 
continent.  We  may  say,  therefore,  that  only  the  winds  from  southwest  to  northwest  are  distinctly  land  winds, 
arid,  and  unfavorable  to  the  amount  and  constancy  of  water-power.  The  winds  from  about  two-thirds  of  the  compass 
are  more  or  less  maritime.  The  ocean  exposure  of  tbe  district  on  the  south,  and  the  greater  proportion  of  oceanic 
winds,  are  especially  favorable,  contxasted  with  the  conditions  found  in  the  middle  states.  The  prevalent  winds 
through  both  regions  are  from  the  west  or  southwest,  but  it  is  the  winds  from  the  south  and  southwest  which  bring 
the  moisture.  In  New  England  these  winds  come  directly  from  the  ocean,  and  are  charged  with  vapor ;  in  the 
middle  states  they  have  been  in  great  part  robbed  of  their  moisture  in  their  passage  over  the  southern  states,  so 
that  this  region  obtains  most  of  its  rain  from  the  easterly  and  southeasterly  winds,  which  are  neither  so  frequent 
nor  so  warm,  and  hence  not  such  good  carriers  of  moisture  as  those  from  the  south  and  southwest.  The  rainfall 
over  New  England  is  therefore  larger  in  amount  and  more  uniform  in  its  distribution  through  the  year  than  that 
in  the  middle  states,  and  by  far  more  uniform  than  that  in  the  southern  states.  The  continental  and  geographical 
position  of  the  district  to  be  considered  is  therefore  more  favorable  to  the  existence  of  fine  water-powers  than  that 
of  any  other  region  on  the  Atlantic  slope,  and  probably  more  than  that  of  any  other  region  in  America. 

3. — TOPOGEAPHY. 

Topographically,  the  region  lies  entirely  on  the  eastern  slope  of  the  Appalachian  mountain  system,  and  in  a 
part  of  that  system  where  the  development  of  parallel  ranges  is  but  slightly  pronounced.  Unlike  the  streams  of 
the  middle  states,  which  take  their  rise  on  the  western  side  of  the  mountains,  on  an  elevated  plateau,  and  flow 
across  the  mountains,  their  tributaries  draining  a  series  of  parallel  and  narrow  valleys,  the  streams  we  are  to 
consider,  like  those  of  the  southern  Atlantic  states,  rise  on  the  eastern  flank  of  the  mountain  system  and  are 
confined  entirely  to  the  Atlantic  plain,  flowing  in  a  general  southeasterly  direction,  excepting  the  streams  in  the 
north  of  Maine,  which  flow  first  in  a  northeasterly  direction,  bending  afterward  and  flowing  southeast.  The  western 
Avater-shed,  or  divide,  of  the  district,  starting  from  Long  Island  sound,  at  the  ocean-level,  pursues  a  northerly 
course  through  Connecticut,  Massachusetts,  and  New  Hampshire  for  about  200  miles,  when  it  bends  slightly  toward 
the  east  and  continues  for  about  280  miles,  corresponding  for  a  short  distance  with  the  boundary  between  Maine 
and  Canada,  and  finally  passing  into  the  province  of  Quebec.  In  its  course  through  Connecticut  its  elevation 
above  the  sea  is  small,  but  it  gradually  rises  in  Massachusetts  and  New  Hampshire,  till  in  the  latter  state  it  reaches 
its  greatest  elevation  on  the  White  mountains,  beyond  which  it  gradually  falls.  From  this  main  divide  a  secondary 
one  branches  off  toward  the  east,  extending  almost  entirely  across  the  state  of  Maine,  from  the  sources  of  the 
PenobScot,  and  dividing  the  surface  of  that  state  into  two  slopes,  a  southern  and  a  northern.  In  all  the  region 
except  the  northern  slope  of  Maine  the  general  course  of  the  streams  is  south  or  southeast,  this  region  forming  the 
true  Atlantic  slope.  In  the  northern  slope  of  Maine,  which  comprises  an  area  of  about  7,400  square  miles,  their 
course  is  east- northeast. 

Of  the  three  parts  into  which  we  may  divide  the  Atlantic  plain  in  the  case  of  the  middle  and  southern  states,  viz, 

the  eastern,  the  middle,  and  the  western  or  mountainous,  the  eastern  well-nigh  disappears  in  New  England,  being 

scarcely  found  except  in  eastern  Massachusetts  and  in  Rhode  Island.    The  fall-line,  which  bounds  that  region  on  the 

west,  and  which  marks  the  division  between  the  area  of  metamorphic  rocks  and  that  of  the  flat  and  low  Tertiary 

and  post-Tertiary  deposits,  runs  in  New  England  close  to  the  coast.     Grauite  is  found  withi«  sight  and  sound  of 

the  sea,  and  the  tidal  and  navigable  portions  of  the  rivers  are  of  short  length.    The  head  of  tide  is  always  the 

head  of  navigation,  and  at  this  point  there  is  generally  a  fall,  often  a  large  and  important  one.     The  mountain 

division,  unlike  that  of  the  middle  states,  is  likewise  of  small  importance,  partly  because  it  is  not  of  large  extent, 

and  partly  because  the  streams  within  it  are  generally  small.    It  is  confined  to  the  middle  and  northern  parts  of 

New  Hampshire  and  a  triangular  portion  of  Maine,  comprising  the  central  portion  of  the  state,  with  its  greatest 

breadth  on  the  west,  and  forming  the  divide  between  the  northern  and  the  southern  slopes.    In  this  region  there 

are  no  parallel  valleys,  no  considerable  streams  running  for  long  distances  without  any  large  affluents,  and 

consequently  less  severe  and  sudden  freshets  than  on  the  streams  of  the  middle  and  southern  states,  though  this 

is  due  in  great  measure  to  other  causes,  which  will  be  referred  to  in  the  proper  places.    The  arrangement  of  the 

mountains  in  clusters  and  irregular  ranges,  instead  of  in  long  and  parallel  ridges,  is  favorable  to  a  uniform 

distribution  of  the  rainfall  and  to  its  gradual  discharge.    The  mountain  region  is  here  neither  so  high  nor  so 

extensive  as  in  the  southern  states,  but  is  higher,  though  much  less  extensive,  than  in  the  middle  states.    Its  effect 

upon  the  water-power  of  the  streams  is  not  to  injure  it  particularly,  which  is  more  than  can  be  said  in  regard  to 

many  states  farther  south.    The  favorable  effect  of  the  small  extent  of  the  eastern  or  tidal  division  in  bringing  the 

water-powers  within  easy  re^ch  of  the  sea-board,  and  thus  facilitating  transportation,  need  not  be  dwelt  upon. 
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The  greater  part  of  the  regiou  is  occupied  by  the  true  Atlantic  plain,  or  middle  division,  comprising  the  southern 
slope,  and  extending  from  the  coast  to  the  foot  of  the  mountains,  averaging  about  50  miles  in  breadth.  It  comprises 
nearly  all  of  Ehode  Island,  Connecticut,  and  Massachusetts,  the  southern  part  of  New.Hampshire,  and  the  greater 
part  of  Maine.  Its  elevation  at  the  foot  &f  the  mountains  varies  from  about  300  to  500  feet,  being  greatest  near 
the  elevated  mountain  region  of  New  Hampshire ;  and  its  slope  toward  the  sea  is,  on  the  whole,  uniform,  extending 
across  the  whole  breadth  of  the  region,  and  quite  to  tide-water.  It  contains  almost  all  the  water-powers  of 
importance,  which  are  equally  abundant  in  all  parts,  existing  even  at  the  very  mouths  of  the  rivers,  where  they  are 
largest.  When  this  peculiarity  is  contrasted  with  the  condition  of  things  in  the  southern  Atlantic  states,  where 
the  streams  are  navigable  for  over  100  miles  from  their  mouths,  the  advantage  possessed  by  the  Sew  England  streams 
will  be  manifest,  in  regard  to  both  the  magnitude  of  the  powers  and  their  accessibility.  This  southern  slope,  which 
possesses  all  the  great  water-powers  of  the  region,  is  singularly  well  adapted  for  their  utilization.  The  streams  have 
a  rapid  fall,  those  having  their  sources  near  the  elevated  region  in  New  Hampshire  being  the  most  favored  in  this 
respect.  Their  beds  are  generally  of  rock  at  the  places  where  falls  occur,  with  drift  deposits  in  the  intermediate 
distances,  and  their  bants  are  uniformly  high  and  firm.  Unlike  the  southern  streams,  there  are  no  swamps  or 
meadow-lands  of  importance  along  their  courses,  so  that  even  in  high  freshets  very  little  land  is  overflowed.  Dam 
succeeding  dam,  almost  the  whole  fall  of  many  of  these  streams  may  be  economically  utilized.  The  country  is 
moderately  hilly,  a  fact  already  referred  to  as  favorable.  The  river  valleys  and  the  streams  also  are  narrow  at  the 
places  where  falls  occur,  so  that  often  only  short  dams  are  necessary.  The  streams  are  not  navigable  on  account 
of  their  many  rapids,  and  consequently  are  principally  used  for  power. 

The  slope  of  northern  Maine  is  gradual,  and  the  streams  in  that  region  are  sluggish ;  and  the  general  slope  of  the 
entire  region  toward  the  east  is  so  small  that  the  current  of  the  Saint  John  river,  which  drains  it,  is  very  moderate. 
On  this  slope  there  are  large  areas  permanently  swampy,  rapids  and  falls  are  not  numerous,  and  no  large  powers 
are  known.  The  divide  separating  it  from  the  southern  slope  is  not  high  and  sharp,  but  in  places  is  very  flat  and 
swampy.  The  waters  of  the  southwest  branch  of  the  Saint  John  and  those  of  the  northwest  branch  of  the 
Penobscot  come  in  part  from  the  same  swamps,  a  phenomenon  which  also  occurs  in  other  places. 

The  most  important  point  connected  with  the  topography  of  the  region  we  are  considering,  as  regards  its 
influence  on  water-power,  is  the  large  number  of  lakes  and  ponds  which  exist,  and  the  enormous  facilities  for  storage. 
The  beneficial  effects  of  lakes  are  well  known,  and  have  already  been  briefly  referred  to.    Not  only  do  they  serve 
as  reservoirs  to  receive  the  waters  tributary  to  them  and  give  them  out  gradually,  thus  lessening  the  violence  and 
the  suddenness  of  freshets,  and  increasing  very  greatly  the  flow  in  dry  seasons  of  the  stream  below,  but  they  also, 
when  deep,  serve  to  lessen  the  loss  by  evaporation  by  exposing  a  smaller  surface  to  the  rays  of  the  sun,  and, 
moreover,  serve  to  keep  the  water  warm  beneath  the  covering  of  ice  which  forms  early  in  the  winter,  and  in  this 
way  contribute  to  lessen  the  trouble  experienced  below  with  ice-jams,  floating  ice,  or  anchor-ice.    Not  only  islittle 
ice  carried  down  the  rivers  from  the  ponds,  but  a  much  smaller  quantity  is  formed  below.    This  element  is  especially 
important  in  a  region  like  New  England,  where  the  winters  are  severe  and  interruptions  due  to  ice  sometimes  occur. 
It  is  therefore  very  important  to  observe  that  the  number  of  lakes  in  this  district  is  very  large  indeed.    Wells  states 
that  there  are  connected  with  the  rivers  of  Maine  alone,  not  counting  small  ponds  and  a  large  number  of  ponds  in 
the  forest  region  of  the  state  not  represented  on  any  map,  over  1,620  lakes,  covering  together,  probably,  at  least 
2,300  square  miles  in  area.     Of  this  number,  1,568  are  in  the  state  of  Maine,  covering  a  total  surface  of  2,200  square 
miles,  there  being  one  lake  to  every  20  square  miles  of  territory,  and  one  square  mile  of  lake  surface  to  every  14.3 
square  miles  of  territory.    In  New  Hampshire  and  Massachusetts  lakes  are  not  so  numerous,  but  still  sufBcient  in 
number  to  be  of  very  great  benefit.    It  is  in  New  Hampshire,  in  fact,  that  the  lakes  are  used  to  the  best  advantage,  as 
we  shall  have  occasion  to  show.     In  the  part  of  this  territory  not  including  Maine  we  may  count  upon  the  map  several 
hundred  lakes  and  ponds,  covering  probably  not  less  than  150  square  miles.    In  regard  to  these  lakes  it  is  important 
to  notice  that  the  lafger  ones  are  generally  situated  neat  the  headwaters  of  the  rivers,  at  a  considerable  elevation 
above  the  sea.    Were  there  only  a  few  lakes,  and  near  the  headwaters  of  the  large  rivers,  those  rivers  near  their 
mouths  would  be  subject  to  quite  heavy  freshets,  for  the  lakes  would  only  regulate  the  stream  flowing  directly  from 
them ;  but  as  almost  every  tributary  of  the  large  rivers,  from  source  to  mouth,  is  also  provided  with  lakes,  the  effect 
of  the  large  number  and  elevated  position  of  the  lakes  is  to  render  the  flow  of  almost  all  the  streams  comparatively 
(Constant.    Not  only  are  there  these  natural  reservoirs,  but  there  are,  through  all  the  region  considered,  excellent 
'  facilities  for  artificial  storage.    The  lakes  may,  in  most  cases,  easily  be  converted  into  storage  reservoirs,  as  is,  in 
fact,  generally  done  for  log-driving  purposes,  and,  in  addition,  artificial  ponds  may  be  formed  in  many  places. 
Wells  gives  the  average  depth  which  pan  be  controlled  in  the  lakes  of  Maine  as  not  less  than  8  feet.    The  following 
table,  taken  principally  from  his  report,  will  show  the  elevations  above  tide  of  some  of  the  principal  lakes  in  the 
district  treated  in  this  report : 
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Elevation  of  a  fcir  of  the  larf/cst  lalces. 

Mooseliead 1  O'.'l! 

Wood 1  (|((.i 


Attean 1  p(j4 

Long  pond 1^094 

Schoodic  (about) IKIO 

Sol.ioc  (about) :i7r, 

Baskahegan  (about) 400 

Pamcduincook,  the  Tvrins,  and  Milinoket  (about) .'>()0 

Ripogcuus STS 

Chesuncook S)oo 

Cauquomgomoc  (about) 930 

Squa wpau  (about) , r-tfO 

Sfbago 047 

Umbagog .' X  '2'iG 

Wiunipiseogee 501 

'^quam 510 

Newfound ",97 


MoiTvinciiting 589 

Kiihardson 1,456 

Moosc'lucmaguutic 1,486 

Kangelpy 1,511 

Slattagamon  (about) 850 

Chumboi'laiu 926 

romgocwabom  and  Cliiircbill 914 

Allngnasli  (about) '. 950 

Eaglo 579 

Square  and  Cross 587 

Long 603 

Portage  (about) 625 

Fish  river  (about) 6fi0 

Cbiputneticook 382 

Cliiputneticook  Grand 449 

Great  East  pond 499 

OsNipeelako 408 


In  order  to  give  an  idea  of  the  value  of  this  elevation,  we  may  mention  that  lake  Itasca,  at  the  headwaters  of  the 
Mississippi,  is  only  about  1,575  feet  above  the  sea,  which  is  over  a  thousand  miles  distant;  and  that  lake  Superior  is 
at  a  height  of  only  630  feet,  though  1,800  miles  from  the  sea.  jSTo  other  district  of  equal  size  in  the  Union,  it  may  be 
.safely  asserted,  contains  so  many  lakes  at  such  high  elevations,  the  fall  to  the  ocean  taking  place  within  its  limits. 
These  lakes  being  large,  as  well  as  the  streams  flotving  from  them,  their  effect  is  to  increase  very  greatly  the 
theoretically  available  power  of  the  latter. 

If  we  were  to  sum  up  in  a  few  words  the  effect  of  the  topography  of  this  district  on  the  water-power,  we  should 
say  that  it  is  favorable  in  every  respect,  contributing  not  only  to  constant  flow,  but  affording  numberless  falls  easily 
utilized. 

4.— Geology;  soils,  and  forests. 

Geologically,  this  district  belongs  almost  entirely  in  the  region  of  metamorphic  rocks.  A  large  part  of  it  is 
underlaid  with  granite  and  allied  rocks,  which  occupy,  according  to  Wells,  an  area  of  13,500  square  miles  in  Maine, 
comprising  the  whole  region  west  of  the  Kennebec,  3,400  square  miles  being  almost  exclusively  underlaid  with 
granite.  In  N^ew  Hampshire  the  entire  valley  of  the  Merrimack,  as  well  as  that  of  the  Saco,  is  granitic,  and  large 
areas  in  Massachusetts  are  also  underlaid  with  the  same  rock.  A  belt  of  it  extends  along  the  coast  of  Maine  in 
its  whole  extent,  and  large  quantities  are  shipped  to  other  parts  of  the  country.  That  part  of  the  region  not 
underlaid  with  granitic  rock  is  underlaid  with  hard  slates  and  schists,  with  their  strike  nearly  at  right  angles  to  the 
general  course  of  the  rivers,  so  that  the  latter  tumble  over  the  upturned  edges  of  those  strata,  and  often  form  falls  of 
considerable  magnitude.  The  most  important  fact  connected  with  the  rocks  as  regards  water-power  is  their  great 
hardness  and  their  disposition  on  the  southern  slopes,  where  the  water-power  is  for  other  reasons  most  favorable. 
As  the  streams  cross  their  upturned  edges,  ledge  after  ledge,  numerous  falls,  rapids,  and  cascades  are  formed  in  all 
parts  of  the  region,  from  the  mountains  to  the  sea.  These  falls  are  permanent,  which  would  not  be  the  case  were 
the  rocks  soft,  disintegrable  sandstone  or  limestone.  Farther,  not  only  are  good  building  materials  everywhere 
abundant,  but  the  facilities  for  the  location  of  mills  on  solid  foundations  are  unsurpassed. 

The  soil  through  the  whole  of  New  England  is  comparatively  shallow,  and  is  generally  clayey  or  sandy  in 
character.  The  rock  is  much  exposed  over  the  whole  region,  and  there  is  little  alluvial  soil.  Were  the  rainfall 
very  unevenly  distributed  through  the  year,  and  were  there  no  facilities  for  storage,  this  shallowness  of  the  soil 
would  be  very  unfavorable,  and  the  water  woujd  be  rapidly  shed  from  the  rock  surfaces,  rendering  the  streams 
very  variable  in  flow.  But  we  .shall  see  that  the  rainfall  is  very  uniformly  distributed  through  the  year,  though  in 
a  way  favorable  to  constancy  of  flow,  and  this  renders  the  shallowness  of  the  soil  of  less  detriment.  Considerable 
beds  of  drift  exist  in  places,  but  there  are  few  sand-hill  streams  like  those  on  the  coast  of  New  Jersey  or  in  the 
southern  states,  there  being  few  or  none  in  Maine  and  New  Hampshire,  and  only  a  few  small  ones  in  Massachusetts 
and  Ehode  Island. 

The  forests  are  very  extensive  in  the  region  we  are  considering.  It  is  estimated  that  in  Maine  there  are  19,300 
square  miles  of  wilderness,  and  perhaps  21,200  square  miles  of  woods  in  all.  In  New  Hampshire  the  mountains 
are  densely  wooded  around  their  bases,  though  the  ridges,  and  especially  the  summits,  are  often  bare.  In 
Massachusetts  and  Ehode  Island  the  woods  are  less  extensive.  These  woods  are  located  very  favorably  where  they 
are  likely  to  be  long  permanent,  and  being  principally  evergreen,  they  shade  the  ground  at  all  seasons,  thus 
checking  evaporation,  lessening  the  violence  of  winds,  and  so  increasing  the  amount  of  water  discharged  by  the 
streams.  For  a  statement  of  the  effects  of  forests,  reference  may  be  made  to  the  introduction  to  the  Eeport  on  the 
Southern  Atlantic  Water-shed.  Their  favorable  influence  is  generally  recognized,  yet  it  must  be  remarked  that 
their  destruction  would  be  much  less  detrimental  here  than  in  regions  where  there  are  no  lakes,  where  the  rainfall  is 
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very  unevenly  distributed,  where  the  temperature  is  high,  or  where  the  country  is  more  mountainous.  Most  dense 
at  the  foot  of  the  mountains,  the  woods  of  Few  England  operate  to  check  the  torrents  rushing  from  their  rocky 
sides,  and  hence  to  mitigate  very  essentially  their  unfavorable  effects. 

5. — Tidal  watee-powek. 

The  economical  use  of  tidal  water-power  requires  not  only  a  suflBcient  rise  and  fall  of  the  tides,  but  also  a 
topography  along  the  coast  favorable  for  the  location  of  buildings  and  for  the  construction  of  basins  in  which  to 
store  the  water  at  high  tide.  In  all  these  respects  the  coast  of  Few  England  is  more  favorable  than  any  other  part 
of  the  Atlantic  coast.  The  rise  of  the  tide  varies  from  5.1  feet  at  Providence  to  10  feet  at  Boston,  8.6  feet  at 
Portsmouth,  and  18.1  feet  at  Eastport,  thus  increasing  quite  regularly  from  south  to  north,  and  averaging  11.6  feet 
on  the  coast  of  Maine.  South  of  Maine  the  average  rise  for  the  whole  Atlantic  coast  is  only  5.2  feet.  Moreover, 
the  coast  of  IsTew  England,  especially  in  Maine,  is  rock-bound,  so  that  there  is  no  trouble  with  regard  to  proper 
foundations;  and  finally,  the  coast-line  being  very  irregular  and  indented  -with  numberless  bays  and  inlets,  there 
are  no  difficulties  as  regards  storing  the  water  in  suflacient  quantity,  (a)  Tidal  power  is  used  at  a  few  places  in 
Massachusetts,  but  principally  in  Maine,  and  it  is  in  that  state  that  the  conditions  are  most  favorable.  It  can  be 
used  there  for  sixteen  hours  out  of  twenty-four,  and  is  used  principally  for  saw-,  grist-,  and  plaster-mills.  There  is 
no  trouble  with  ice,  and  the  facilities  for  transportation  by  sea  or  land  are  of  the  best. 

6.— Climate. 

The  principal  climatic  conditions  of  the  region  under  discussion,  in  so  far  as  they  affect  the  water-power,  will 
be  briefly  given. 

(a)  Coast-line  and  ocean-cxjreents. — The  coast-line,  which  measures  nearly  450  miles,  following  its  general 
course,  is  so  indented  as  to  make  its  real  length  perhaps  ten  times  as  large.  It  is  washed  by  the  cold  polar  current 
which  flows  between  the  coast  and  the  warm  waters  of  the  Gulf  stream,  so  that  the  winds  from  the  east  and  northeast, 
though  maritime,  are  cool,  while  those  from  the  south  and  southwest  are  much  warmer. 

(6)  Winds. — The  winds  are  variable,  rarely  blowing  from  one  direction  for  more  than  a  few  days.  The  prevailing 
winds,  however,  are  from  the  west,  southwest,  or  northwest,  in  all  parts  of  the  region.  In  summer,  winds  from  the 
southwest  are  most  frequent ;  in  winter,  those  from  the  northwest,  while  winds  from  between  south  and  east  are 
least  frequent  of  all,  occurring  principally  in  summer.  The  resultant  wind  for  the  year,  which  shows  the  general 
direction  of  the  motion  of  the  atmosphere,  is  always  from  a  point  between  north  and  west.  In  summer  the  resultant 
is  from  south  of  west,  and  in  winter  from  north  of  west. 

(e)  Tempeeatuee. — The  mean  summer,  winter,  and  annual  temperatures  are  quite  different  in  different  parts  of 
the  region  we  are  considering.  The  mean  annual  temperature  varies  from  40°  in  the  north  to  48°  or  50°  in  the  south; 
the  mean  summer  temperature  from  about  62°  in  the  north  to  68°  in  the  south ;  and  the  mean  winter  temperature 
from  12°  or  14°  in  the  north  to  28°  or  30°  in  the  south.  As  compared  with  the  middle  and  southern  states,  the 
mean  annual  temperature  is,  speaking  roughly,  from  8°  to  15°  lower,  while  the  mean  summer  temperature  is  from 
5°  to  10°,  and  the  mean  winter  temperature  12°  to  20°  lower.  For  more  extended  data  we  must  refer  to  the  Report 
on  the  Southern  Atlantic  Watershed  and  the  publications  of  the  Smithsonian  Institution.  The  most  important 
point  to  be  noticed  is  the  fact  that  although  the  mean  annual  temperature  is  considerably  lower  than  that  in  the 
middle  and  southern  states,  this  is  due  not  so  much  to  a  lower  summer  temperature  as  to  a  lower  winter  temperature. 
The  table  of  extreme  observed  temperatures  which  will  be  given  in  the  Eeport  on  the  Southern  Atlantic  Water-shed 
shows  that  the  highest  observed  temperatures  in  Maine  and  in  Alabama  are  almost  the  same;  and  the  table  of 
average  temperatures  of  hottest  and  coldest  months,  also  given  in  the  same  report,  shows  very  clearly  that  there 
is  much  greater  difference  between  the  coldest  months  in  New  England  and  those  in  the  southern  states  than  there 
is  between  the  hottest  months  in  those  localities.  On  account  of  the  cold  current  flowing  along  the  coast  of  New 
England  the  temperature  of  that  region  is  lower  in  summer  than  that  of  the  regions  farther  inland,  while  its  mean 
winter  temperature  is  higher,  so  that  the  yearly  fluctuation  is  less,  as  would  naturally  be  expected  from  its  position 
on  the  coast.  The  isothermals  run  generally  parallel  to  the  parallels  of  latitude,  the  mean  annual  temperature 
decreasing  from  south  to  north.  Compared  with  other  parts  of  the  country,  the  annvial  fluctuation  of  temperature 
is  greater  in  New  England  than  in  the  southern  sea-board  states,  but  less  than  in  the  inland  states.  Regarding 
the  winter  temperature,  the  principal  point  to  be  noticed  is  that  it  is  below  the  freezing  point.  The  severity  of 
the  winter  in  New  England  is  productive  of  some  difficulty  in  keeping  the  wheels  and  canals  clear  of  ice,  but  this 
trouble  is  generally  considered  to  be  greater  than  it  really  is  by  those  in  states  more  favored  in  this  respect.  Indeed, 
the  trouble  carries  with  it  its  own  corrective.  Before  the  lakes  and  ponds  freeze  over  In  the  winter  some  trouble  is 
experienced  from  floating  ice  and  from  anchor-ice,  but  as  soon  as  they  freeze  over  permanently  this  trouble  ceases, 
the  covering  of  ice  keeping  the  water  warm  beneath  it.    Floating  ice  may  be  kept  out  of  the  canals  by  suitable 

a  The  coast-line  of  Maine,  -which  is  226  miles  long  in  a  direct  line,  measures,  with  all  its  indentations,  from  2,000  to  3,000  miles 

Wells  :  Water-pmoer  of  Maine,  p.  34. 


WATER-POWER  OF  EASTERN  NEW  ENGLAND.  7 

fenders,  but  at  night  it  sometimes  forms  iu  them,  and  has  to  be  run  out  in  the  morning  if  it  is  thick  enough  to 
diminish  too  greatly  the  capacity  of  the  canals.  Anchor-ice,  which  forms  at  the  bottom  of  the  canals  in  small 
particles  and  rises  to  the  top,  filling  the  races,  racks,  and  flames  with  a  mass  of  slush,  is  sometimes  very  troublesome, 
but  rarely  after  the  ponds  freeze  over.  On  the  whole,  the  interruption  due  to  ice  does  not  generally  extend  over 
morp  than  a  few  days  in  the  year,  and  in  the  case  of  some  of  the  large  powers,  where  pains  are  taken  to  prevent  it, 
no  trouble  at  all  is  experienced  in  running  the  machinery  all  the  time.  The  low  annual  temperature  is  favorable 
in  increasing  the  rainfall  and  dimiuishiug  the  evaporation,  and  so  contributing  to  the  flow  of  the  streams,  without 
impairing  the  habitability  of  the  region.    This  effect  would  be  greater  were  the  summer  temperature  lower. 

(d)  Eainfall. — We  have  to  do  here  with  a  part  of  the  country  falling  under  type  T,  according  to  the 
classification  followed  iu  the  Smithsonian  tables  of  rainfall  {Smithsonian  Contributions  to  Knowledge,  353,  second 
edition,  1 881).  The  characteristics  of  this  type  are  the  following:  "  Three  nearly  equal  maxima,  about  the  middle  of 
May,  August,  and  December,  and  one  principal  minimum,  about  the  beginning  of  February  ;•  the  range  between  the 
extreme  monthly  values  is  small ;  the  August  maximum  is  generally  the  highest."  The  stations  from  which  this 
type  is  constructed  are  18  in  number,  extending  from  Portland  to  Washington,  and  are  mostly  near  the  coast.  The 
monthly  rainfall  varies  from  0.84  of  the  mean  in  February  to  1.22  of  the  mean  in  August,  the  fluctuation  being, 
therefore,  38  per  cent,  of  the  mean  monthly  rainfall.  In  New  England  alone  the  fluctuation  is  rather  smaller,  or 
about  34  per  cent.,  the  monthly  rainfall  varying  from  0.85  to  1.19  of  the  mean.  In  the  Hudson  Eiver  valley  it  is  60 
per  cent.,  in  the  upper  Mississippi  valley  105,  on  the  southern  Atlantic  coast  140,  and  on  the  Pacific  coast  232  per 
cent.  From  the  fluctuation  alone,  however,  no  conclusions  can  be  reached  regarding  the  flow  of  the  streams,  for 
this  depends  upon  the  season  when  the  rainfall  Is  greatest,  as  has  already  been  indicated.  It  is  important  to 
notice,  however,  that  the  fluctuation  in  New  England  is  less  than  in  any  other  part  of  the  country,  or  that  the 
rainfall  is  more  uniformly  distributed  through  the  year.  The  fluctuation  seems  to  increase  a  little  as  we  go  north 
in  New  England,  and  also  as  we  recede  from  the  coast,  being,  iu  some  places  distant  from  the  coast,  nearly  or  quite 
twice  as  great  as  given  above ;  still,  it  is  nevertheless  true  that  in  no  part  of  the  country  is  the  rainfall  so  uniformly 
distributed  through  the  year  as  in  that  with  which  we  have  now  to  do. 

As  regards  absolute  amount,  the  mean  annual  rainfall  varies  from  between  44  and  50  inches  along  the  coast  and 
over  almost  the  whole  of  Connecticut,  Ehode  Island,  and  Massachusetts,  to  38  inches  in  the  north  of  Maine  and 
New  Hampshire,  diminishing  as  the  coast  is  receded  from.  The  rainfall  averages,  speaking  roughly,  about  11  inches 
in  spring,  11  in  summer,  12  in  autumn,  and  10  in  winter,  except  near  the  coast,  where  it  is  more  uniform. 

The  annual  rainfall  is  subject  to  an  extreme  fluctuation  of  about  50  per  cent,  of  its  mean  value,  this  being  about 
as  small  as  in  any  other  part  of  the  country.  Very  dry  or  very  wet  years  are  therefore  not  to  be  often  looked  for.  We 
see,  therefore,  that  both  from  year  to  year  and  from  month  to  month  the  rainfall  is  about  as  evenly  distributed  in  this 
district  as  in  any  other  part  of  the  United  States.  The  small  excess  in  summer  and  autumn  is  favorable  to  a 
constant  flow  of  the  streams,  and  would  be  very  important,  in  view  of  the  shallow  soil,  were  there  no  facilities  for 
storage. 

Snow  falls  to  a  considerable  depth  over  the  whole  region  in  question,  and  in  the  mountains  does  not  disappear 
till  late  in  the  spring,  remaining  on  the  ground  even  all  the  year  in  some  parts  of  New  Hampshire.  The  mean 
annual  depth  of  snow  at  seven  stations  in  Maine  has  been  found  to  be  about  83  inches,  but  in  the  other  states  it  is 
less.  The  fact  that  in  winter  nearly  all  the  precipitation  is  iu  the  shape  of  snow  has  an  important  effect  on  the  flow 
of  the  streams.  When  the  ground  freezes  it  becomes  nearly  impervious  to  moisture,  so  that  during  the  winter  almost 
all  the  water  reaching  the  streams  is  that  derived  from  springs,  fed  by  rains  of  the  earlier  months,  and  that  due  to 
the  melting  of  the  snow,  which  runs  directly  from  the  ground.  If  the  snow  stays  on  the  ground  all  winter,  with 
no  warm  periods  sufBcient  to  melt  much  of  it,  the  streams  are  apt  to  run  very  low.  If,  on  the  other  hand,  the 
snows  are  liable  to  be  carried  off  suddenly  by  short  periods  of  warm  weather,  the  streams  will  be  subject  to  severe 
freshets.  In  this  district,  and  especially  in  the  northern  part  of  it,  the  snows  remain  on  the  ground  all  winter,  and, 
protected  by  the  forests,  they  often  are  dissolved  very  gradually  before  the  approaching  heat  of  summer,  and 
disappear  much  less  suddenly  than  in  the  middle  states.  Though  the  rivers  in  both  regions  are  subject  to  spring 
freshets  when  the  snow  goes  off,  those  in  this  district  are  in  general  less  sudden  and  severe  than  those  on  streams 
farther  south,  and  they  are  less  liable  to  be  accompanied  by  ice-jams,  because  the  ice  on  the  lakes  does  not  go  out 
until  it  has  become  melted  to  such  an  extent  as  to  be  rotten  and  of  little  danger,  while  the  streams  below  them,  as 
has  been  remarked,  are  not  so  liable  to  have  large  masses  of  floating  ice.  Though  the  streams  are  subjecf  to  a 
winter  drought,  that  drought  is,  in  general,  not  so  severe  as  that  which  occurs  in  summer,  and  is  therefore  not 
detrimental  to  the  use  of  power.  The  fact  that  the  freshets  and  ice-jams  are  not  so  severe  here  as  in  the  states 
farther  south  is  one  of  greiat  importance.  Eises  of  60  feet,  such  as  occur  on  some  of  the  western  and  southern 
streams;  are  unknown  here,  and  even  the  greatest  recorded  rise  of  the  Connecticut  at  Hartford  {29J  feet)  has  not 
often  been  reached  on  any  of  the  streams  we  are  to  consider. 

Another  favorable  feature  of  the  district  is  the  prevalence  of  fogs,  which  are  particularly  frequent  in  Maine. 
The  dense  fogs  formed  off  the  banks  of  Newfoundland  are  brought  in  by  the  northeast  winds,  and  often  involve, 
for  weeks  at  a  time,  a  considerable  portion  of  the  state,  especially  during  the  latter  part  of  summer.  Fogs,  in  fact, 
are  generally  associated  with  rain  in  Maine,  the  latter  falling  generally  quite  gradually,  and  not  so  much  in  sudden 
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showers  as  in  the  states  farther  south.  These  facts  are  important,  because  where  rain  falls  gradually  it  is  not  shed 
from  the  surface  so  rapidly,  but  has  more  chance  to  be  retained  in  the  ground  and  discharged  gradually;  and  where 
fogs  prevail  evaporation  is  diminished,  because  the  air  is  cool  and  moist,  and  the  rays  of  the  sun  are  intercepted. 
This  is  especially  important,  as  the  fogs  prevail  in  summer. 

7. — Flow  op  streams. 

We  have  discussed  already  the  general  principles  governing  the  flow  of  streams,  and  also  the  effect  exerted  on 
the  flow  by  the  various  general  circumstances  connected  with  the  district.  It  is,  therefore,  only  necessary  here  to 
show  how  the  estimates  given  in  the  following  pages  have  been  made. 

In  the  Eeport  on  the  Southern  Atlantic  Water-shed  reference  is  made  to  the  fact— which  follows  clearly  enough 
from  what  has  been  said  already  in  this  report— that  it  is  not  correct  to  assume  any  fixed  proportion  of  the  annual 
rainfall  as  discharged  by  the  streams.  In  the  following  report  estimates  are  given'  of  the  following  four  quantities 
regarding  flow : 

1.  The  absolute  minimum  flow.  , 

2.  The  minimum  low-season  flow. 

3;  The  maximum  flow  with  storage. 

4.  The  low-season  flow  in  dry  years,  but  not  the  driest. 

The  absolute  minimum  flow  can  only  be  estimated  by  comparison  with  results  of  gaugings  on  other  streams,  a 
Humber  of  which  are  given  in  the  table  on  page  9.  In  estimating  it,  it  is  best  to  assume  the  number  of  cubic  feet 
per  second  per  square  mile  of  water-shed,  and  all  the  circumstances  detailed  as  affecting  the  distribution  of  flow 
have  to  be  taken  into  account.  The  minimum  flow  is  of  course  all  that  can  be  depended  upon  permanently,  but  it 
occurs  at  such  rare  intervals  that  it  is  generally  advisable  to  utilize  a  larger  amount,  even  if  there  is  a  deficiency 
at  times. 

The  low-season  flow  in  any  year  is  the  flow  during  the  period,  of  from  three  to  eight  weeks,  when  the  stream  is 
lowest.  This  flow  is  different  in  different  years,  and  its  minimum  value  occurs  only  at  intervals  of  a*number  of 
years.  In  ordinary  years  the  flow  will  at  all  times  be  greater  than  the  minimum  low-season  flow,  except,  perhaps, 
for  a  day  or  two ;  in  very  dry  years  it  may  be  less  than  the  minimum  low-season  flow  for  several  weeks  at  a  time. 
The  minimum  low-season  flow  has  been  estimated  in  the  following  way  :  It  has  been  found  by  the  experience  of 
cities  in  regard  to  their  water-supply,  and  by  continued  gaugings  of  streams,  that  in  very  dry  years,  in  this  climate, 
the  total  amount  of  rainfall  discharged  by  streams  falls  as  low  as  from  12  to  15  inches  over  the  entire  drainage  basin. 
In  ordinary  years  a  larger  quantity  is  discharged,  but  at  intervals  of  from  five  to  ten  years  a  very  dry  year  occurs, 
when  the  total  flow  does  not  exceed  12  or  16  inches  over  the  water-shed.  Ha\  ing  assumed  an  annual  flow  of  from 
12  to  15  inches,  then,  by  dividing  it  by  13,  we  obtain  the  average  flow  per  month,  in  inches  on  the  water-shed. 
ISTow,  1  inch  on  a  square  mile,  flowing  off  in  a  month,  would  give  an  average  flow  of  0.884  cubic  feet  per  second; 
so  that  by  multiplying  by  0.884  the  average  flow  in  inches  per  month,  we  have  the  average  flow,  in  a  very  dry  year, 
in  cubic  feet  per  second  per  square  niile 

It  is  now  necessary  to  have  some  data  regarding  the  way  in  which  the  flow  varies  from  month  to  month,  and 
in  regard  to  this  some  figures  are  collected  and  shown  in  the  table  on  page  10.  By  multiplying  the  average  flow 
obtained  above,  by  the  ratio  which  the  flow  in  any  month  bears  to  the  mean — ^that  ratio  being  reached  by  a  study  of 
the  last-mentioned  table,  bearing  in  mind  all  the  local  circumstances — we  obtain  the  flow  in  that  month  in  the  year 
in  question.  The  minimum  low-season  flow,  though  not  to  be  depended  upon  permanently,  may  be  rendered  so  by 
a  small  amount  of  artificial  storage.  It  is  generally  advisable  to  utilize  a  larger  flow,  even  though  there  may  be  a 
deficiency  at  intervals. 

The  minimum  low-season  flow  occurs  in  the  driest  year,  but  not  necessarily  the  year  of  least  rainfall,  because 
it  is  not  the  amount  of  rainfall  alone  that  affects  the  flow.  Assuming,  however,  as  close  enough  for  practical 
purposes,  that  the  amount  of  flow  in  a  year  will  vary  directly  with  the  rainfall,  and  that  the  year  of  the  minimum 
low-season  flow  will  be  the  year  of  minimum  rainfall,  we  ma^  estimate  the  low-season  flow  in  other  years  by 
proportioning  it  to  the  rainfall.  The  Smithsonian  tables  show  that  the  minimum  annual  rainfall  is  about  0.7  of  the 
mean,  and  the  maximum  about  1.3  of  the  mean ;  and,  farther,  that  the  rainfall  in  ordinarily  dry  years,  but  not  the 
driest,  is  about  0.8  of  the  mean.  Having  found,  therefore,  the  minimum  low-season  flow,  we  may  approximate  to 
the  low-season  flow  in  ordinarily  dry  years  by  taking  eight-sevenths  of  it,  and  to  that  in  ordinary  years  by  taking 
ten-sevenths  of  it.  Further,  these  remarks,  in  connection  with  the  table  of  monthly  distribution  of  flow,  will  enable 
any  one  to  estimate  the  flow  during  any  number  of  months  in  any  year.  The  local  circumstances,  however,  must  be 
carefully  studied,  and  upon  the  judgment  shown  in  taking  them  into  account  will  depend  the  accuracy  of  the  estimates. 

If  sufficient  Storage  is  available  the  average  amount  of  water  discharged  in  any  year  may  be  utilized,  the 
quantity  in  excess  of  the  average  being  stored  up  and  delivered  in  times  when  the  natural  flow  is  less  than  the 
average.  The  quantity  which  can  be  depended  upon  permanently,  however,  is  evidently  that  which  flows  off  during 
the  driest  year,  or  the  smallest  quantity  which  flows  off  in  a  year ;  i.  e.,  12  or  15  inches,  according  to  what  has  been 
said  above.    By  building  storage  reservoirs  of  sufScient  capacity,  then,  we  may  utilize  perma-nently  a  quantity  equal 
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to  12  or  15  inches  in  a  year  over  the  whole  drainage  area,  flowing  ofif  uniformly.  By  dividing  this  by  12  and 
multiplying  by  0.884  we  obtain  the  number  of  cubic  feet  per  second  per  square  mile  of  water-shed.  The  amount 
of  storage  necessary  to  render  this  quautity  available  has  been  found  by  experience  to  be  3  or  4  inches  in  depth 
over  the  entire  water-shed.  With  small  drainage  areas  the  maximum  with  storage  may  be  utilized,  but  with 
drainage  areas  over  a  few  hundred  square  miles  in  area  the  storage  necessary  is  so  large  that  unless  specially  favorable 
circumstances  are  present,  such  as  lakes  which  may  easily  be  converted  into  artificial  reservoirs,  the  storage 
necessary  could  not  be  economically  provided  for.  In  the  case  of  large  streams,  then,  the  maximum  with  storage  is 
of  small  importance.  In  many  cases  the  flow  can  be  materially  regulated,  but  not  to  such  an  extent  as  to  render 
the  absolute  maximum  available. 

I  will  recapitulate  here  briefly  the  meaniug  of  the  four  quantities  estimated : 

1.  Absolute  minimum  flow:  May  be  depended  upon  always,  without  storage;  occurs  only  at  rare  periods; 
generally  a  large  excess. 

2.  Minimum  low-season  flow:  Flow  in  the  low  season  of  driest  year;  may  be  depended  upon,  without  storage, 
at  all  times  except  for  a  few  days  in  the  dry  season  of  each  year,  when  there  may  be  a  deficiency ;  with  small  storage, 
may  be  depended  upon  all  the  time. 

3.  Maximum  FLOW  WITH  STORAGE :  Mean  flow  in  driest  years;  storage  already  discussed ;  with  larger  storage, 
more  could  be  utilized  for  several  years,  but  not  permanently. 

4.  Low-SEASON  FLOW  IN  OEDINAEY  DRY  YEARS,  without  Storage:  May  be  depended  upon  except  in  the  dry 
season  of  each  year,  when  for  a  few  days,  perhaps  weeks,  there  may  be  a  deficiency ;  may  be  rendered  permanently 
available  by  storage.  This  last  quantity  is  the  most  important  of  the  four,  yet  in  each  particular  case  it  is  a  special 
problem  to  decide  how  much  power  may  be  economically  utilized. 

The  following  are  the  tables  referred  to : 

Extremes  of  flow  for  some  American  streams. 


River. 


Place. 


Merrimack Lowell. 


4,085 


MEAN  EAINFALL, 
IKCHES. 


Merrimack Lawrence 4,  599 

Concord Lowell '       361 

I 


Sudbury Framingham  ...  78 

Charles J^ewton  Upper         215 

,      FaUs. 

Hale's    brook,  \ '         24 

Mass.               I 
Connecticut  . . .  |  Uartford 10,  234 


3,287 
790 


338.  82 
20.37 


813 


962 
6,500  + 


1,800 


84 


19,  900 


Connecticut  . .. 

Daitmouth 

branch. 

Passaic - 

Paterson 

Do   

Belleville 

Lambertville  . . . 

Delaware 

Schuylkill 

Philadelphia.... 

Hackeueack  . . . 

Ohio 

Pittsburgh 

10 


13       9 


13  I     9 
12  ■  10 


Bemarks  on  character 
of  drainage  basin. 


43     Lakes  and  artidcial  res- 
V  ervoirs.    Wooded. 

43  ! do 

44  !  Stream  sluggish  and 
swampy.  Pew  woods. 
Hilly  and  rolling. 
Some  resarvoirs. 


44 
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81,  000 

96,  000  ± 
4,449 


11 

11 

12 

10 

4-1 

11  '  11 

12 

10 

44 

10 

12 

12 

10 

44 

10 

12 

12 

10 

44 

12 

12 

12 

10 

46 

12 

13 

13 

10 

48 

12 

13 

13 

10 

48 

12 

14 

12 

10 

48 

12 

14 

12 

10 

48 

11 

13 

11 

8 

44 

12 

14 

10 

9 

45 

12 

14 

12 

10 

48 

10 

12 

9 

10 

41 

1 

Hilly  and  swampy.  One- 
sixth  to  one-eighth 
wooded. 

Hilly  and  rolling 


Numerous  lakes  and 
artificial  reservoirs. 
Wooded.  Mountain- 
ous in  parts. 

.--.do 


Very  broken  and  xmdu- 
latory.  HUls  steep 
and  rocky.  Largely 
wooded.  Little  cul- 
tivated. 

Some  lakes  and  swamps. 
HiUy. 

-...do 


Hilly  and  rolling.  Many 
lakes.     Well  wooded. 

Hilly  and  rolling.  No 
lakes.  Some  reser- 
voirs. 

riat.  ISo  lakes  or  res- 
ervoirs, except  mill, 
ponds. 

HiUy  and  mountainous. 
No  lakes.     Wooded. 


207, 443 


25, 367 
1,109 


19,  944 
860,  000 


1,275 

1,400 
59.84 


2.80 

44 

3.24 
5,219 


1,006 
130 


50.80 


1,153 


500 


0. 407  2,  722 


178 

225.  60 
2,000 

[    307     ) 
i  378     S 


2,271 


9rd 

2  a 


88 
175 


0.31 
0.17 


0.036 

0.20 

0.135 

a  0.610 


0.306 
0.165 


0.150 


0.020 


0.22 


0.023 
0.300 

(0.2l) 

0.  33(?) 


0.114 


S  p. 


Authority  and  remarks. 


0.  Hei8(ihel. 

A.  Fteley. 

J.  P.  Kirkwood. 
J".  P.  Frizell. 
T.  G.  Ellis. 

0.  Herschel. 

H.  Loomis,  Eeport  New 
York  Committee  Public 
Works,  1879. 

J.  J.  E.  Croes  and  «.  W. 
Howell. 

J.  J.  E.  Croes. 


J.  J.  E.  Croes  and  G.  W. 
Howell. 
Do. 
Ashbel  Welch. 


E.  F.  Smith  and  H.  P.  M. 
Birkinbine. 

C.  D.  Ward. 


J.  H.  Harlow. 


a  Since  the  date  of  Ellis'  measurements  the  flow  of  the  Connecticut  has  been  as  low  as  between  0.25  and 


0  30  cubic  foot  per  second  per  square  mile,  on  good  authority. 
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River. 


Potomac - 


Do. 
Do. 


Koct  Creek  . 

Kanawha . . . 


O-reenbrier  .. 
Shenancloali  . 
James 


Nense  . 


Place. 


Extremes  of  flow  for  some  American  streams — Continued. 


Cumberland . . . 


Dam  !No.  5 . 

GreatFalls. 


Hoylc'a  mill  — 
Charleston  pool, 

Month  01  How- 
ard's creek, 

Ifear  Port  Re- 
public. 

Richmond 


Near  Raleigh . . 


4,640± 
11,  476 

64.40 
8,900 

870 

770 

6,800 

1,000 


MEAN  RAINFALL, 
INCHES, 


Remarks  on  character 
of  drainage  basin. 


Narrow  valleys.    Steep 
slopes.    "Wooded.   No 

lakes. 


.do  . 


Country     more     open. 
No  lakes. 


Mountainous.       Steep. 
No  lakes.    "Wooded. 

do : 


Hilly.  Limestone.  No 
lakes.    Many  springs. 

Mountainous  in  upper 
part.  No  lakes. 
wooded. 

Open.  Clay  and  loam. 
No  lakes.  Few  ex- 
tensive woods. 


EXTHEMEB  OF  FLOW. 


«5 


17,  900 


93,  772 
175,  000 


120,  000 


7.50 
1,100 


97 


128 
1,300 


255 
165 


ft® 


5  O 


0. 0783 
0.093 

0.114 
0.123 

0.120 

0.167 

0.191 


^Z 


^  ft® 

S.SS 
o 


0.458 


0.193 


Authority  and  remark*. 


W.  E.  Hntton  and  Patter- 
son. 

Quoted  by  "W.  E.  Hntton. 
"W.  E.  Hntton. 

Quoted  by  W.  E.  Hntton. 
GiJl,  Scott,  andHutton. 

McNeUl. 

James  Herron. 

H.  D.  Whitcomb  and  "W. 
E.  Cutshaw. 

"W.  C.  "Kerr.    Low- water. 


Monthly  distribution  of  flow. 

FLOW  IN  DET  TEAES. 


Elvers. 


Groton 

Concord 

Merrimack  -- 
Connecticut  . 
Schuylkill  (a) 

Croton 

Concord 

Herrimack . . . 
Connecticut  . 


339 

361 
4,  599, 
10,  234 
1,  800 


FLOW  IN  INCHES  ON  WATBR-SHED. 


0.  20  0.  35  0.  53  0.  63  0.  87 
0.25  0.32  0.36  0.43  0.54 
0.  680.  70  0.  77  0.  85 1.  00 
0.  65  0.  68  0.  71  0.  74  0. 
0.27  0.30  0.38  0.400.53 


xfl 


0.94 
0.68 
1.13 
0.90 
0.02 


05 


1.52 
0.85 
1..30 
1.28 
0.68 


n 


1,63 
1.07 
1.53 
1.51 
0.79 


1 

1.36 
1, 
1.80 


L90 
1.70 
2.55 
2.02 


0.  88  0.  88 


2.08 
2.15 
3.22 
3.28 
1, 


2.27 
3.62 
5.42 
4.71 
1.59 


RATIO  OP  MONTHLY  TO  MEAN  PLOW. 


14.  72  0. 16 
.13.  33  0.  22 
21. 13  0.  38 
19. 16  0.  41 
8.  50,  0.  38 


aj 


0.29 
0.29 

a.io 

0.43 
0.42 


0. 43  0.  51  0. 71 
0.320.390:49 
0.44'o.48'o.67 
0.  45  0. 46  0.  55 
0.  54I0.  57,0.  75 


0.77 
0.61 


1.24 
0.76 


0.  64  0.  74 
0.  56  0.  80 
0.  88^0.  96 


S 


1. 

0.96 

0.87 

0.95 

1.12 


1.  47  1.  55 
1.  23  1.  53 
1. 12  1. 45 
L  13  1.  26 
1.241.38 
I 


1.70 
1.94 
1.83 
2.05 
1.62 


1.85 
3.26 
3.08 
2.95 

:.24 


AVERAGE  FLOW  FOE  A  SERIES  OP  TEAES. 


339 

361 

4,599 

10,  234 


0.  58  0.  95,1  12 
0.39  0.46,0.51 
0.77  0.881.06 
0.  76  0.  850.  91 

I      !•    I 


0.  61  0.  76 

1.  26  1.  52 
1. 10  1.  34 


1.  83  2.  30j2.  57 
0.961.261.52 
1.  80  2. 12  2.  49 
1.  58  2.  002.  36 


2.77 
1.93 
3.03 
2.81 


3.02 
2.38 
3.73 
3.27 


3.  00  4.  86 
4  63  6.  56 

4.  62  6.  26 

I 


25.36 
18.62 
29.85 
27.75 


0.  26  0.  45  0.  53  0.  57  0. 
0  25  0.  30  0.  Ss'o.  39  0. 49 
0.  31  0.  36  0. 43'o.  51  0.  61 
0.33  0.37i0.39'o.47'o.  68 


0.86 
0.62 
0.72 


1.09 
0.81 
0.85 


I         I 


0.  68  0.  87 


1.21 
0.98 
1.00 
1.02 


1.  31 1. 43 
1. 24!l.  53 
1. 22[l.  50 
1.211.41 


1.70L90 
1.  93  3. 13 
L  86  2. 63 
1.  96,2. 71 


FLOW  IN  DET  YEAES  OF  STEEAMS  OF  SMALL  DEAINAGB  AEEA. 


Cochituate 

Croton,  West  branch  . 
Sudbury  

Passaic  headwaters  . . . 


19.00 
20.37 
78.00 


0.  08  e.  41 
0.  10  0. 17 

iO.  no.  16 


50-100  0. 11  0. 15 


0.  46  0.  47  0.  70 
0.46  0.53  0.67 
0.  25  0.  39  0.  57 
0.  2l'o.  27,0.  49 

I    I 


0. 88  0. 97 
0.  84  0.  98 
0.791.06 
0.  67  0.  90 


1.03 
1.02 
1.40 
1.22 


1.11 

2.31 
1.79 
1.77 


1.31 
3.37 
2.21 
L87 


1.47 
3.41 
2.77 
2.13 


2.26 
5.40 
5.0a 
3.65 


11.15 
19.26 
16.59 
13.44 


0. 09  0.  44  0.  50  0.  51  0. 75  0.  95 
lo.  06  0. 10  0.  28  0.  33  0.  42  0.  52 
0.08  0.110.18  0.28  0.410.57 
0. 10  0.13|0. 19  0.24  0.44  0.60 


1.03 
0.61 
0.77 
0.80 


1.11 
0.64 
1.01 
1.09 


1.20 
1.44 
1.29 
1.58 


1. 41 L  58 
2. 10  2. 13 
1.  GO  2. 01 
1.67|1.90 


2.43 
3.37 
3.  69 
3.26 


a  Charles  G.  Darrach,  in  Bngineering  I</ews,  April  3,  1880,  p.  122. 


9. — EiisuMi;. 


Eeviewing  what  has  been  written  in  the  previous  pages,  the  topogi'aphy  and  the  geology  of  the  region, 
aflfording  a  rapid  declivity  from  the  mountains  to  the  sea,  broken  by  sudden  falls  over  ledges  of  hard  rock;  the 
favorable  character  of  the  "bed  and  banks  as  regards  foundations  and  freedom  from  overflow ;  the  favorable 
arrangement  and  small  extent  of  the  mountain  region;  the  low  temperature,  causing  a  large  rainfall  and  a  small 
evaporation;  the  favorable  distribution  of  the  rainfall  through  the  year;  the  immense  facilities  for  storage;  the 
extensive  forests;  the  absence  of  very  destructive  freshets  and  ice-jams;  the  rock-bound  coast,  affording  facilities 
for  utilizing  the  large  rise  of  the  tide;  the  prevailing  fogs;  and  the  accessibility  of  the  region,  together  constitute 
an  array  of  favorable  circumstances  which  may  well  entitle  liTew  England  to  the  first  rank  as  a  water-power  district, 
as  the  detailed  account  of  the  different  streams  will  show. 
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Fig.  2.      MAP  OF  THE  DRAINAGE  BASINS  OF  EASTERN   MASSACHUSETTS. 
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II.— THE  COAST  STREAMS  SOUTH  OF  THE  MEREIMAOK. 

The  streams  flowing  into  the  Atlantic  between  the  Merrimack  and  the  Connecticut  possess  no  true  mountain 
district,  but  are  confined  entirely  to  the  middle  division,  or  Atlantic  plain,  which  covers  Ehode  Island  and  eastern 
Massachusetts.  Nevertheless,  their  fall  is  quite  rapid,  and  lying,  as  they  do,  close  to  the  most  populous  cities  of 
the  region  and  within  easy  reach  of  railroad  communication,  they  have  been  utilized  for  power  for  many  years,  and 
privilege  after  privilege  has  been  improved,  until  scarcely  any  are  left  idle.  By  a  system  of  reservoirs  their  flow 
has  been  rendered  in  many  cases  much  more  uniform  than  it  otherwise  would  be,  so  that  some  of  them  afford  a 
large  number  of  excellent  powers.  The  rainfall  over  the  whole  region  is  about  45  inches,  very  evenly  distributed 
through  the  year,  nearly  the  same  amount  falling  in  each  season. 

We  will  describe  the  streams  in  order,  commencing  at  the  south.  Passing  over  the  Mystic  river  and  several 
other  small  streams  not  worthy  of  a  description,  the  first  stream  which  is  to  be  noticed  is, 

THE  PAWOATUOK  EIVEE. 

This  stream  takes  its  rise  in  the  southern  part  of  Kent  county,  Rhode  Island,  and  pursues  first  a  southerly 
course,  for  a  distance  of  about  12  miles,  in  a  straight  line,  under  the  names  of  Queen's  and  Usquebaug  rivers. 
Turning  to  the  west,  it  then  pursues  a  tortuous  course  in  a  general  southwesterly  direction  for  about  the  same 
distance,  when  it  reaches  tide-water,  at  Westerly,  Ehode  Island,  about  5  miles  from  Long  Island  sound.  The 
stream  is  small,  draining  only  about  286  square  miles,  comprising  a  considerable  extent  of  flat  and  swampy 
country,  while  the  rest  is  hilly  and  rolling.  The  only  town  of  much  importance  through  which  it  flows  is 
Westerly,  the  head  of  navigation.  The  drainage  area  is  not  well  wooded,  and  there  are  few  lakes.  Some  artificial 
reservoirs,  however,  together  with  the  swamps,  serve  to  restrain  the  violence  of  the  floods,  and  suffice,  with  the 
mill-ponds,  to  regulate  the  flow  to  some  extent,  making  the  stream  quite  a  good  one  for  manufacturing.  Its 
bed  and  bAnks  are  in  places  rocky,  but  are  generally  of  sand  or  gravel,  the  stream,  in  fact,  partaking  to  some 
extent  of  the  character  of  a  sand-hill  stream.  Its  fall  is  not  large,  but  is  completely  utilized.  It  is  not  subject  to 
severe  freshets,  and  little  ground,  outside  of  the  swamps,  is  overflowed,  a  rise  of  3  feet  being  seldom  exceeded. 
The  character  of  the  drainage  basin  is  not  such  as  to  favor  the  rapid  discharge  of  storm  waters,  and  the  regulating 
effect  of  the  swamps  and  mill-ponds  is  considerable. 

The  first  power  on  the  stream  is  at  Westerly,  where  the  rise  and  fall  of  the  tide  is  about  4  feet,  and  up  to  which 
place  boats  drawing  nearly  7  feet  ascend.  A  wooden  dam  5J  feet  high  ponds  the  water  half  a  mile,  affording  at 
low  tide  a  fall  of  5J  feet.  Power  is  used  on  both  banks,  on  the  left  by  the  Stillman  Manufacturing  Company's 
woolen-mill,  with  50  or  60  horse-power  during  about  eight  months,  while  at  other  times  the  power  is  almost  nothing; 
and  on  the  right  bank  by  the  Carmichael  Manufacturing  Company  (machine-shop  and  woolen-mill),  using  about 
100  horse-power  during  about  six  months.     The  mills  have  steam  in  reserve. 

Above  Westerly  there  are  a  number  of  woolen-  and  cotton-mills  on  the  stream,  all  the  sites  of  importance 
being  occupied.  Eeliable  data  regarding  the  power  of  these  mills  are  not  at  hand.  The  power  used,  however,  is 
much  in  excess  of  that  afforded  during  the  low  season,  so  that  generally  steam-power  is  in  reserve,  and  water- 
power  alone  is  not  depended  upon.  The  mill-ponds  suffice  to  store  the  water  at  night  in  dry  seasons,  but  the  swamps, 
not  being  controlled,  are  not  very  efficient  as  regulators  of  flow  during  the  year,  except  in  diminishing  the  violence 
of  freshets.    Full  capacity  is  not  generally  secured  for  over  nine  or  ten  months. 

Of  the  tributaries  of  the  stream  only  one  is  worthy  of  remark.  Wood  river,  which  has  its  sources  in  Kent 
county,  flows  nearly  south  through  a  distance  of  about  15  miles,  joining  the  Pawcatuck  at  Plainville.  It  drains 
about  83  square  miles,  and  resembles  the  main  river  in  all  essential  respects.  Like  it,  it  is  utilized  by  various  mills, 
but  in  dry  weather  the  power  is  very  small,  and  the  mills  have  to  use  steam  or  stop  running.  The  stream  has  a  few 
unutilized  privileges,  but  none  of  much  value. 

Of  the  lakes  and  ponds  connected  with  the  Pawcatuck  none  are  dammed  and  used  for  storage  except  some  on 

Wood  river.     Wordin's  pond,  which  comes  in  above  Holberton  hill,  is  the  largest  sheet  of  water,  and  is  connected 

with  swamps  of  considerable  size.     In  addition  to  this,  Pasqueset,  Watchaug,  and  School-house  ponds,  and  two  near 

Kingston,  are  not  used.     Connected  with  Wood  river  are  some  small  ponds  used  as  reservoirs,  of  which  a  few  may 

be  mentioned :  Tawcoog  pond  covers  from  500  to  550  acres  when  full,  and  can  be  drawn  down  about  16  feet,  containing 

•  sufficient  water  to  run  a  mill  below  for  some  three  months ;  and  Wincheck  pond,  just  below,  but  above  the  mill,  is 

said  to  cover  some  400  acres,  and  can  be  drawn  down  5J  or  6  feet.     Both  of  these  ponds  are  controlled  by  the  mill 

at  Eockville.    Blue  pond,  on  another  branch,  covers  some  200  acres,  and  Long  pond  is  smaller ;  besides  which  there 

are  other  and  still  smaller  ponds.    In  addition,  there  are  some  small  ponds  on  a  small  stream  joining  the  Pawcatuck 

at  Laureldale.    The  only  sites  not  used  are  a  few  small  ones  on  some  of  the  tributaries  of  the  main  stream. 

59 


12  WATER-POWER  OF  THE  UNITED  STATES. 

THE  PAWTUXET  EIVEE. 

This  stream  has  two  branches,  the  North  and  the  South,  the  latter  of  which  rises  in  the  western  part  of  Kent 
county,  and  pursues  a  generally  easterly  course  for  about  10  miles,  to  Eiverpoint,  where  it  meets  the  Korth 
branch,  which  has  its  sources  iu  Providence  county,  and  pursues  a  southeasterly  course,  draining  a  basin  about  16 
miles  long.  Prom  Eiverpoint  the  main  stream  pursues  a  northeasterly  course  for  about  8  miles,  emptying  into  the 
Providence  river  at  the  village  of  Pawtuxet,  or  about  5  miles  below  Providence.  The  area  drained  by  the  North 
branch  is  about  108  square  miles;  by  the  South  branch,  about  71  square  miles ;  by  the  main  stream  at  its  mouth, 
about  229  square  miles.  The  drainage  basin  is  undulating  or  hilly,  the  fall  of  the  stream  considerable,  the  bed  and 
banks  are  gravel,  rock,  and  sand,  the  banks  not  often  subject  to  overflow,  and  the  storage  facilities  good.  The 
entire  fall  is  utilized,  principally  by  cotton-mills,  there  being  no  unimproved  sites  of  importance  on  either  branch. 
The  flow  of  the  stream  is  variable,  yet  not  to  a  great  extent.  Indeed,  the  stream  is  called  one  of  the  most  permanent 
in  Ehode  Island,  and  there  is  no  trouble  whatever  with  freshets.  Numbers  of  artificial  reservoirs  are  connected 
with  the  stream,  and  are  used  for  the  benefit  of  the  mills.  The  following  is  the  information  I  have  been  able  to 
collect  regarding  them : 

1.  Almy  reservoir,  Simmons'  uijper  and  lower  reservoirs,  connected  with  Pochasset  river,  a  tributary  of  the 
main  river.    These  are  small  ponds,  and  no  further  data  are  at  hand  regarding  them. 

2.  Connected  with  the  South  branch  : 

a.  Tioga  reservoir,  in  the  southeastern  part  of  the  town  of  Coventry,  emptying  into  the  South  branch  between 
Washington  and  Anthony.  This  reservoir  covers  about  200  acres  and  can  be  drawn  down  14  feet,  but  is  Hot  used 
for  power.    It  is  opened  every  morning  and  shut  every  evening. 

h.  Carr  pond,  in  the  town  of  West  Greenwich,  joining  the  South  branch  between  Washington  and  Coventry 
Center,  covers  about  100  acres,  and  can  be  drawn  down  8  feet ;  allowed  to  flow  continually. 

c.  Plat  Eiver  reservoir,  on  the  South  branch,  between  Washington  and  Coventry  Center,  covers  1,000  acres, 
and  can  be  drawn  down  12  feet;  opened  every  morning  (except  Sunday). 

d.  Coventry  Center  reservoir,  above  Coventry  Center,  covers  about  300  acres;  can  be  drawn  down  8  feet. 
Average  depth,  about  6  feet. 

e.  Quidnick  reservoir,  in  the  town  of  Coventry,  at  th^  head  of  the  stream,  covers  some  980  acres,  (w)  and  can 
be  drawn  down  15  feet.    Estimated  capacity,  288,159,400  cubic  feet ;  built  in  1872  and  1873. 

3.  Connected  with  the  North  branch : 

a.  Westeonnaug  reservoir,  in  the  town  of  Poster,  covers  about  150  acres ;  can  be  drawn  13  feet ;  comes  into 
Ponaganset  river  between  Eichmond  and  Ponaganset. 

h.  Ponaganset  reservoir,  at  hea:d  of  Ponaganset  river,  in  the  town  of  Gloucester,  covers  225  acres ;  can  be 
drawn  down  25  feet  (?). 

c.  Moswansicut  pond,  in  the  towns  of  Scituate  and  Johnston,  on  the  Scituate  river,  covers  about  550  acres; 
can  be  drawn  down  8  feet. 

These  reservoirs  have  increased  the  low-water  flow  of  the  stream  by  a  very  large  proportion.  It  is  proposed 
to  build  a  new  one  on  the  Ponaganset,  in  the  town  of  Scituate,  where  it  is  estimated  that  a  dam  14  feet  high  could 
be  erected. 

The  first  power  on  the  Pawtuxet  river  is  within  half  a  mile  of  its  mouth,  or  about  24  miles  from  the  sea.  The 
power,  however,  is  very  small.  Above  it  there  are  two  cotton-mills  below  the  junction  of  the  two  branches,  using 
a  total  fall  of  25  feet.  The  mill  at  Pontiac  has  a  fall  of  only  5  or  6  feet,  while  that  at  Natick  has  a  fall  of  20  feet 
and  700  horse-power.    Both  mills,  however,  have  engines  in  reserve. 

On  the  South  branch  there  are  some  eight  cotton-mills,  with  a  total  fall  of  142  feet,  and,  in  all,  nearly  2,500 
horse-power.  -The  lowest  mills  are  two  of  the  Green  Manufacturing  Company,  using,  respectively,  8  feet  fall  and 
100  horse-power,  and  20  feet  fall  and  125  horse-power.  These  mills  use  no  steam-power,  and  are  therefore  sometimes 
obliged  to  stop  on  account  of  low  water,  being  dhly  able  to  run  at  full  capacity  about  ten  months,  with  no  waste  at 
night.  The  mills  above  generally  have  steam-power  in  reserve.  The  water  is  well  husbanded,  there  being  no 
waste  for  months  at  a  time  in  dry  weather.  No  trouble  is  experienced  with  ice  or  freshets,  4  feet  being  a  large 
rise.    There  are  two  small  powers  on  this  branch  said  to  be  not  in  use  at  present,  though  improved. 

The  North  branch  resembles  the  South  branch,  and,  like  it,  is  utilized  almost  completely,  principally  by  cotton- 
mills,  of  which  there  are  a  large  number  on  the  stream  and  its  various  tributaries.  The  bed  and  banks  are  generally 
rocky  where  there  is  any  fall.  On  the  upper  part  of  the  stream  and  on  its  tributaries  there  are  several  small 
powers  not  used,  but  none  of  consequence.  The  flow  of  the  stream  is  tolerably  uniform,  4  feet  being  a  very  large 
rise  in  a  freshet,  as  on  the  South  branch;  still,  the  latter  is  said  to  be  more  regular.  From  the  Ponaganset  reservoir 
to  tide  the  fall  is  said  to  be  240  feet.  Some  idea  of  the  capacity  of  the  stream  may  be  obtained  from  the  following 
data :  At  the  Clyde  print-works,  the  lowest  power  on  the  stream,  a  wooden  dam  7  feet  high,  with  a  canal  of  800 
feet,  affords  a  fall  of  14  feet,  and  240  horse-power  are  obtained  during  nine  or  ten  (?)  months,  there  being  no  waste 
at  night.     Steam-power  is  in  reserve,  as  is  the  case  with  almost  all  the  mills  on  the  stream. 


a  According  to  another  statement,  this  pond  is  "  a  mile  long  hy  tive-eighths  of  a  mile  wide" 
60 
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At  the  cotton-mill  of  the  Llppitt  Company,  the  next  above,  the  fall  is  14^  feet,  although  the  available  fall 
between  its  dam  and  that  below  is  said  to  be  17  feet.  A  power  of  150  or  200  horse-power  is  obtained  during  about 
eight  months,  steam  being  in  reserve.  In  dry  weather  there  is  no  waste,  and  the  power  runs  down  to  50  or  75 
horsepower. 

The  Pawtuxet  river  is  one  of  the  best  utilized  aud  improved  streams  in  this  district.  From  a  comparatively 
small  stream,  by  judicious  reservoiring,  a  large  amount  of  power  is  obtained. 

THE  WOONASQUATUCKBT  EIVER. 

The  Woonasquatucket  is  a  small  stream,  its  most  distant  sources  lying  in  Providence  county,  about  12  miles 
northwest  of  the  city  of  Providence,  and  its  drainage  area  measuring  only  about  72  square  miles.  Its  general 
course  is  southeast,  and  it  empties  into  the  Providence  river  at  the  city  of  Providence,  through  which  it  flows.  It 
drains  a  hilly  and  rolling  country,  and  its  fall  is  very  large.  Notwithstanding  its  small  size,  it  is  of  considerable 
importance  as  a  manufacturing  stream,  principally  on  account  of  the  large  reservoirs  near  the  headwaters,  which 
are  controlled  in  the  interests  of  the  mills  below,  and  regarding  which  the  following  facts  have  been  obtained : 

1.  The  Waterman  reservoir,  covering  318  acres  when  full,  has  an  average  depth  of  about  9  feet,  all  of  which 
may  be  drawn  off.  It  was  built  nearly  fifty  years  ago,  and  is  controlled  by  the  Woonasquatucket  Eeservoir  Company, 
consisting  of  the  mill-owners  below. 

2.  The  Slack  reservoir,  emptying  below  the  Waterman,  covers  153  acres,  with  an  average  depth  of  about  10 
feet.     It  was  built  about  sixty  years  ago,  and  is  controlled  by  the  Bernon  Manufacturing  Company. 

3.  The  Sprague  reservoir,  controlled  by  private  parties,  covers  95  acres,  with  an  average  depth  of  9  or  10  feet. 

4.  The  Hawkins  reservoir,  on  a  tributary,  and  controlled  by  private  parties,  covers  30  acres,  with  an  average 
depth  of  10  feet. 

5.  The  Georgia ville  reservoir,  or  pond  of  the  Georgiaville  mills,  covers  some  130  acres,  and  is  drawn  down  several 
feet.  It  is  said  that  these  reservoirs  hold  about  three  mouths'  supply  for  the  mill's  below.  By  means  of  them  this 
comparatively  insignificant  stream  has  been  transformed  into  an  excellent  source  of  power,  and  almost  its  entire 
fall  is  now" utilized,  principally  by  cotton-  and  woolen-mills,  there  being  no  good  sites  not  used.  According  to  the 
census  returns  there  are,  in  all,  12  mills  on  the  stream,  using  a  total  fall  of  204  feet  and  a  total  power  of  1,374 
horse-power.  The  fall  of  the  stream  below  the  Waterman  reservoir  is  probably  not  less  than  about  15  feet  per 
mile.  The  bed  and  banks  of  the  stream  are  generally  gravelly,  but  sometimes  rocky,  and  the  freshets  very  slight, 
the  flow  being  comparatively  constant  for  so  small  a  stream.  Nevertheless,  most  of  the  mills  have  steam-power 
in  reserve,  for  use  in  dry  seasons.  The  stream  is  one  of  the  best  examples  of  what  may  be  accomplished  by  a  system 
of  reservoirs,  although,  being  so  small,  its  flow  in  very  dry  seasons  is  almost  nothing. 

THE  BLACKSTONE  EIVER. 

This  stream,  the  most  important  one  south  of  the  Merrimack,  has  always  been  renowned  as  a  source  of  power, 
and  it  probably  turns  more  spindles  than  any  other  stream  of  equal  size  in  New  England.  Eising  in  Worcester 
county,  Massachusetts,  near  the  city  of  Worcester,  it  pursues  a  course  southward  and  eastward,  passing  into 
Ehode  Island,  and  emptying  into  the  Providence  river  at  Providence.  In  the  lower  few  miles  of  its  course,  below 
Pawtucket,  it  is  known  as  the  Seekonk  river.  It  passes  in  its  course  the  towns  of  Millbury,  Uxbridge,  Blackstone, 
and  others  in  Massachusetts,  and  Woonsocket,  Lonsdale,  Pawtucket,  and  others  in  Ehode  Island,  the  latter  being 
at  the  head  of  tide  and  of  navigation.  The  length  of  the  stream  from  its  source  to  Pawtucket,  measured  in  a 
straight  line,  is  about  38  miles,  and  its  drainage  area  above  that  point  measures  about  458  square  miles,  comprising 
a  hilly  and  rolling  country,  not  very  well  wooded,  and  with  good  facilities  for  storage.  Though  there  are  no  large 
lakes  in  the  basin,  there  are  numerous  small  ponds  and  reservoirs  used  for  storage,  so  that  the  stream  may  be  said 
to  be  very  well  reservoired,  and  its  flow  is  much  more  constant  than  it  otherwise  would  be.  The  freshets  are  never 
severe  enough  to  do  any  damage,  and  the  low- water  flow  is  very  large  for  a  stream  of  its  size.  The  bed  and  banks 
are  in  every  way  favorable  for  power,  being  often  rocky,  and  there  being  few  low  grounds  subject  to  inundation. 
The  valley  is  entirely  free  from  limestone,  the  rocks  being  almost  wholly  granitic,  particularly  about  the 
headwaters.  The  fall  of  the  stream  is  considerable,  and  there  are  a  number  of  natural  falls,  but  every  available  site 
has  long  been  utilized;  and  although  at  first  water-power  was  depended  on,  the  mills  have  gradually  increased  the 
amount  of  power  used,  until  now  they  are  obliged  to  use  considerable  steam  in  the  dry  season,  and  in  some  cases 
all  the  time.  The  large  number  of  ponds  and  reservoirs  and  the  great  number  of  mill-ponds  enable  the  entire 
flow  of  the  stream  during  the  dry  season  to  be  utilized  during  working  hours.  The  mills  are  principally  woolen- 
and  cotton-mills,  and  the  stream  is  closely  followed  for  its  entire  length  by  a  railroad,  so  that  every  point  is  easily 
accessible.  At  the  mouth  of  Mill  brook,  at  the  city  of  Worcester,  the  river  has  an  elevation  above  tide  of  438 
feet,  and  its  course  below  that  point  measuces  about  42  or  43  miles,  so  that  its  fall  is  not  less  than  10  feet  to  the 
mile,  which  is  very  considerable. 

Commencing  at  the  mouth,  the  various  powers  on  the  stream  will  now  be  considered.  ei 
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The  first  is  at  Pawtucket,  Ehode  Island,  where  there  are  two  dams.  The  lower  one  is  6  feet  high,  or  less,  and 
afiords  a  fall  of  about  18  feet.  The  power  afforded  is  used  on  both  sides  of  the  stream,  half  being  owned  on  each 
side.  On  the  east  side  is  D.  Goff  &  Sons'  braid-mill,  with  |f  of  the  power,  or  from  200  to  250  horse-power,  and  the 
Bridge  Mill  Paper  Company,  with  ff ,  or  about  100  horse-power.  On  the  west  bank  there  are  no  large  concerns, 
but  a  number  of  small  ones,  the  power  being  rented.  No  pains  are  taken  to  divide  the  water  accurately,  but  full 
capacity  can  generally  be  obtained.  The  second  dam,  only  a  few  hundred  feet  above  the  lower  one,  is  7  feet 
high,  and  ponds  the  water  for  three-quarters  of  a  mile.  It  is  used  on  the  east  bank  by  the  Dexter  Yarn  Company, 
owning  -^  of  the  entire  power,  and  the  "  White  mill",  let  to  various  tenants,  with  i|  of  the  entire  power.  On  the 
west  bank  are  the  "  old  Slater  mill",  a  yarn-mill,  the  upper  floor  being  let  to  small  establishments  at  about  $100' 
per  horse-power,  and  the  total  power  being  ^  of  the  entire  power ;  a  second  mill,  let  to  different  tenants,  owning 
If  of  the  whole ;  and  Littlefleld  Brothers'  thread-  and  yarn-mill,  with  ^  of  the  whole  power.  The  fall  at  all  the 
mills  is  82  inches,  and  the  distribution  of  the  water  is  effected  by  proportioning  tlie  apertures  to  the  quantity 
owned.  The  mills  run  eleven  hours  daily,  and  can  generally  run  all  the  year.  In  addition  to  the  mills  mentioned, 
two  other  mills  on  the  west  bank  obtain  water  from  the  upper  dam,  taking  their  water,  of  which  they  are  entitled 
to  23  cubic  feet  per  second,  through  a  separate  canal  500  feet  long.  The  first  mill  is  let  for  various  purposes,  and 
uses  a  fall  of  8  feet,  the  second  taking  the  same  water  and  discharging  it  below  the  lower  dam.  The  power  at 
Pawtucket  is  so  divided  up  among  a  number  of  small  establishments  that  no  accurate  statement  of  the  power  used 
can  be  mad«. 

The  next  power  is  at  Central  Palls,  where  power  is  used  on  the  west  bank,  with  a  fall  of  1 0  feet,  there  being 
the  foUowiug  privileges :  Stafford  Manufacturing  Company,  cotton  mill,  owning  H^  of  whole  power,  or  about  240' 
horsepower ;  a  privilege  belonging  to  the  Andrew  Jenks  estate,  not  occupied,  owning  -^^  ;  Thurber,  Horton  & 
Wood's  cotton-mill,  with'  ^g% ;  Central  Palls  woolen-mill,  with  ^g,  and  the  Pawtucket  Haircloth  Company,  with 
2*8%  of  the  whole.  The  total  power  used  is  stated  at  450  horse-power,  and  the  distribution  of  power  is  effected  by 
regulating  the  sizes  of  the  apertures.  Full  capacity  can  only  be  obtained  during  ten  months  or  so,  and  some  steam 
is  in  reserve,  (a) 

The  next  power  is  that  at  VaUey  Falls,  where  there  is  a  cotton-mill  on  each  side  of  the  river.  The  dam  is  of 
stone,  9  feet  high ;  the  fall  used,  13  feet,  and  the  power,  about  COO  horsepower,  during  nearly  the  whole  year.  Next 
comes  the  large  power  at  Lonsdale,  where  the  fall  is  about  12  feet,  and  both  steam-  and  water-power  are  used;  then 
the  mill  at  Ashton,  3  miles  above,  belonging  to  the  same  comj)anj',  with  about  the  same  fall.  Part  of  the  water  from 
the  Ashton  pond  is  carried  by  a  canal  on  the  west  bank  of  the  river  down  to  Lonsdale,  and  used  there  with  a  fall 
of  about  23  feet.  The  cotton-mill  at  Albion  has  a  fall  of  about  14  feet,  with  560  horse-power  used,  and  rather  more 
available  at  almost  all  times.  At  Manville  a  large  cotton-mill  uses  a  fall  of  18J  feet,  with  1,750  horse-power  during 
nine  months.  The  Hamlet  mills,  next  above,  use  about  10  feet.  At  Woonsocket  is  one  of  the  most  important 
privileges  on  the  river.  There  are  two  dams.  The  upper  one,  called  the  Globe  dam,  is  of  stone,  founded  on  ledge, 
about  210  feet  long,  and  supplies  mills  on  both  sides  of  the  river,  as  follows : 

On  the  right  bank  : 

1.  Globe  cotton-mills;  18.5  feet  fall;  200  horse-power  (owning  -f-^  of  total  available  power). 
On  the  left  bank ,: 

2.  George  C.  Ballon  &  Son's  cotton-mill ;  18.5  feet  fall ;  150  horse-power  (owning  ^^  of  total). 

3.  Harris' mill  No.  1;  not  running;  17  feet  fall;. 40  horse-power  (owning  ^f^  of  total.) 

4.  Mowry's  grist-mill ;  17  feet  fall ;  30  or  40  horse-power  (owning  jf ^  of  total). 

5.  Lyman  cotton-mill ;  17  feet  fall;  70  horse-power  (owning  -^^  of  total). 

6.  Bartlett  cotton-mill ;  17  feet  fall;  70  horse-power  (owning -J^  of  total). 

7.  Lippitt  woolen-mill;  15  feet  fall;  150  horse-power  (owning  2%%  of  total). 

8.  Harris'  cotton-mill  No.  5 ;  15  feet  fall ;  70  horse-power. 

9.  Harris'  woolen-mills,  Nos.  2,  3,  and  4 ;  15  feet  fall;  170  horse-power  (Nos.  8  and  9  together  owning  /g^  of 
total). 

10.  American  Worsted  Company;  16  feet  Ml;  150  or  200  horse-power  (owning ^8%-  of  total). 

Of  these  mills,  Nos.  2,  3,  4,  and  5  discharge  their  water  direct  to  the  river.  No.  6  discharges  into  a  rac& 
leading  to  No.  11,  viz : 

11.  Pond's  mill ;  8^  feet  fall ;  25  horse-power,  discharging  the  water  into  the  river  below  the  lower  dam. 
Nos.  7,  8,  9,  and  10  discharge  their  water  into  a  race  or  pond  leading  to  Nos.  12  and  13,  viz : 

12.  Groton  cotton-mills ;  14J  feet  fall ;  200  horse-power. 

13.  Clinton  cotton-mill ;  14J  feet  fall ;  300  horse-power. 

Nos.  12  and  13  both  discharge  the  water  into  the  river  below  the  lower  dam. 

The  capacity  of  the  stream  in  dry  seasons  is  insufficient  to  run  the  mills  above  mentioned,  and  almost  all 
have  steam-power  in  reserve,  in  some  cases  enough  to  drive  the  entire  machinery.    During  three  months  of  the 


a  The  power  given  as  owned  by  these  mills  does  not  correspond  with  the  figures  in  the  census  returns.     The  proportions  are  correct,, 
and  the  discrepancy  in  the  number  of  horse-power  is  due  to  some  inaccuracy  in  the  returns,  or  to  the  fact  that  some  of  the  mills  do  not 
use  all  the  power  to  which  they  are  entitled. 
02 
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year  steam  is  the  chief  dependence,  and  during  six  there  is  often  a  lack  of  water.  In  dry  seasons  there  is  no 
waste  at  any  time  of  the  day.  The  water  is  distributed  to  the  different  mills,  according  to  the  amounts  owned, 
in  the  following  manner :  In  the  flumes  leading  from  the  canal  to  the  mills  were  placed  weirs,  whose  lengths  were 
proportional  to  the  amounts  owned,  the  whole  river  being  at  first  considered  equivalent  to  a  weir  96  feet  long. 
These  weirs  are  not  all  on  the  same  level,  but  are  lower  at  the  lower  end  of  the  canal,  to  allow  for  the  fall  of  the 
water  surface,  the  intention  being  to  have  the  water  flow  over  all  weirs  at  the  same  depth,  at  average  stages  of 
the  water.  In  order  to  allow  greater  capacity  at  high  water,  all  weirs  were  subsequently  lengthened  by  one-half. 
The  proportions  of  the  entire  power  of  the  stream  owned  by  the  different  mills  are  inclosed  in  parentheses  in  the 
list  already  given.     Nos.  12  and  13  have  half  the  river,  and  of  this  No.  12  owns  two-fifths,  and  N"o.  13  three-fifths. 

The  lower  dam  at  Woonsocket,  which  receives  ^|f  of  the  entire  flow  of  the  stream,  supplies  the  cotton-mill  of 
the  Woonsocket  Manufacturing  Company,  the  fall  being  15  or  IG  feet. 

Above  Woonsocket  the  Blackstone  is  literally  lined  with  mills.  At  Waterford  a  woolen-mill  uses  a  fall  of 
about  11  feet.  At  Blackstone  the  mills  of  the  Blackstone  Manufacturing  Company  use,  in  all — with  a  dam  15  feet 
high,  a  canal  half  a  mile  long,  and  a  fall  of  32  feet — a  power  of  1,000  horse-power  during  eight  months.  Above 
this,  the  total  fall  used  on  the  main  river  below  Worcester  is  about  200  feet,  which,  added  to  that  below  and 
including  Blackstone,  makes  a  total  of  nearly  400  feet;  and  as  the  elevation  at  Worcester  is  only  438  feet,  it  is 
evident  thiat  about  all  the  fall  is  utilized.  It  would  be  hard,  in  fact,  to  find  another  stream  in  the  country  so 
completely  utilized.  A  few  unutilized  falls  are  sometimes  mentioned,  but  they  are  all  small,  and  probably  of  no 
value.    The  reservoirs  connected  with  the  stream  will  be  mentioned  under  the  head  of  its  tributaries. 

THE   TRIBUTAEIBS   OF   THE   BLACKSTONE. 

The  first  of  these  to  be  mentioned  is  Ten- Mile  river,  which  empties  into  the  Seekonk  from  the  east,  opposite  the 
city  of  Providence,  after  draining  an  area  of  about  51  miles,  principally  in  Massachusetts.  Within  a  few  miles  of  its 
mouth  there  are  said  to  be  three  powers  not  used,  the  sites  of  the  Cove  mill.  Hunt's  mill,  and  the  Central  mill,  with, 
in  all,  considerable  fall.  These  mills  were  burned,  and  the  powers  have  not  since  been  used.  The  principal  mills  in 
operation  on  the  stream  are  at  Hebronville,  where  the  fall  is  9  feet,  and  the  power  150  horse-power  during  part  of 
the  year,  and  scarcely  any  during  three  months ;  Dodgeville,  where  the  fall  is  12  feet,  and  Attleboro',  where,  at 
the  Mechanics'  mill,  the  fall  is  9J  feet,  with  80  horse-power  during  eight  months.  The  stream  is  very  small  and 
unreliable,  and  the  mills  depend  on  steam,  for,  notwithstanding  one  reservoir  used  for  regulating,  the  flow  is  almost 
nothing  in  summer.     On  the  upper  parts  of  the  stream  and  its  tributaries  are  some  large  falls  but  small  powers. 

Almost  all  of  the  small  tributaries  of  the  Blackstone  below  Woonsocket  afford  some  small  powers.  Mill  river, 
emptying  just  below  the  town,  runs  two  large  mills,  but  steam  is  depended  upon.  The  most  important  tributary  in 
Rhode  Island  is  the  Branch  river,  which  has  its  sources  in  Burrillville  and  Gloucester,  in  Providence  county,  Ehode 
Island,  and  partly  in  Massachusetts,  and  flows  in  an  easterly  direction,  draining  a  total  area  of  about  100  square 
miles,  and  entering  the  Blackstone  below  the  dam  at  Blackstone.  Being  fed  by  a  number  of  ponds  and  reservoirs, 
it  is  an  excellent  stream  for  power,  and  is  utilized  to  a  considerable  extent.  The  first  mill  as  the  stream  is  ascended 
is  near  the  mouth,  and  is  owned  by  the  Blackstone  Manufacturing  Company.  Between  it  and  the  mouth  of  the 
stream  some  fall  which  is  not  used  is  said  to  exist.  At  the  cotton-mill  of  the  Forestdale  Manufacturing  Company, 
just  above,  the  fall  is  16  feet,  and  250  horse-power  are  used  during  about  nine  months,  with  steam  for  dry  seasons. 
At  Slatersville  considerable  power  is  used  by  John  W.  Slater's  cotton-mills.  There  are  three  dams ;  from  the  upper 
one,  15  feet  high,  a  race  a  mile  long  affords  a  fall  of  18  feet  at  mill  No.  2,  which  uses  220  horse-power  all  the  year, 
and  discharges  the  water  to  the  lower  level ;  the  secohd,  which  is  21  feet  high  from  the  bed  of  the  stream,  serves  as 
a  reservoir  dam,  and  only  gets  the  waste  over  the  upper  one,  the  water  being  drawn  from  it  into  the  pond  below  and 
then  into  the  lower  level,  and  conducted  to  mills  Nos.  1  and  3,  which  use  20-feet  fall  and  about  250  and  130  horse- 
power respectively.  It  is  said  that  full  capacity  can  generally  be  obtained  nearly  all  the  time,  and  that  the  upper 
dam  could  be  raised,  and  an  additional  power  thus  obtained.  Above  this  point  there  are  four  woolen-mills  below  the 
Junction  of  the  two  headwaters  of  the  river — Clear  and  Chepachet  rivers.  On  the  Chepachet  river  there  are  a 
number  of  mills,  principally  woolen,  and  the  stream  is  fed  by  the  following  reservoirs  :  Keech  pond,  at  the  head, 
covering  about  280  acres,  with  a  range  of  about  8  feet,  and  Smith  and  Sayles'  reservoir,  covering  150  acres,  with  a 
range  of  6  feet.  These  ponds  are  controlled  by  the  mill-owners  below.  On  Clear  river  and  its  branches  there  are 
likewise  a  number  of  woolen-mills,  running  quite  constantly,  on  account  of  the  reservoirs  which  feed  the  stream,  of 
which  there  are  the  following:  Pascoag  reservoir,  area  about  550  acres,  range  about  16  feet,  and  Burlingame 
reservoir,  about  100  acres,  range  8  feet,  both  on  the  Pascoag  river ;  Wallum  pond,  800  acres,  range  13  feet,  and 
Wilson  reservoir,  250  acres,  range  11  feet,  both  on  Clear  river ;  and  Herring  poud,  a  natural  pond  covering  100  acres. 
The  Mumford  river,  which  enters  the  Blackstone  just  below  Uxbridge  and  drains  an  area  of  about  54  square 
miles,  is  fed  by  a  number  of  reservoirs,  and  is  well  utilized.  Its  flow  is  very  constant  considering  its  size.  At  its 
mouth  its  capacity  seems  to  be  150  horse-power  during  working  hours,  with  a  fall  of  15  feet  almost  all  the  year. 
It  is  utilized  within  4  miles  of  its  mouth  by  six  mills,  with  a  total  fall  of  77  feet.    Then  comes  a  reservoir  of  200 
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acres,  averaging  4  feet  deep,  used  only  for  regulating.  Above  this  are  numerous  mills  of  various  kinds,  and  several 
other  reservoirs  of  sufficient  capacity  to  increase  the  low-water  flow  very  greatly.  In  fact,  it  is  said  no  water  is 
wasted  during  over  six  months  of  flie  year. 

The  upper  tributaries  of  the  Blackstone  are  iu  general  excellent  streams  for  power,  their  fall  being  rapid  and 
their  flow  often  regulated  by  reservoirs.  Of  these  reservoirs  the  principal  one  is  lake  Quinsigamond,  covering 
about  544  acres,  and  capable  of  being  drawn  down  6J  feet,  its  capacity  being  154,000,000  cubic  feet.  It  lies  at 
an  elevation  above  the  sea  of  358  feet,  and  its  outlet  falls  63  feet  before  it  reaches  the  Blackstone,  the  distance 
being  a  little  over  3  miles.  The  whole  of  this  fall  is  utilized,  there  being  at  New  England  Village,  near  the  outlet 
of  the  lake,  a  descent  of  54  feet  in  a  short  distance,  used  on  tour  falls.  Above  this  point  there  are,  besides 
Quinsigamond  pond,  two  other  reservoirs,  the  three  aggregating  an  area  of  956  acres.  The  power  of  the  stream, 
though  small,  is  therefore  remarkably  constant. 

The  other  reservoirs  on  the  tributary  streams  are  too  small  to  require  special  mention,  covering,  generally,  less 
than  150  acres.  As  showing  the  large  fall  on  some  of  the  small  tributaries,  however,  it  may  be  mentioned  that 
on  Kettle  brook,  a  stream  not  over  10  miles  long,  the  total  fall  is  about  360  feet,  of  which  306  are  used.  Other 
streams  near  the  headwaters  of  the  Blackstone  are  similar  in  character. 

THE  TAUNTON  EIVEE  AND  TEIBUTAEIES. 

The  Taunton  river,  the  most  considerable  stream  of  southeastern  Massachusetts,  is  formed  in  Plymouth  county, 
in  the  town  of  Bridgewater,  by  the  junction  of  the  Satucket  and  Matfleld  rivers,  whence  the  stream  pursues  a 
general  course  toward  the  south  and  west,  for  a  distance  of  about  24  miles  iu  a  straight  line  flowing  by  the  city  of 
Taunton  and  emptying  into  Mount  Hope  bay,  near  the  Ehode  Island  line.  It  is  navigable  to  the  head  of  tide- water, 
at  East  Tauuton,  about  15  miles  from  the  bay  in  a  straight  line,  and  above  this  point  the  area  drained  by  the  stream 
measures  about  277  square  mile's,  comprising  a  hilly  and  rolling  country  not  well  wooded.  The  stream  has  a  small 
fall  and  a  gradual  declivity,  with  bed  and  banks  of  sand  and  gravel,  and  considerable  areas  of  lowland  along  its 
course  subject  to  overflow.  Its  flow  is  variable,  yet  much  more  constant  than  that  of  other  streams  of  equal  size 
along  the  coast,  such  as  the  Charles,  Neponset,  Ii)swich,  Exeter,  etc.  This  is  probably  due  to  the  lakes  and  ponds  by 
which  the  flow  is  regulated,  of  which  there  are  a  number,  though  none  of  large  capacity.  There  are  only  two  powers 
on  the  stream,  one  at  East  Taunton,  with  a  fall  of  9  feet  at  low  tide,  and  one  near  Bridgewater,  with  a  fall  of  8  feet. 
The  former  is  utilized  by  the  Old  Colony  Iron  Company,  and  is  at  the  head  of  navigation.  The  pond  extends  quite 
up  to  the  upper  power,  there  being  no  other  fall  on  the  stream.  The  power  used  was  stated  at  326  horse-power  iu 
1880,  and  full  capacity  could  be  secured  during  from  six  to  nine  months,  the  power  being  very  small  during  the 
rest  of  the  time.  The  power  near  Bridgewater  is  used  by  a  paper-mill,  with  about  100  horse-power  during  seven 
months,  while  during  the  rest  of  the  year  steam  is  depended  upon.  The  drainage  area  above  this  place  measures  about 
129  square  miles.  It  is  evident  that  the  power  of  the  Taunton  river  is  not  of  much  value,  as  to  either  amount  or 
reliability.  The  tributaries  are,  in  general,  better  sources  of  power,  their  fall  being  greater  and  their  flow  in  some 
cases  much  more  constant.  The  Satucket  and  Matfleld  rivers  are  utilized  by  small  mills  of  various  kinds,  and  the 
former  has  several  artificial  reservoirs.  Town  river,  which  joins  the  main  stream  at  Bridgewater,  runs  the 
Bridgewater  iron-works,  but  steam  is  depended  upon.  The  Namasket  river  is  the  most  constant  stream  in  the 
drainage  basin,  being  fed  by  a  number  of  ponds,  among  which  may  be  mentioned  Assawompset  (1,195  acres),  Long 
(1,804  acres).  Great  Quittacus  (1,110  acres),  Little  Quittacus  (392  acres),  and  various  others,  aggregating  "nearly 
7,000  acres  in  area.  The  stream  flows  from  Assawompset  pond  in  a  northerly  direction,  and  is  only  5  or  6  miles 
long,  emptying  into  the  Taunton  near  the  town  of  Middleboro',  and  draining  a  total  area  of  about  63  square  miles. 
Assawompset  pond  is  not  dammed,  nor  will  the  lowness  of  the  country  permit  it  to  be ;  but  its  flow  and  level  are 
controlled  to  some  extent  by  flash-boards  on  the  next  dam  below,  so  that  its  level  varies  to  the  extent  of  about 
2^  feet.  The  other  ponds  are  tributary  to  the  Assawompset,  and  are  not  dammed.  The  stream  is  utilized  by  a  box 
factory,  with  a  fall  of  10  feet,  and  a  woolen-mill,  with  the  same  fall,  and  below  the  latter  are  two  sites  not  in  use, 
the  upper  known  as  the  Muttock  privilege,  with  a  fall  of  10  feet,  formerly  used  by  a  grist-mill,  the  dam  being  still 
there,  and  the  lower  with  a  fall  of  about  6  feet.  The  woolen-mill  uses  100  horse-power  during  about  eight  months, 
and  at  times  not  over  30  or  40. 

Mill  river,  a  small  tributary  running  through  Taunton,  affords  water-power  to  a  number  of  mills  during  a  few 
months  of  the  year,  but  is  reduced  to  almost  nothing  in  summer,  so  that  steam  is  relied  upon.  The  same 'may  be 
said  of  Three-Mile  river,  a  tributary  below  Taunton. 

THE  POWEE  AT  FALL  EIVEE,  MASSACHUSETTS. 

The  power  at  Fall  Eiver,  to  which,  perhaps,  are  principally  due  the  growth  and  importance  of  the  city  as  a 
manufacturing  place,  is  remarkable  in  some  respects.  The  water  is  derived  from  Watuppa  pond,  situated  about 
2  miles  east  of  the  city,  with  its  high-water  mark  at  an  elevation  above  mean  high  tide  of  129.01  feet,  and  covering 
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an  area  of  about  5.39  square  miles  at  high-water  mark,  and  of  4.68  square  miles  at  5  feet 
of  the  North  and  South  ponds,  connected  by  the  "narrows",  to  which  two  other  btit 
Stafford's,  are  tributary.  The  total  length  of  the  lake  is  7.07  miles,  and  it.s  greatest 
drainage  basin,  including  its  own  area,  measures  about  31.135  square  miles,  and  comprises 
with  a  sandy,  gravelly,  and  loamy  soil,  underlaid  with  juranite  rock.  From  this  lake 
outlet,  flows  westward  through  the  city,  falling  rapidly  over  the  ledges  of  solid  rock 
and  reaching  tide-water  at  Mount  Hope  bay  after  a  course  of  L'  miles.  The  total  fall 
following  mills,  in  order : 


below.  The  pond  consists 
smaller  ponds,  Sandy  and 
width  about  1.5  mile.  Its 
:i  liilly  and  rolling  country, 
the  Quequechan  river,  its 
on  which  the  city  is  built, 
of  129  feet  is  used  by  the 


of  oorjuiiiitidi 


Troy  Cotton  and  Woolen  Mauufncturing  Company. . 
Pocasset  Manufacturing  Company  (cotton) 

Watuppa  Manufacturing  Company  (cotton) 

Fall  Ki ver  Print-Worlss 

15.48               150.6     j 

5        -l-O^       I       443.8     1 
^       21.00       J 

15.  38             leo.  0 

10.  00               104.  0 

14.46               150.4 

14.73               153.2 

16.00+;          148.2 

Annawan  Manufactory  (cotton) 

Total 

128. 72±        1,310.2 

The  fall  at  the  Metacomet  mills  varies  with  the  tide,  and  is  probably  about  16  or  17  feet  at  high  tide.  The  fall 
at  the  Troy  mills  varies  with  the  level  of  the  water  in  the  river,  from  15J  feet  to  less  than  10  feet,  averaging,  it 
is  said,  about  ISJ  feet.  It  will  be  seen  that  the  entire  fall  of  the  stream  is  utilized.  The  flow  of  water  from  the 
lake  is  controlled  by  a  corporation  known  as  the  Watuppa  Eeservoir  Company,  representing  all  the  mills  below, 
and  it  is  commonly  stated  that  the  amount  of  water  used  during  working  hours  is  122.1  cubic  feet  per  second, 
corresponding  to  10.4  net  horse-power  per  foot  fall.  On  this  basis,  the  power  used  by  the  various  mills  is  as  given 
in  the  third  column  of  the  above  table.  All  of  the  mills,  however,  except  the  Annawan,  have  considerable  steam- 
power  in  use  all  the  time,  the  Annawan  depending  principally  upon  water-power,  with  steam  only  for  dry  seasons. 
The  full  capacity  of  122  cubic  feet  per  second  cannot  be  obtained  all  the  time,  there  being  a  deficiency  during  several 
months  of  the  year,  while  at  other  times  water  runs  to  waste.  "When  the  lake  is  higher  than  35  inches  below  high- 
water  mark  it  is  assumed  that  the  flow  is  nearly  constant,  and  as  above  stated,  though  in  reality  it  varies;  when 
the  lake  is  below  that  point  the  flow  is  less,  and  when  at  the  lowest  poiiit  has  been  stated  to  vary  in  different  years 
between  22  and  86  per  cent,  of  the  full  discharge  referred  to,  falling,  therefore,  as  low  as  26  or  27  cubic  feet  per 
second  at  times.  In  some  years  the  full  capacity  is  obtained  all  the  time,  but  it  would  seem  that  not  over  40  per 
cent,  of  that  amount  can  be  safely  calcidated  upon  as  permanently  available. 

The  drainage  area  of  the  lake  being  about  31  square  miles,  and  the  rainfall  about  48  inches,  then  if  50  per  cent, 
of  the  rainfall  is  collected,  over,  say,  30  square  miles,  the  mean  annual  yield  of  the  lake  will  be  at  the  rate  of  about 
53  cubic  feet  per  second  uniformly,  or  during  the  teu  working  hours  about  127  cubic  feet  per  second — a  calculation 
showing  that  the  yield  to  be  expected  would  be  somewhere  near  122  cubic  feet  per  second,  as  stated  above.  The 
level  of  the  lake  has  been  known  to  fall  to  64  inches  below  high  water;  taking  the  range  as  5  feet,  and  the  mean 
area  as  5  square  miles,  the  storage  capacity  is  found  to  be,  in  round  numbers,  about  700,000,000  cubic  feet,  or 
between  five  and  six  months'  supply.  The  stream  flows  for  the  most  part  uuder  the  mills,  being  scarcely  visible 
except  in  the  mill-yards,  and  the  dams  are  small  affairs  with  no  ponds  of  consequence. 

It  is  to  be  mentioned  that  the  water-supply  of  the  city  of  Fall  Eiver,  amounting  to  150,000,000  gallons  daily,  is 
obtained  from  Watuppa  pond,  and  that  thereby  the  water-power  of  the  outlet  has  been  reduced  by  a  small  amount; 
to  just  what  extent  has  been  for  some  time  under  discussion. 

Stafford's  pond,  covering  an  area  of  one-third  of  a  square  mile,  lies  at  an  elevation  of  73.87  feet  above  high 
water  of  Watuppa  lake,  to  which  it  is  tributary,  and  drains  an  area  of  about  1.56  square  miles,  excluding  its  own 
surface. 

THE  MASSACHUSETTS  STEEAMS  SOUTH  OF  THE  CHAELES. 

The  streams  coming  under  this  head  are  of  very  little  importance.  From  Fall  Eiver  around  to  Plymouth 
county  none  are  worth  naming.  In  the  latter  county  some  possess  the  characteristics  of  sand-hill  streams,  and  are 
fed  by  ponds  sufQcient  to. regulate  their  flow,  but  they  are  all  small.  Their  beds  are  gravel  and  sand;  they  ofi'er  no 
abrupt  falls,  and  are  utilized  principally  by  box  factories.  They  often  flow  through  meadow-lands  and  swamps,  and 
their  flow  is  comparatively  constant.  In  Norfolk  county  there  are  a  few  larger  streams,  such  as  the  Monataquot  and 
the  Neponset,  but  even  they  are  of  small  importance,  their  flow  being  so  variable,  notwithstanding  several  artificial 
reservoirs  by  which  they  are  fed,  that  the  mills  are  obliged  to  depend  upon  steam  for  constant  power. 
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THE  CHARLES  RIVER. 

The  Charles  river  takes  its  rise  in  the  southern  part  of  Massachusetts,  near  the  corner  of  Norfolk,  Worcester, 
and  Middlesex  counties.  Prom  this  point  its  course,  though  very  circuitous,  is  in  general  northeast,  and  the  distance 
from  source  to  mouth  is  about  25  miles  in  a  straight  line,  though  considerably  farther  by  the  river.  Flowing  partly 
in  Norfolk  and  Middlesex  counties,  and  partly  between  the  two,  the  stream  empties  into  the  Atlantic  at  Boston, 
after  passing  the  towns  of  Medway,  Dedham,  Newton,  Waltham,  Watertown,  and  others.  The  stream  is  tidal 
and  navigable  as  far  as  the  town  of  Watertown,  about  6  miles  from  its  mouth.  About  that  point  it  drains  an 
area  of  about  275  square  miles,  comprising  an  undulating  country,  with  considerable  low  and  flat  ground  and  some 
swamps.  No  lakes  of  importance  and  no  artificial  reservoirs  are  connected  with  the  river,  so  that  its  flow  varies 
greatly,  being  reduced  to  almost  nothing  at  some  stages.  Its  fall  is  moderate  as  a  whole,  but  in  some  places  quite 
rapid,  so  that  a  number  of  powers  are  produced.  The  bed  is  generally  gravel  and  mud,  and  the  banks  are  often 
low.  At  one  or  two  places,  however,  such  as  Newton  Upper  and  Lower  Palls,  the  bed  is  Itedge,  the  banks  are  high, 
and  the  fall  is  precipitous.  The  freshets  on  the  stream  are  not  very  severe,  because  the  banks  and  meadow-lands 
are  overflowed  on  the  upper  parts  of  the  river,  thereby  restraining  the  floods.  The  stream  is  utilized  for  power  to 
a  considerable  extent,  there  being  no  sites  not  occupied.  The  first  power  is  at  Watertown,  where  there  are  several 
mills,  the  fall  being  about  6  feet  at  low  tide.  The  power  is  small  when  at  its  minimum,  as  the  lowest  flow  affords  only 
about  8  horse-power  (gross)  per  foot  continuously.  Above  Watertown  we  come  to  the  Etna  woolen-mills,  with  a 
small  fall,  then  to  mills  at  Waltham,  and  then  to  those  at  Newton  Lower  Falls.  At  this  place  there  are  three  dams 
w.ithin  half  a  mile  or  less,  with,  in  all,  23  feet  fall,  and  running  a  number  of  mills  of  various  kinds.  At  Newton  Upper 
Falls  there  are  two  dams,  with  a  total  fall  of  23  feet,  from  which  a  paper-mill  and  a  cotton-mill  are  run.  Above  this 
point  the  stream  is  very  flat  for  a  long  distance,  and  almost  connects  with  Mother  brook,  a  tributary  of  the  Neponset. 
A  number  of  years  ago  one  of  the  mill-owners  on  Mother  brook  dug  a  channel  connecting  the  two  streams,  so  that 
part  of  the  water  of  the  Charles  has  for  years  flowed  into  the  Neponset.  The  case  has  come  before  the  courts,  and 
it  has  been  decided  that  one-third  of  the  water  of  the  Charles  is  to  go  into  the  Neponset ;  and  to  regulate  this 
amount,  sills  are  made  and  placed  at  the  same  level  across  the  Charles  and  across  the  channel  to  Mother  brook, 
their  lengths  being  as  2  to  1,  so  that  the  proper  division  of  water  is  supposed  to  be  eftiected.  Above  this  point  are 
several  small  powers,  but  none  of  consequence. 

The  water-power  of  the  Charles  will  be  seen  to  be  of  little  value.  On  account  of  the  variable  flow  of  the  stream, 
all  the  mills  are  obliged  to  depend  upon  steam-power  in  the  summer,  being  generally  provided  with  sufficient  to  run 
their  entire  machinery. 

THE  STREAMS  BETWEEN  THE  CHARLES  AND  THE  MERRIMACK. 

The  streams  included  under  this  head  are  of  little  importance  as  sources  of  power,  being  very  variable  in  flow, 
and  all  small.  The  first  north  of  the  Charles  is  the  Mystic,  which,  with  its  tributaries,  is  utilized  to  a  considerable 
extent  by  small  mills  of  various  kinds.  The  next  is  the  Saugus,  a  similar  stream,  draining  an  area  of  about  27 
square  miles,  and  also  utilized.  It  is  fed  by  several  ponds,  and  is  probably  as  good  a  stream  as  any  in  this  section, 
its  fall  being  considerable.  To  give  an  idea  of  its  capacity,  it  may  be  mentioned  that  at  Scott's  woolen-mill,  near 
the  mouth,  where  the  fall  is  13  feet,  five  sets  of  machinery  are  run,  by  a  breast-wheel,  during  about  eight  months 
of  the  year;  but  during  the  rest  of  the  time  the  power  is  almost  nQthing,  and  steam-power  is  used.  There  is  one 
unutilized  i)rivilege  on  the  stream,  with  a  fall  of  8  feet. 

The  largest  stream  to  be  here  mentioned  is  the  Ipswich  river,  which  drains  an  area  of  about  136  square  miles 
above  the  head  of  tide- water,  at  Ipswich.  The  stream  rises  in  Middlesex  county,  near  the  town  of  Wilmington,  and 
flows  in  a  general  northeasterly  direction,  for  a  distance  of  22  or  23  miles  in  a  straight  line,  to  tide- water,  draining  a 
rolling  country,  with  no  reservoirs,  and  only  a  few  small  ponds  tributary  to  it.  Its  fall  is  small  and  its  current 
generally  sluggish.  Its  flow  is  very  variable,  being  almost  nothing  in  the  summer,  so  that  the  stream  is  a  poor  one 
for  power,  resembling  the  Exeter  and  others  in  New  Hampshire.  At  its  mouth  the  Ipswich  cotton-mills,  with  a  fall 
of  about  10  feet,  use  about  30  horse-power  during  seven  months,  but  depend  upon  steam.  There  are  some  small 
mills  above,  but  none  of  the  powers  are  of  consequence. 
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Kame  of  stream. 


Above  what  point. 


Drain- 
age 


Home  of  stream. 


AboTe  what  point. 


Brain, 
age 


Mystlo  river 

Pawoatuok  river 

Do 

Woodrlver 

Pawtnxet  river 

jiforth  branch  of  the  Pawtuxet  rl^er 
South  branch  of  the  Pawtuxet  river 
North  branch  of  the  Pawtuxet  river 
WoonaBquatuoket  river 

Do .• 

Blackstone  river 

Do 

Do 

Do 

Do...^ 

Branch  river 

Do 

Munford  river 

Qninsigamond  river 


Mystic 

"Westerly 

Month  of  "Wood  river 

Month 

do 

Junction  with  South  branch . 
Junction  with  North  branch  . 

Hope 

Olneyville 

Mouth 

Pawtucket 

Lonsdale 

Manville 

"Woonsocket 

Blackstone 

Mouth .' 

SlatersvlUo 

Month 

do 


^q.  m. 

20  ± 

286 

111 

83 

229 

108 

71 

98 

48 

72 

458 

438 

413 

350 

248 

100 

95 

54 

35 


Three-Mile  river 

Ten-Mile  river 

Do 

Qaoquechan  river... 
Taunton  river 

Do 

Do 

Mil]  river 

Assawompset  river. 

"Winetuxet  river 

Satacket  i-iver 

Matfiold  river 

Nippeuicket  river. . 

Neponaet  river 

Charles  river 

Do 

Saugus  river 

Ipswich  river 


Mouth 

do 

Dodgeville 

Outlet  of  lake  Watuppa  - 

Lower  Taunton 

East  Taunton 

Paper.mill „, 

Mouth 

...do 

...do 

...do 

...  do 

...do 

Milton  Lower  Mills 

Brookline 

Newton  Lower  Falls 

Mouth 

Ipswich 


Sq.  m. 

76 

51 

23 

a  27 

337 

277 

129 

44 

63 

35 

32 

39 

56 

101 

281 

218 

27 

136 


a  By  measurements  of  the  writer. 


Table  of  power  utilized  on  the  coast  streams  south  of  the  Merrimach: 


Name  of  stream. 


Tributary  to  what. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do- 


Tributaries  of Long  Island  sound. 

Do do 

Do do 

Do do .'. 

Fawcatuck  river —  do 

Do do 

Tributaries  of !  Pawoatuck  river. . . 

Do ....do 

Pawcatuck  river  and  tributaries. Long  Island  sound. 

Do '. 

Do 

Do 

Do 

Do 

Do 

Do — .. 

Do ;... 

Do 

Do 

Do 

Do 

Pawtuxet  river 

South  branch  of  the  Pawtuxet  river 

Do 

Do   

Cf  orth  branch  of  the  Pawtuxet  river 

Do 

Do 

Other  tributaries  of  the ,- 

Do 


..-.do 

..  do 

...do 

...do    

-.do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

Pawtuxet  river . 
...  do 


..do. 
.  do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 

.do. 

do. 

.do. 


State. 


Connecticut . 
..do    


....do 

...do  

...do  

...do 

..  do 

..  do 

Bhode  Island  . . 

...do 

...do    

...do 

...do  

..  do 

...do  

...do  

...do 

...do 

...do 

..do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

..  do 

...do  

...do 

..do 

...do 


County. 


New  London  . 
...do 


...do 

...  do 

..  do 

...do  

...  do 

...  do 

"Washington  . 

...do    

...do 

...do 

...do 

...do  

..  do 

..  do 

...do 

..  do 

..  do 

Kent 

...do  

...do 

...  do  

...do 

...  do 

...do 

Providence ' . 

...do 


Kind  of  mill  or  manufacture. 


Kent 

...do  

...do 

...  do 

...do 

...do 

Providence . 
...do  


Flour  and  grist 

Saw 

Plaster 

Paper 

Sash,  door,  and  blind 

Machinery  and  woolen 

"Woolen 

Carriage  and  wagon 

"Woolen 

Cotton 

Agricultural  implements  . 

Carriage  and  wagon 

Twine  ; 

Machinery 

Sash,  door,  and  blind 

Shoddy  

"Wheelwrighting 

Plour  and  grist 

Saw 

...  do  

Plour  and  grist 

Cotton 

...  do 

"Woolen 

Flour  and  grist 

Cotton 

.    do 

Drugs  and  chemicals 

Saw 

Flour  and  grist 

Machinery 

Blaolssmithing 

"Woolen 

Cotton 

...  do 

"Wheelwrighting 


5 
4 
1 
2 
1 
1 
2 
1 
12 
18 
1 
1 


2 
7 
13 
7 
1 
2 
8 
1 
2 
4 
2 
1 
1 
6 
1 
1 
4 
6 
7 
1 


o 


o    . 

is 


Feet. 
64 


50 

3 

5 
37 
12 
96+ 
323 
10 


15 
24 
22 
24 


123 
155+ 

lis 

11 

25 
142 

16 

23 

97 

29 

27 
8 

87 
7 

16 
118 
183 
188+ 

8 
67 


79 

75 

15 

180 

10 

100 

55 

18 

690  + 

1,479 

6 

2 

22 

55 

'  4 

40 

7 

124 

180 

257 

28 

1,100 

2,480 

60 

73 

1,000 

90 

30 

4 

128 

40 

13 

155 

325 

770 

8  - 


20 


WATER-POWER  OF  THE  UNITED  STATES. 

Table  of  power  utilized  on  the  coast  streams  south  of  the  31errimack — Continued. 


Name  of  stream. 


Tributary  to  what. 


State. 


County. 


Kind  of  mill  or  manufacture. 


ft? 


Other  tributaries  of  the. 

Do 

Woonaequatuoket  river. 

Do 

Do 

Tributaries  of 

Do 

Do 

Blackstone  river 

Do 


Do , 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of  the. 

Do 

Do , 

Do.... 

Do 

fio.., 

Do.... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do. , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Do 

Do 

Do - 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  streams 

Do 

Do 

Do 

Do 

Do 

Do 

Xnunton  river  and  tribntarles. 


Paw  tuxet  river 

...do , 

Providence  river 

...do 

...do 

Woonasqaatuotet  river  . 

...do 

...do 

Providence  river 

...do  

...do 

...do 

...do 

...do 

...do 

...do :.. 

...do , 

...do 

...do 

....do  

Blackstone  river 

...do... 

...  do 

...do 

...do 

...  do 

....do 

...do 

...do  

...do  

...  do 

...do 

...do 

...do 

...do '. 

...do  

...do 

...do  

„.do 

...do    

...do 

...do 

...do : 

...do 

...do 

..do 

...do  

...do 

...do  

...do  

...do  

...do  

...do 

...do  

...do  

...do  

...do 

...do 

Atlantic  ocean . . , 

...do '. 

...do  

...do 

...do 

...do    

...do  

S'arragansett  bay 


Bhode  Island  .  - . 

..  do 

...do  

...do  

..  do 

...do  

...do 

...do... 

...do.. 

...do 

...do 

...do 

...do 

Hassachnsetts . . 

...do 

...do  

...do 

...do  

...dtf 

..  do 

Bhode  Island. .. 

...do 

...do 

...do 

...do.-.; 

...do 

...do 

...do  

...do 

...do  

...do 

...do  

...do  

Massachusetts.. 

...do  

...do  

...do 

...do  

...do , 

...do  

...do 

...do  

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

....do  

...do  

...do 

Rhode  Island  . . . 

...do 

...do 

....do 

...do  

....do..!. 

....do 

Massachusetts . . 


Providence  . . 

...do  

...do 

...do  

..  do 

...do  

,..do 

...do........ 

...do  

...do 

...do 

...do 

..  do 

"Worcester... 

...do  

..  do 

...do 

...do  

...do 

...do 

Providence  . . 

...do 

...do  

...do 

...do 

...do 

..  do 

..do 

...do 

...do 

...do    

...do 

...do  

Worcester . . . 

...do 

...do  

...do  

...do 

...do 

...do  

...do  

...do  

...do 

...do  

:..d0 

...do 

...do  

...do  

...do 

Bristol 

...do 

...do  

...do 

...do 

..do 

...do 

Norfolk 

...do  

■Washington  . 

...do  

...do  

...do  

...do  

....do  

Newport 

Bristol 


Shoe.laoes 

Saw 

Elour  and  grist 

Woolen 

Cotton 

...do ' 

Machinery ^ 

Dyewoods,  etc 

Mour  and  grist 

Woolen 

Cotton 

Paper 

Worsted 

Woolen 

Boiling 

Cotton 

Blacksmlthlng 

Plour  and  grist 

Sash,  door,  and  blind 

Felt 

Woolen 

Worsted 

Cotton 

Wood.tuming 

Wire-works 

Agricultural  implements  . . 

Blacksmithing 

Bread  and  crackers 

Carpentering 

Mour  and  grist 

Saw 

Machinery 

Shoddy  

Hosiery 

Worsted 

Cotton 

Woolen 

Wire* '. 

Tools 

Shoddy 

Sash,  door,  and  blind 

Machinery 

Saw 

Leather 

Wooden  handles 

Flour  and  grist 

Boxes 

Cutlery 

Blueing 

Flour  and  grist 

Foundery 

Jewelry 

Wood.tuming 

Machinery 

Worsted 

Cotton 

Woolen 

Jewelry 

Woolen 

Cotton 

Flour  and  grist 

Saw 

Looksmithing 

Printing .■ 

Flour  and  grist 

Boiling 


1 
3 
1 
2 
9 
1 
1 
] 
3 
5 

21 
1 
1 
6 
1 
9 
1 
3 
1 
1 

12 
2 

13 
1 
1 
1 
1 
1 
1 
5 

11 
2 
1 
1 


20 
1 
2 
8 
1 
6 

10 
1 
2 

12 


Feet. 

14 

46 

14 

39 
151 

16 

35 
8 

43 

72 
271 

18 

16 

60 

16 

130 

6 

30 

.8 

15 
201 

56 

220+ 

6 


14 
8 


14 

95 

194 

26 

18 

18 
229 
350 

17 

44 

182 

8 

80-f 
134 
7 

22 
165 


61 


7 

8 

8 

6 
15 
32 
51 
23 
20+ 
58 

70+ 
98 
13 


110 
49 
95 
215 
1,064 
10 
8 


737 
6,415 

100 

200 

670 

150 

2,240 

8 

125 
50 

180 
1,190 

U5 
1,600 
20 
10 
30 
2 
2 

16 
95 

315 
60 
20 
60 

104 

1,513 

1,192 

20 

{J9 

348 
20 

295 

177 
16 
33 

290 
35 

411 
30 
20 
50 
30 
15 
35 
97 

371 
40 
43 

264 

200 

.  US 

13 

3 

4 

44 

326 
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Nome  of  stream. 


Tannton  river  and  tribntaries . 

Do. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do..... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do :.. 

Do 

Do 

Do 

Do 

Do 

Do 

Noponset  river  and  tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , w 

Do 

Do 

Do '■ 

Do 

Do 

Do ". 

Do 

Charles  river  and  tributaries  .. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what. 


Narragansett  bay. 

...do 

...do 

...do 

...do 

...  do 

...do 

...do 

...  do 

...do 

...do.' 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

-.  do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do    

...  do 

...do 

Atlantic  oceau 

...do 

..do 

...do 

..do 

..do 

...do 

...do 

..  do 

..  do 

..  do 

...do 

...do 

...do 

..  do 

..  do 

...do 

...do 


do  . 

do  . 

do. 

do. 
.do  . 

do. 

do  . 
.do. 
.do. 
.do  . 

do  . 

do  : 
.do  . 

do  . 
..do. 
.do. 


State. 


Haesacbusetts. 


.do  , 

do  . 
.do  . 
■  do 

do  . 

do  . 
.  do  . 

.do  . 
..do  . 
..do. 
..do. 
.  do. 
.  do  . 
..do  . 
..do. 
..do  . 
..do  . 
.  do. 
.  do  . 
.  do  . 
..do  . 

.do  . 
.do  . 

do  . 
..do  . 
,  do. 
..do  . 
.  do. 
.  do. 
..do  . 
..do- 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
.  do  . 
.  do  . 

.do  . 
..do  . 
,  do. 
..do  . 
..do  . 
..do  . 
•  do. 

do  . 

do  . 
..do. 
.do. 

do  . 
. .da  . 
..do. 
.do. 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do. 
.  do. 
..do. 
.  do  . 
..do  . 
..do  . 
..do  . 


County. 


Bristol 

...do 

...do 

...do  

...do 

...do 

...do  

...do 

...do 

....do 

....do  

...do 

..    do 

....do 

....do  

do 

.-..do 

....do 

....do 

Plymouth  . 

...do  

...do 

....do  

...do 

...do 

..-.do  

....do 

....do  

...  do  

...do 

Norfolk  .:. 

...do  

...  do  

...  do  

....do  

...do 

...  do    

....do 

....'do 

....do 

...do 

...do  

...do , 

....do  ....:. 

....do 

....do 

....do 

.-..do 

....do  

....do  

Suffolk 

Norfolk-  - . . 

....do 

....do 

....do 

...  do  

....do  

....do  ...... 

...do  .     ... 

...  do  

....do  

....do  

....do 

"Worcester . 

Middlesex  . 
....do 


Kind  of  mill  or  manufacture. 


Cotton 

Agcricultural  implements . . 

Eoxed s 

Boots  and  shoes 

Brass  and  copper  rolling . . . 

Coffins 

Comb 

Cottou.waste 

Tools 

Cutlery 

Plated  ware 

Dru;i8 

Flour  and  giist 

Nail 

Paper 

Jewel  ry 

Toys 

Saw  

Machinery 

Cotton 

Woolen 

Forges 

Eolling 

Boots  and  shoes 

Boxes  

F-lour  and  grist 

Nail 

Saw 

Machinery 

Paper 

Glue 

Hosiery 

Brass  aud  copper  rolling- 
Chocolate 

Emery 

Ink 

Flour  andgrist 

Machinery 

Kolliufc 

Leather.board 

Tannery 

Saw    

Paper 

Screws 

Hosiery 

Sporting  goods 

Tools 

Cotton ., 

"Woolen 

Silk 

Chocolate 

Hosiery 

Felt 

"Woolen 

Boxes  — 

Cooperage 

Twine 

Floor  and  grist 

Machinery 

Saw 

Paints 

Paper -- 

Shoddy  

Flour  and  grist 

"Wheelwrighting 

"Woolen 


1 
1 

1 

2 
1 
1 
1 
2 
2 
] 
1 
4 
2 
1 
1 
1 

20 
1 
1 
1 
1 
2 
2 

lO 
6 
3 

iB 
4 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
2 
1 
3 
3 
1 
1 
1 
1 
8 
4 
1 
1 
1 


Feet. 

?1 
80 
13 
13 
43 
12  ■ 
14 
8 
13 
21 

12 
62 
19 

8 
12 

6 

210 

11 

14 

10 

6 
34 
11 
121 
35 
37 
163 
42 

8 
13 
20 
19 

6 
13 


12 
SO 
12 
36 
42 
11 
12 

6 
10 
126 
54 
13 

7 

6 
42 
24+ 

6 
16 

9 

9 
10 
59 
12 
52 
63 
21 


■441 
69 


175 

50 

10 
300 

28 

20 

20 

10 

40 
120 

10 
113 

80 

64 

20 

12 
571 

23 

52 
107 

20 
170 

27 
214 

91 

66 
277 

66 
100 

25 

30 
225 

60 

25 

35 
140 

55 
167 

55 

27 

70 

510 

8 

10 

10- 
6 
407 
315 

30 
175 

45 
300 
220 

10 

12 
100 

10 

10 
175 

40 
313 
275 

56 

10 
125 
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WATER-POWER  OF  THE  UNITED  STATES. 


Table  of  power  utilized  on  the  coast  streams  south  of  the  Merrimaclc — Continued. 


Name  of  stream. 


CbarleB  river  and  tributaries  . 

Do 

Do 

Do ., 

Do 

Do 

•do 

Do 

Do 

Do 

Do .' 

Do 

Do 

Do 

Do 

Do 

Ipswicli  river  and  tributaries  . 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Other  streams . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do..*..-. 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tiibatary  to  what. 


Stat«. 


Atlantic  ocean. 

...do  

...do 

...do 

...do 

...do  

...do 

...do 

..do 

..*do 

...do 

...do 

...do  

...do  

...do  

...do 

...do  

...do 

...do 

...do  

..  do 

...do  

...do  

..  do . 

...do 

...do 

...do  

...do 

..  do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do  

...do  

...do 

...do  

...do  

..  do 

...do  

...do 

..  do 

...do  

...do 

...do  

...do  

...do  

...do  

...do 

...do  

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

..do 

..do 


Connty. 


Massachusetts. . 

...do 

...do 

...do 

...do 

..  do 

...do  

...do 

...do 

...do  

...do  

...do  

...do  

...do ". 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do  

...do  

...do  

...do  

...do 

...do .; 

...do 

...do  

..  do 

...do 

...do 

...do 

...do 

...do 

-do 

...do  ........ 

..do 

..do 

..do 


Middlesex  . 

..-.do  

....do 

....do  

....do  

...do 

....do  

....do  

....do  

....do 

....do 

....do 

....do 

....do 

...do 

...do 

...do 

!Essex 

...do 

...do 

...do  

...  do  

...do 

Middlesex  . 

Bristol 

...do  

...do  

...do  

...do  

Barnstable 

...do 

...do 

...do 

..  do 

...do 

....do  

Plymoath.. 

...do 

....do  

....do 

....do , 

....do 

...do 

...do  

....do  

....do 

...do  

...do  

...do 

....do  

...do  

...do  

Suffolk 

Norfolk 

...do 

...do 

..do 

...do  

...do  

...do  

...do 

...do  

...do  

Middlesex . . 

...do 

...do  


Kind  of  mill  or  manu&ictnre. 


70 


Hardware 

Shoddy 

Cotton 

FnmitRre 

Steam.fi tting  apparatus 

Carpentering 

Hour  and  grist 

Nails 

Saw 

Saws 

Machinery 

Watch  and  clock  materials  . 

Leatber.board 

Paper 

Sash,  door,  and  blind 

Sewlng.machines 

Saw 

Flour  and  grist 

Saw 

Paper 

■Woolen 

Hosiery 

Matches 

Flour  and  grist 

Cotton 

Boxes '. 

Flour  and  grist 

Saw 

Wheelwrighting 

Cutlery 

Foundery 

Shoddy 

Tar  and  turpentine 

"Wheelwrighting 

Flour  and  grist 

Woolen 

Boiling 

Cotton 

Boxes 

Carriage  and  wagon  materials 

Twine 

Cutlery 

Flour  and  grist 

Bolts,  nuts,  etc 

Forgings 

Foundery 

Nails 

Saw 

Musical  instruments 

Kubber  goods 

Wheelwrighting 

Zinc 

Flour  and  grist 

Woolen 

Kolling 

Boxes 

Boot  and  shoe  findings... 

Flour  and  grist 

Naila 

Isinglass 

Lasts 

Saw 

Paper 

Fur-dressing 

Jewelry 

Tannery 


1 
1 

2 
1 
X 
1 
6 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
3 
6 
1 
1 
1 
1 
1 
7 
1 
10 
U 
1 
1 
2 
1 
1 
1 
2 
1 
3 
3 
5 
1 
1 


2 
2 
8 
64 
1 
1 
1 
2 
2 
2 
1 
2 


Feet. 

22 

9 

26 

27 


18 

8 
48 

5 
14 
'  7 
29 
76 
10 

8 

7 
12 

8 

109 

12 

118 

143 

7 

8 

35 
10 

8 

7 
19 
11 
56 
53 
45 
10 
18 
33 
95 
28 

14 
108 
641 

8 
12 

8 
22 
15 
17 

6 

16+ 
12 
11 
10 
18 
11 
25 
13 
11 
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■Fig.  3.      MAP  OF  THE  DRAINAGE  BASIN  OF  THE  MERRIMACK  RIVER. 


WATER-POWER  OF  EASTERN  NEW  ENGLAND. 
Table  of  power  utilized  on  the  coast  streams  south  of  the  Merrimack — Continued. 
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Name  of  stream. 


Other  streomB  . 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what. 


Atlantic  ocean. 

...do  

...do  

...do 

...do  

...do  

....do  

...do 

...do  

...do  

...do 

...do 

...do 

...do  

...do  

...do 

...do  


State. 


Massachusetts. 

...,do 

....do 

....do  

...do  

....do 

....do  

....do  

....do 

...do 

...do 

...do  

...do  

...do  

...do 

...do  

...do  


Couoty. 


Middlcaox  . 

...do 

...do 

....do 

....do 

...do 

...do 

Essex 

....do 

...do 

...do 

...do 

...do 

....do 

...do 

...do 

...do  


Kind  of  mill  or  manufacture. 


Saw 

Machinery 

Musical  lusti'umeuts 

Printing  and  publishing  . . 

Cutlery  and  edge-tools 

■Wheelwrighting 

Watch  and  clock  materials 

Woolen 

Carriage  materials 

Flour  and  grist 

Furniture 

Saw 

Paint 

Tobacco 

ITpholsterlng  materials  . . . 

Vinegar 

Blsxsksralthing 


1 
3 
2 
1 
1 
1 
2 
1 

12 
1 
3 
1 
i 
1 
1 
1 


I'eet. 
28+ 


9 
30 
27 
111 

7 
40 

5 
38 
18 
26 
12 


145 

5 
05 

2 
16 

2 

2 
95 
55 
752+ 
10 
44 
40 
110 
25 
25 
25 


III.— THE  MEERIMACK  RIVER  AND  TRIBUTARIES. 


THE  MEEEIMACK  EIVEE. 

The  Merrimack  river,  the  most  noted  water-power  stream  of  the  world,  and  on  which,  with  its  tributaries,  there 
is  probably  more  power  utilized  than  in  any  other  drainage  basin  of  equal  size  in  America,  merits  a  particular 
description  and  a  careful  study.  The  sources  of  the  stream  lie  in  Grafton,  Carroll,  and  Belknap  counties,  New 
Hampshire,  but  the  main  stream  is  formed  at  the  town  of  Franklin,  on  the  line  of  Belknap  and  Merrimack  counties, 
by  the  junction  of  the  Pemigewasset  and  the  Winnipiseogee  rivers,  the  former  of  which  takes  its  rise  in  the  heart 
of  the  White  mountains,  while  the  latter  has  its  source  in  the  lake  of  the  same  name,  the  largest  single  sheet  of 
water  in  the  state.  These  two  headwaters  will  be  discussed  in  detail  further  on.  From  their  junction  the  main 
stream  pursues  a  course  a  few  degrees  east  of  south,  passing  through  Merrimack  and  Hillsborough  counties,  and 
then  into  Middlesex  county,  Massachusetts,  where  it  bends  abruptly  toward  the  east,  aud  flows  in  a  direction  north 
of  east  through  Essex  county  to  the  sea.  The  total  length  of  the  stream,  from  its  origin,  at  Franklin,  to  its  mouth, 
at  Newburyport,  is  in  the  neighborhood  of  110  miles,  and  the  total  area  drained  is  about  4,916  square  miles,  of 
which  about  3,780  square  miles  lie  in  New  Hampshire  and  about  1,136  square  miles  in  Massachusetts.  The  table 
on  page  56  gives  the  drainage  areas  of  the  principal  tributaries,  and  of  the  main  stream,  above  various  points.  The 
drainage  basin  is  well  populated,  and  the  course  of  the  stream  lies  by  the  important  and  populous  cities  of  Concord 
and  Manchester,  New  Hampshire,  and  Lowell,  Lawrence,  Haverhill,  and  Newburyport,  Massachusetts.  The  head 
of  tide,  and  of  navigation  for  coasting  vessels,  is  a  few  miles  above  Haverhill,  but  small  river  boats  can  ascend  as 
far  as  Lawrence.  Above  that  point  there  is  no  navigation  on  the  river,  although  there  are  long  stretches  of  still 
water  behind  the  various  dams  supplying  water-power;  and  although  the  idea  of  rendering  the  stream  navigable 
even  to  Manchester  has  been  broached,  the  cost  oif  the  undertaking  has  prevented  any  steps  being  taken  to  carry 
it  out. 

The  physical  character  of  the  area  drained  by  the  stream  varies  greatly.  In  the  upper  part  it  is  mountainous, 
rugged,  and  rocky,  the  streams  flowing  down  from  the  steep  slopes,  and  winding  along  through  the  intervale  or 
alluvial  lands  to  the  lower  or  hill  country,  where  the  slopes  are  more  gradual  and  the  country  only  gently  rolling. 
Toward  the  lower  part  of  the  stream  the  country  becomes  quite  flat,  and  some  of  the  tributaries,  like  the  Concord 
river,  drain  considerable  areas  of  low  swampy  country. 

The  comparatively  small  extent  of  the  lower  or  eastern  division,  and  the  presence  of  the  first  fall  at  the  head 
of  tide-water,  are  facts  which  have  received  notice  in  the  introduction.  The  drainage  basin  has  been  deprived  of 
its  forests  to  a  considerable  extent,  and,  except  in  the  uppermost  portions,  scarcely  any  part  of  the  basin  can  be 
called  thickly  wooded.  The  flow  of  the  stream  has  in  consequence  no  doubt  diminished  in  constancy.  As  regards 
natural  reservoirs,  however,  the  Merrimack  i&favored  to  an  unusual  degree,  there  being,  on  the  upper  waters,  about 
100  square  miles  of  reservoir  area  now  under  control,  and  managed  by  manufacturing  aud  water-power  corporations 
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lower  down  on  the  stream.  On  page  29  will  be  found  a  full  list  of  these  reservoirs,  and  subsequent  pages  give  other 
information  regarding  them.  Their  importance  in  adding  to  the  low-water  flow  of  the  river  can  hardly  be 
overestimated,  and  although  there  are  other  streams  possessing  equal  or  greater  advantages  as  regards  storage, 
there  are  probably  none  in  which  those  advantages  have  been  so  extensively  and  systematically  improved. 

The  bed  and  banks  of  the  Merrimack  are  in  every  way  favorable  for  the  development  of  power.  The  stream 
flows  generally  over  ledges  of  rock  at  the  places  where  power  is  available  or  utilized,  while  the  banks  are,  as  a  rule, 
attfiose  places  high  and  firm.  In  places  there  are  quite  extensive  tracts  of  bottom-land  subject  to  overflow,  but 
they  generally  occur  in  localities  where  no  power  is  available.  Between  the  ledges  and  rapids  the  bed  of  the 
stream  is  composed  of  gravel,  sand,  and  bowlders,  and  the  fall  is  sometimes  very  small.  The  declivity  of  the  stream 
is  shown  approximately  by  the  following  table  : 


Declivity  of  the  Merrimaoh  river. 


Place. 


Month 

Mitchell's  falls 

Foot  of  locks  at  Lawi'enoe 

Top  of  Lawrence  dam 

Top  of  flash-boards 

Foot  of  Hnnt'sfalls 

Head  of  Hmrt'sfalls 

Top  of  Pawtucket  dam,  Lowell 

Top  of  fiash-boaids 

State  line 

Month  of  Nashua  river 

Foot  of  Cromwell's  falls 

Foot  of  Goff's  falls 

HeadofGoff's  falls 

Manchester,  helow  falls 

Top  of  Manchester  dam 

Top  of  flash-boards 

Hooksett,  below  falls 

Hooksett,  top  of  dam 

Foot  of  Garvin's  falls 

Head  of  Gai-vin's  falls  

Foot  of  Sewell's  falls 

Head  of  Sewell's  falls 

Month  of  Contoooook , 

Franklin,  head  of  river. 


Distance 
from    ' 
month. 


■Miles. 
0 

21.5 

26.5 

27.5 

27.5 

36.5 

87.5 

30.5 

39.5 

48.7 

53.0 

57.2 

64.0 

64.6 

68.0 

69.0 

69.0 

77.7 

77.8 

h.5 

82.7 

93     ± 

95     ± 

96.2 

110.1 


Elevation 

above 
mean  tide. 


Feet. 
0 

0 

10 

39 

42 

42 

53 

87 

89 

90 

93 

93 

112 

117 

126 

178 

180 

181 

197 

199 

227 

229 

248 

249 

269 


Distance 
between 
points. 


Miles. 
\      21.5 


17.7 

6.8 
0.6 
3.4 


8.7 

0.1 

4.7 

.  0.23 

10.  3 

1.75 

1.2 

13.8 


Fall 
between 
points. 


Feet. 

0 
10 

32 

04- 
11 

36 


19 

5 
9 

54 

1 

16 
2 

28 
2 

19 
1 

20 


Fall  per 
mile  be- 
tween 
paints. 


Feet: 

0 

2 

32 

0.0-1- 
11 

18 

0.23 

1.7 
8.3 
2.7 

54 

0.11 
160 

0.43 
123 

0.2 
10.86 

0.8 

1.4 


The  average  fall  of  the  stream  is  2.45  feet  per  mile.  Though  this  is  not  a  large  fall,  the  greater  part  of  it  occurs 
in  short  distances,  at  six  places,  giving  rise  to  the  noted  and  remarkable  powers  for  which  the  river  is  renowned. 
The  map  prefixed  to  this  report  shows  the  general  shape  of  the  basin  and  the  course  of  the  river,  and  the  profile 
(Pig.  4)  shows  graphically  the  declivity  of  the  stream. 

The  flow  of  the  stream,  naturally  not  very  variable,  is  rendered  comparatively  constant  by  the  control  exercised 
over  the  large  reservoirs  in  New  Hampshire.  Daily  gaugings  of  the  stream  are  being  made  at  Lawrence, 
Massachusetts,  and  when  sufficient  data  shall  have  been  accumulated  the  records  which  have  been  kept  by  the 
water-power  company  there  during  the  past  thirty-five  years  will  enable  one  to  form  an  accurate  estimate  of  the 
flow  at  any  time  during  that  period.  Nothing  has  yet  been  given  to  the  public,  however,  and  the  tables  on  pages 
9  and  10  give  all  the  data  regarding  flow  that  can  now  be  presented.  The  freshets  on  the  stream  are  not  by  any 
means  violent,  as  compared  with  those  on  western  and  southern  rivers.  At  the  lower  locks  in  Lawrence  where 
continuous  records  of  the  height  of  the  water  have  been  kept  for  over  thirty-five  years,  the  extreme  range  is  26J 
feet.  The  ordinary  yearly  range  is  from  10  to  16  feet,  and  there  are  generally  several  freshets  every  year  in  which 
the  water  rises  to  10  or  12  feet  above  low  water.  The  stream  is  generally  lowest  in  the  summer,  though  sometimes 
nearly  as  low  during  the  winter.  The  freshets  are  irregular  in  their  occurrence,  but  generally  take  place  in  the 
spring  with  the  greatest  violence. 
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Fig.  5,      SECTION  OF  DAM  AT  LAWRENCE,   MASS. 
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The  mean  annual  rainfall  over  the  basin  of  the  Merrimack  is,  according  to  the  Smithsonian  charts,  about  43 
inches,  of  which  10  fall  in  spring,  11  in  summer,  13  in  autumn,  and  9  in  winter.  This  distribution  is  evidently  very- 
favorable  for  a  constant  flow. 

As  regards  accessibility,  it  is  sufScient  to  refer  to  the  map,  which  shows  that  the  stream  is  followed  closely  by 
a  railroad  for  its  entire  length.    No  river  can  be  more  favorably  situated  in  this  respect. 

We  proceed  to  describe  the  water-powers  in  their  order  as  the  stream  is  ascended  : 

Frpm  the  mouth  of  the  river  to  Haverhill  bridge,  a  distance  of  17J  miles,  there  is  a  navigable  depth  of  12  feet 
at  ordinary  high  water.  Thence  to  the  head  of  Mitchell's  falls,  a  distance  of  4  miles,  there  is  a  depth  of  4J  feet  in 
ordinary  stages  of  the  river,  with  the  mill- water  at  Lawrence  running.  Above  these  falls  the  effect  of  the  tide  is 
not  noticeable.  Mitchell's  falls  are  of  no  value  for  water-power,  the  fall  varying  with  the  tide,  and  only  amounting 
to  6  or  8  feet  even  at  low  water. 

The  first  water-power  on  the  river,  and  one  of  the  most  important  and  carefully  managed  in  the  United  States, 
is  that  at  Lawrence,  Massachusetts. 

THE   WATER-POWER   AT  LAWRENCE,   MASSACHUSETTS. 

The  development  of  the  water-power  at  this  place  dates  from  the  year  1845,  when  the  owners  of  the  land  and 
the  water-power  were  incorporated  as  the  Essex  Company,  with  a  capital  of  $1,000,000.  Steps  were  at  once  taken 
toward  the  utilization  of  the  power,  and  on  July  5, 1845,  the  contract  was  concluded  for  the  building  of  the  substantial 
dam  which  still  holds  back  the  waters  of  the  river  and  diverts  them  into  the  channels  of  industry.  The  structure 
is  built  in  a  curve,  the  chord  being  900  feet,  and  the  center  ordinate  14.97  feet.  Its  maximum  height  is  40J  feet, 
and  its  average  height  about  32  feet,  the  breadth  at  the  base  being  about  35  feet.  The  front  face  has  a  batter  of 
1  in  12,  the  top  or  capping  is  level  for  3  feet  from  the  face,  then  slopes  back  or  up-stream  1  foot  in  3  feet,  for  12  feet 
beyond  which  the  back  is  stepped  off  at  a  slope  of  45  degrees.  Its  section  is  shown  in  Fig.  5.  It  is  composed 
entirely  of  solid  stone  masonry,  resting  on  a  rock  foundation,  which  is  stepped  off  to  receive  it,  the  front  of  the  dam 
being  secured  by  blasting  out  a  trench  in  the  rock,  along  the  entire  length,  in  which  the  first  course  of  granite 
masonry  is  laid,  all  the  stones  being  headers,  and  the  next  course  above  being  all  stretchers,  doweled  to  the 
foundation  course.  The  face  of  the  dam  is  all  of  dressed  stone,  the  headers  and  stretchers  of  each  course  being 
dovetailed  together,  and  the  capping  stones  being  doweled  to  each  other  and  to  the  next  facing  course  below.  The 
remainder  of  the  dam  is  of  rough  stone,  laid  in  cement,  with  a  back-filling  of  earth,  sloping  6  to  1.  The  level  of  the 
water  may  be  raised  3  feet  above  the  crest  of  the  dam,  by  means  of  flash-boards,  in  lengths  of  16  feet,  resting 
against  1^-inch  iron  bolts  inserted  at  intervals  of  20  inches  in  holes  drilled  in  the  capping  stones.  The  top  of  the 
dam  is  at  34.12  feet  on  the  company's  scale.  At  the  south  end  of  the  dam  is  a  substantial  wooden  flshway.  The 
excavation  for  the  dam  was  begun  August  1,  1845,  the  first  stone  laid  September  19  of  the  same  year,  and  the 
structure  completed  in  1848,  its  construction  having  occupied  almost  exactly  three  years.  The  rock  excavation  in 
preparing  the  foundation  amounted  to  1,700  cubic  yards;  the  quantity  of  masonry  laid  in  cement  was  29,000  cubic 
yards,  and  the  surface  of  hammered  granite  was  148,000  square  feet.  The  cost  of  the  dam,  including  coffer-dam  and 
all  incidentals,  was  $250,000.  The  agent  and  engineer  of  the  Essex  Company  was  Charles  S.  Storrow,  who  designed 
the  dam  and  canals  and  the  general  development  of  the  water-power,  and  he  was  efQciently  assisted  in  carrying  out 
the  work  after  April,  1846,  till  its  completion,  by  Captain  Charles  H.  Bigelow,  as  engineer  in  charge  of  construction. 

The  dam  crosses  the  stream  in  an  oblique  direction,  and  on  each  side  there  are  extensive  wing-walls,  that  on 
the  south  side  being  324  feet  long,  and  that  on  the  north  side  405  feet,  making,  with  the  overfall,  a  total  length  of 
1,029  feet.  There  is  a  canal  on  each  side  of  the  river.  That  on  the  north  side,  which  is  the  principal  one,  is  5,330 
feet  long,  100  feet  wide  at  the  upper  end,  and  60  at  the  lower  end.  Its  section  is  shown  in  Fig.  6.  Its  depth  is  12 
feet  in  the  middle  and  4  feet  at  the  side  walls,  and  the  bottom  is  graded  to  a  fall  of  1  foot  in  10,000,  or  0.53  foot  in 
the  length  of  the  canal.  The  head-gates  are  24  in  number,  arranged  in  six  sets  of  4  each,  or  closing  six  sluice-ways 
between  piers,  12  feet  deep  and  9  feet  wide,  so  that  each  gate  is  3  feet  high  and  9  feet  long.  They  are  operated  by 
hand.  At  the  head  of  the  canal  there  is  also  a  lock ;  and  at  the  foot  there  are  three  locks,  descending  into  the 
river,  together  with  a  waste- way  by  which  the  canal  may  be  emptied  into  the  Spicket  river,  which  joins  the  Merrimack 
just  at  the  foot  of  the  canal.  Between  the  canal  and  the  river  are  situated  the  principal  mills,  as  the  map  (Fig.  7) 
shows;  and  at  a  distance  of  about  80  feet  from  the  canal  a  line  of  sheet-piling  extends  parallel  to  it  for  nearly  half 
its  length,  to  prevent  percolation,  the  bank  being  to  a  considerable  extent  artificial.  The  cost  of  this  canal,  with 
the  structures  connected  with  it,  was  about  $250,000,  and  the  excavation  amounted  to  266,000  cubic  yards. 

The  south  canal  was  built  in  1866,  and  carried  for  a  distance  of  2,000  feet,  with  a  rectangular  section  60  feet 
wide  an(,l  10  feet  deep.  It  is  expected  to  continue  it  some  1,600  feet  farther,  beyond  which  an  iron  penstock  will  be 
laid.     The  head-gates  are  16  in  number,  in  four  sets,  and  are  operated  by  hand.    This  canal  has  cost  about  $150,000. 

The  Essex  Company's  dam  crosses  the  river  near  the  foot  of  what  were  known  as  Bodwell's  falls,  over  which 
it  backs  the  water,  deadening  the  current  for  a  distance  of  9  miles,  to  the  foot  of  Hunt's  falls,  with  an  average 
width  of  perhaps  600  feet,  giving  a  pond  area  of  about  29,000,000  square  feet,  or  not  far  from  a  square  mile.  This 
area,  in  connection  with  the  large  ponds  on  the  stream,  above,  is  sufficient  to  prevent  any  waste  of  water  in  a  dry 
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season ;  and  it  sometimes  occurs  that  there  is  scarcely  any  waste  of  water  over  the  dam  for  weeks  at  a  time,  though 
at  such  times,  even,  the  mills  are  using  considerable  surplus  water  (see  page  27).  The  water  has  been  drawn  nearly 
2  feet  below  the  top  of  the  flash-boards  in  very  dry  seasons,  owing  to  the  large  quantity  of  water  used  at  night, 
when  none  is  allowed  to  pass  the  Lowell  dam. 

The  fall  at  the  mill-wheels  in  Lawrence  is,  during  ten  months  of  the  year,  from  26  to  30  feet.  During  the  spring 
and  autumn  freshets  it  is  often  reduced  to  20  feet  for  a  few  days,  and  on  one  occasion,  in  April,  1852,  it  was  reduced 
to  7  feet  for  a  few  hours.  This  was  the  greatest  freshet  known  in  one  hundred  years.  There  is  a  difference  in  fall 
of  only  0.3  or  0.4  feet  between  the  head  and  the  foot  of  the  canal.    The  table  on  page  27  gives  the  mills  using  power. 

The  Essex  Company  sells  power  at  Lawrence  by  the  "  mill-power",  which  is  defined  as  follows  : 

Eacli  milJ-power  is  declared,  to  be  the  riglit  (o  draw  from  tlie  nearest  canal  or  water-course  of  the  grantors,  and  through  the  land 
to  be  granted,  so  much  water  as  shall  give  a  power  of  30  cubic  feet  of  water  per  second,  when  the  head  and  fall  is  25  feet ;  and  no  more 
is  to  be  drawn  in  any  one  second,  nor  i  s  the  same  to  be  drawn  more  than  16  hours'  in  each  day  of  twenty-four  hours — and  in  order  to  prevent 
disputes  as  to  the  power  of  each  mill-privilege  in  the  variations  of  the  height  of  water  from  changes  in  the  season  or  other  causes,  it  is 
understood  and  declared  that  the  quantity  of  water  shall  be  varied  in  proportion  to  the  variation  of  the  height,  1  foot  being  allowed 
and  deducted  from  the  height  of  the  actual  head  and  fall,  and  also  from  that  with  which  it  is  compared  before  computing  the  proportion 
between  them :  thus  on  a  head  and  fall  of  30  feet  the  quantity  of  water  to  be  used  would  be  24f|  cubic  feet  per  second ;  and  the  respective 
parties,  where  either  has  any  lawful  interest  therein, may  at  all  reasonable  times, in  a  peaceable  manner,  and  after  due  notice  to  the 
principal  steward  or  agent  then  on  duty  at  any  mill,  enter  the  raceway  thereof  to  measure  and  compare  the  quantity  of  water  used  with 
the  quantity  granted,  and  in  the  measurement  all  wastage  shall  be  included. 

To  express  in  other  words  the  method  of  determining  the  quantity  of  water,  instead  of  dividing  750  (the 
product  of  25  and  30)  by  the  fall,  720  is  divided  by  the  fall  minus  one  foot.  Tables  are  used  in  the  office,  giving 
quantity  of  water  per  mill-power  corresponding  to  fall.  The  Essex  Company  is  to  maintain  the  same  and  principal 
canals;  the  raceways  and  flumes  of  the  mills  are  property  of  the  grantees.  I  quote  further  from  the  "proposals", 
as  follows : 

In  order  to  continue  in  the  grantors  an  interest  in  common  with  the  grantees  for  the  preservation  and  support  of  the  mill-powers  which 
may  be  granted,  and  to  secure  a  fund  to  indemnify  the  grantees  for  expenses  which  may  be  incurred  by  them  for  mating  repairs,  if  the 
grantors  should  improperly  neglect  to  make  them,  it  is  proposed  that  part  of  the  consideration  of  every  sale,  and  all  that  is  to  be  allowed 
the  grantors  for  the  repairs,  etc.,  by  them  assumed,  should  be  paid  or  secured  to  them  in  the  form  of  a  reservation  of  rent.  It  is  therefore 
declared  that  each  mill-J)ower  with  the  land  to  which  it  is  annexed  shall  forever  be  subject  to  a  perpetual  annual  rent  of  at  least  two 
hundred  and  sixty  ounces,  troy  weight,  of  silver  of  the  present  standardfinenessof  the  silver  coin  of  the  United  States,  (a)  or  an  equivalent 
in  gold,  at  the  option  of  the  grantee  at  the  time  of  payment. 

The  following  additional  quotations  from  the  *^ proposals"  need  no  elucidation: 

■  If  any  grantee  shall  sustain  any  injury  from  deficiency  of  water  happening  from  any  cause  whatever,  other  than  his  own  neglect  or 
misconduct,  his  rent  may  cease  during  the  time  such  deficiency  may  continue,  but  no  hmger.  Provided,  that  where  more  than  one  mill- 
power  shall  be  granted,  the  grantee  shall  pay  rent  for  so  many  mill-powers  as  shall  remain  *  *  * ;  and  if  such  deficiency  should 
happen  through  the  misconduct  or  willful  neglect  of  the  grantors,  the  grantees  shall  have  a  right  to  recover  damages  in  an  action  at  law 
against  the  grantors,  in  addition  to  the  rent  to  be  withheld  as  aforesaid. 

If  any  grantee  shall  suffer  damage  from  want  of  water  from  causes  not  arising  from  his  own  neglect  or  misconduct,  and  which 
may  be  removed  or  remedied,  and  the  grantors  shall,  after  due  notice  for  that  purpose,  unreasonably  fail  to  remove  the  obstructions  or 
remedy  the  mischief,  the  grantees  injured  «  *  *  may  *  »  *  remove  or  remedy  the  causes  of  injury;  and  to  pay  and  indemnify  them 
for  the  expense  and  charge  thereby  incurred,  such  grantees  shall,  after  the  expiration  of  thirty  days  from  the  time  the  amount  of  such 
expense  shall  have  been  adjusted  *  »  *  have  a  lien  upon  all  the  rents  which  may  have  been  reserved  to  the  grantors  upon  the  sale  of 
any  mill-power,  and  which  may  become  payable  after  the  expiration  of  said  thirty  days,  and  may  *  *  *  demand,  sue  for,  and  receive 
the  same  until  they  shall  be  fully  reimbursed  as  aforesaid. 

The  grantees  are  not  to  use  more  water  than  is  granted,  nor  waste  it,  nor  permit  it  to  be  wasted,  for  want  of  repairs  or  through 
the  deficiency  of  their  works  or  otherwise;  and  if  so  wasted,  or  more  be  used  than  is  granted,  the  grantors  may  stop  the  water  from 
entering  their  flumes  by  closing  the  gates  across  them,  or  by  any  other  method,  until  such  waste  or  excessive  use  be  guarded  against ;  and 
may  also  at  the  same  time  have  their  action  at  law  for  damages;  and  other  grantees  who  shall  suffer  thereby  may  also  have  their  actioa 
at  law  for  damages. 

Under  these  proposals  the  Essex  Company  has  sold  128  mill-powers,  or  (as  a  mill-power  is  equivalent  to  a 
gross  power  of  85.23  horse-power)  10,909  horse-power.  A  mill-power  was  originally  valued  at  about  $15,000,  and 
all  the  original  grantees,  including  all  the  large  corporations  on  the  north  side,  paid  about  $10,000  down,  and 
continue  to  pay  an  annual  interest  on  the  remainder  of  about  6  per  cent.,  or  $300  per  annum  per  mill-power,  defined 
in  weight  of  silver.  Of  late  years,  however,  the  company  has  leased  power  for  annual  payment  in  currency, 
without  an  original  cash  payment,  and  all  the  newer  mills,  including  those  on  the  south  side,  pay  an  annual  rent  of 
$1,200  per  mill-power.    This  rate  is  equivalent  to  $14  08  per  gross  horse-power  per  annum. 

The  following  table  gives  a  list  of  the  mills  now  operated,  the  power  owned  by  each,  and  other  items  of  interest, 
with  references  to  Fig.  7 : 


a  Two  hundred,  and  sixty  ounces  of  silver,  as  above  defined,  are  eqniyalent  in  value  to  about  $300. 
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Table  giving  ^details  regarding  the  mills  a7id  power  at  Lawrence,  Massachusetts. 


Name  of  corporation  or  flrai. 


I  Main  Pacific      > 

Pacific  Mills  J  Central  Pacific  5 

Atlantic  Cotton  Mills , 

"Washington  Mills , 

Pemberton  Mills 

Lawrence  Buck  Company 

Everett  Mills , 

Lawrence  "Woolen  Company 

George  E.  Davis  &  Son *. 

"Wright  Manufacturing  Company. . . 
Lawrence  Spindle  and  Flier  "Works. 

Dawson  &  Dustin 

Eussell  Paper  Company 

"William  McAllister 

Jerome  A.  Bacon 


Total  from  north  canal 


Davis  &.  Taylor 

Munroe  Felt  and  Paper  Company. 

Merrimack  Paper  Company 

Butler  &  Robinson 

Clegg  &.  Fisher 

ITnion  Mill 

K  W.  Farwell  &  Son 


Total  from  south  canal. 


Total  on  both  sides  of  the  river. 


a  a 

DO 


b 


Goods  manufaotnTed,  or  lilnd  of 
mill. 


Cotton,  woolen,  worsted,  etc. 


Cotton 

Woolen  and  cotton 

, do 

Duck,  felt,  and  twines 

Cotton  and  duck 

Woolen 

Foundery  and  grist-mill , 

Braid 

Spindles,  iliers,  and  machine-shop 
Leather-board  and  machine-shop . 

Paper 

Shoddy  

Paper 


Floni  and  grain 

Paper 

do 

Worsted  yam — 
Leather-board  .  - 


Bleachery  . 


Number 
of  spin- 
dles, (a) 


160,  500 

87,  888 
15,  000 
28,  000 

8,000 
32,  006 

3,280 


Num- 
ber of 
looms,  (a) 


4,500 

1,805 

1,404 

669 

140 

1,000 

50 


334,  764 


334,764 


9,568 


9,568 


Water 
taken, 
from, 
which 
canal. 


North  . 

...do'- 

...do.- 
,...do  .. 
...  do.. 

...do-. 

...do.. 
...do.. 

...do.. 
...do.. 

...do.. 

...do.. 

...do.. 

...do.. 


South... 
..  do... 
...do... 
...do... 
...do... 
...do... 
...do... 


Head 
and 
fall. 


Feet. 
28  ± 

28  ± 
28  + 
28  ± 
28  ± 
28  ± 
28  ± 
28  ± 
28  ± 
28  ± 
28  ± 
28  ± 
28  ± 
28  ± 


28± 
28  ± 
28  J: 
28± 
28  ± 
2«d: 

28± 


rOWKU  OWNED. 


Mill- 
powers, 


25 
11 
22 
17 
12i 
5 
10 

n 

i 

i 
6i 
i 

2 


115 


13 


128 


Horse- 
powers 
(gross). 


2,131 

»38 

1,875 

1,449 

1,065 

426 

852 

128 

57 

43 

71 

43 

640 

14 

170 


9,802 


170 
256 
256 
170 
170 


85 


la,  910 


Steam- 
power  in 

horse- 
powers, (a) 


2,400 

500 

1,000 

300 


4,200 


Quantity 

of  water  in 

cubic 

feet,  per 

second.  (6) 


666.  67 
293.  33 
586.  66 
'  453.  33 
333.  33 
133.  33 
266.  67 
40 

17.77 
13.33 
22.22 
13.33 
168.  87 
4.44 
53.33 


3,  066.  67 


53.33 

80 

80 

53.33 

53.33 


346.66 


3,  413.  33 


a  These  dataare  taken  from  the  "Annual"  for  1882,  published  by  the  Lawrence  American. 

b  The  quantity  of  water  is  calculated  for  a  fall  of  28  feet,  at  the  rate  of  26f  cubic  feet  per  second  per  mill-power. 

The  Union  mill,  on  the  south  canal,  belongs  to  the  Essex  Company,  which  owns  the  wheel  and  rents  room  with 
power  to  the  Lawrence  Line  Company,  Messrs.  Stedman  &  Smith,  machinists,  and  the  Lawrence  Blectric-Light 
Company.    About  two  mill-powers  are  used  in  this  mill. 

In  addition  to  the  iDOwer  owned  and  utilized  as  above  described,  a  coosiderable  amount  of  surplus  power  is 
Utilized  by  a  number  of  the  mills,  in  accordance  with  regulations  from  which  the  following  extracts  are  made: 

I.  The  use  of  such  surplus  water-power  shall  be  permitted  to  a  party  desiring  to  use  the  same,  only  on  the  express  condition  that  it 
shall  furnish  the  engineer  of  the  Essex  Company  with  all  reasonable  facilities  for  ascertaining  the  quantities  used  by  it,  and  that  it  shall 
comply  with  such  reasonable  requirements  as  he  may  from  time  to  time  make  in  relation  thereto,  and  with  such  limitations  as  to  the 
amount  of  surplus  water-power  which  it  may  use,  as  he,  having  in  view  the  supply  of  water  in  the  river,  and  the  respective  wants  of  the 
different  parties  using,  may  deem  it  expedient  from  time  to  time  to  prescribe  ;  but  the  limitation  so  to  be  prescribed  by  him  shall  not 
restrict  a  party  without  its  assent  to  a  less  quantity  of  water  than  would  be  allowed  to  it  under  the  general  limitation  provided  for  in 
Article  III. 

III.  The  Essex  Company,  whenever  in  their  opinion  the  supply  of  water  renders  it  expedient  as  a  matter  of  necessity  or  precaution, 
may  limit  the  use  of  surplus  water-power  to  a  certain  percentage  of  the  aggregate  amount  then  granted  by  indenture  as  aforesaid,  but 
such  limitation  shall  be  uniform  in  its  application  to  all  those  grantees  who  shall  then  have  agreed  for  the  use  of  surplus  water-power 
under  these  regulations,  and  shall  be  in  proportion  to  the  number  of  mill-powers  owned  by  them  respectively. 

The  prices  paid  for  surplus  power  are  as  follows,  for  each  day  upon  which  such  power  is  used,  viz :  For  each 
surplus  mill-power  or  part  thereof  not  exceeding  20  per  cent,  of  the  amount  owned  by  the  party,  at  the  rate  of  $4 
per  mill-power ;  for  each  surplus  mill-power  or  part  thereof  in  excess  of  such  20  per  cent.,  but  less  than  50  per  cent, 
of  the  amount  owned,  at  the  rate  of  $8  per  mill-power ;  for  each  surplus  mill-power  or  part  thereof  in  excess  of  such 
50  per  cent.,  at  the  rate  of  $4  per  mill-power. 

The  amount  of  surplus  power  used  varies  with  the  season.  In  a  dry  time  its  use  is  sometimes  restricted  and 
divided  according  to  Article  III,  given  above.  Since  the  Essex  Company  has  leased  power  the  use  of  surplus  has 
been  limited  upon  forty  days,  thirty-four  of  which  were  in  the  fall  of  1880  and  six  in  January,  1883.  Upon  two 
days  only  the  limitation  was  as  low  as  25  per  cent.,  all  lessees  being  then  allowed  to  draw  125  per  cent,  of  the 
amount  of  power  held  by  them.  Upon  the  other  days  the  limitation  was  such  as  to  allow  the  lessees  to  draw  140, 
150,  or  175  per  cent,  of  the  amount  of  power  leased.  Some  of  the  lessees  draw  no  surplus  power,  while  others 
draw  an  amount  equal  to  over  100  per  cent,  of  their  regular  power.  The  smallest  number  of  surplus  mill-powers 
used,  on  the  average,  during  the  driest  week  of  the  extreme  drought  of  1880  was  27  (making  the  total  power  used 
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155  mill-powers) ;  and  the  smallest  number  used,  on  the  average,  during  any  month  has  been  35  (making  the  total 
power  used  163  mill-powers),  during  working  hours.  Hence  we  may  take  the  minimum  power  of  the  stream  during 
working  hours  as  155  mill-powerfe,  or  13,160  gross  horse-power,  (a)  The  company  can  still  lease  a  considerable  amount 
of  power,  but  the  total  low-water  power  of  the  stream  is  now  utilized,  though  to  some  extent  as  surplus  power. 
Some  mills  use  steam-power  all  the  time,  while  others  use  it  only  at  high  water,  on  account  of  insufficient  wheel- 
capacity  when  the  fall  is  diminished.  The  paper-mills  -run  continuously  except  Sunday,  but  in  low  water  are 
sometimes  required  to  stop  during  the  night;  the  other  mills  run  sixty  hours  a  week,  or  about  eleven  hours  on 
every  day  except  Saturday,  in  summer,  and  lOJ  in  winter.  The  mills  experience  little  trouble  with  ice.  The  canal 
often  freezes  over  at  night,  but  is  cle.ared  out  in  the  morning  before  the  mills  start.  The  large  mills  never  have  to 
stop  .for  this  cause,  but  some  of  the  small  mills  at  the  lower  end  of  the  north  canal  are  sometimes  obliged  to  stop 
for  an  hour  or  so. 

In  the  methods  adopted  in  Lawrence  for  measuring  the  quantity  of  water  drawn  by  the  difterent  mills,  the 
principle  followed  is  to  gauge  the  quantity  every  day,  some  time  during  ordinary  working  hours.  Accordingly, 
each  mill  is  visited  every  day  by  an  inspector,  who  observes  and  records  the  following, data:  (1)  The  height  of  water 
in  the  canal  at  or  near  the  head  of  the  penstock ;  (2)  the  height  of  water  in  the  river ;  (3)  the  height  of  water  in  the 
penstock,  a  short  distance  above  the  wheel,  rdad  by  means  of  a  tube  screwed  at  right  angles  into  the  outside  of  the 
penstock,  and  connecting  above  with  a  glass  tube  placed  against  a  scale-board ;  (4)  height  of  water  in  the  wheel-pit ; 
and  (5)  height  of  the  speed-gate,  all  the  wheels  used  being  turbines.  In  order  to  be  sure  of  the  correctness  of  these 
readings,  the  canal  and  penstock  gauges,  as  well  as  the  pit  and  river  gauges,  are  periodically  compared  when  the 
mills  are  not  running,  and  if  the  two  readings  do  not  agree  the  error  is  noted.  It  may  be  remarked  here  that  all 
gauges  are  intended  to  be  set  at  the  same  datum,  so  that  their  readings  may  be  strictly  comparable  without  any 
reduction.  In  order  to  be  sure  that  the  penstock-gauge  tube  is  freely  open,  it  is  periodically  tested  when  the  water 
is  drawn  out  of  the  canal  by  pouring  water  into  it. 

The  difference  between  1  and  2  gives  the  total  fall;  and  for  this  fall  the  quantity  of  water  to  which  the  mill  is 
entitled  is  found  in  the  table  giving  "quantity  of  water  per  mill-power  corresponding  to  fall".  If  a  corporation 
does  not  utilize  nearly  the  whole  of  this  fall  it  is  its  own  fault.  The  difference  between  3  and  4  gives  the  fall  acting 
on  the  wheel,  and  this,  together  with  the  height  of  the  speed-gate,  affords  a  means  of  determining  the  quantity  of 
water  actually  used,  by  comparison  with  diagrams  prepared  for  the  purpose,  in  a  way  described  below,  and  which 
give,  for  any  fall  and  gate-opening,  the  quantity  passing,  there  being  a  diagram  for  each  wheel.  The  quantity 
used  each  day  being  compared  with  that  to  which  the  mill  is  entitled,  the  excess  is  found  and  the  price  for  the 
surplus  water  determined  according  to  rules  already  given.  The  quantities  are  worked  up  systematically  and 
with  great  care. 

The  diagrams  referred  to  are  prepared  by  making  measurements  of  the  quantity  of  water  drawn  by  each  wheel 
under  differefit  heads  and  at  different  heights  of  gate,  when  the  wheels  are  known  to  be  in  good  condition,  horizontal 
distances  representing  quantities  of  water,  and  vertical  distances  heights  of  gate.  In  constructing  the  curves  for 
different  heights  of  fall,  due  account  is  taken  of  the  variq,tion  of  the  quantity  with  the  fall  and  with  the  relative 
velocity  of  the  wheel  and  the  issuing  water,  as  well  as  of  the  way  in  which  the  wheel  is  set.  These  measurements 
are  repeated  at  short  intervals  of  .time,  to  determine  if  any  change  has  occurred  in  the  amount  discharged  by  the 
wheels.  Such  change  may  be  produced  by  leaves  and  sticks  piling  upon  the  guides,  as.of  the  Boyden  turbine,  or 
by  blocks  or  bits  of  coal  obstructing  the  outlets,  or  by  increased  leakage  between  the  wheel  and  its  gate  or  case,  or 
by  breakage  and  loss  of  a  bucket,  or  by  the  gate-hoisting  apparatus  being  out  of  order,  or  by  the  wheel-step  wearing 
down.  These  frequent  measurements  are  also  necessary  to  determine  the  amount  wasted  by  wheels  not  in  use,  and 
auy  leakage  from  the  flumes,  and  the  water  used  for  washing  and  other  purposes  which  does  not  pass  through  the 
wheels.  The  differences  between  the  results  of  these  measurements  and  those  given  by  the  diagrams  is  noticed 
and  allowed  for  in  subsequent  use  of  the  latter. 

Five  different  methods  of  making  these  measurements  are  or  have  been  in  use  in  Lawrence,  which  will  be 
considered  in  order.  They  all  consist  in  gauging  the  quantity  of  water  used,  the  speed-gates  being  observed  at 
the  same  time,  as  well  as  the  height  of  the  water  in  the  penstock  and  the  pit. 

1.  Weir  measurements. — In  the  case  of  certain  mills,  weirs  are  placed  on  the  tail-races,  and  by  observing  the 
height  of  water  on  the  crest,  the  discharge  is  obtained,  with  due  reference  to  the  cirumstances  of  the  case,  according 
to  methods  which  need  not  be  further  discussed  here. 

2.  Flume  measurements. — These,  like  the  weir  measurements,  are  made  in  the  tail-races,  and  are  used  for  some 
of  the  large  mills.  The  velocity  at  numerous  points  is  obtained  by  means  of  loaded  poles,  the  results  of  the 
measurements  in  the  flumes  being  plotted  and  reduced  by  methods  well  known  to  engineers.  (6) 

a  Since  the  above  was  written  (February,  1883)  the  Merrimack  river  has  experienced  an  unprecedented  drought,  that  of  September, 
1883,  at  'which  time  additional  limitations  were  enforced  at  Lawrence.  The  flow  of  the  stream  averaged  at  the  lowest  period  about  1,390 
cubic  feet  per  second  for  twenty-four  hours  of  the  six  working  days,  being  but  little  in  excess  of  the  quantity  leased  if  drawn  regularly 
ten  hours  a  day.  The  minimum  power  of  the  stream  during  working  hours  should  therefore  be  now  placed  at  but  little  over  128  mill- 
powers,  or  about  10,867  gross  horse-power. 

b  See  Francis:  Lowell  By draulic  Experiments. 
7G 


WATER-POWER  OF  EASTERN  NEW  ENGLAND. 


29 


3.  Measurements  with  the  differential  tuhe.—  Thm  instrument  is  in  principle  what  has  been  known  as  Darcy's 
tube,  although  some  modifications  have  been  introduced  in  Lawrence.  It  consists  of  two  F-nitill  brpss  tubes,  open 
at  the  bottom,  whiuh  are  inserted  iu  the  current,  the  lower  end  of  one  being  turned  up  stream  and  that  of  the  other 
down  stream.  The  tubes  connect  above  with  glass  tubes  fixed  ou  a  scale-board,  there  being  diaphragms  and  stop- 
cocks between  the  glass  and  brass  tubes,  the  former  to  hinder  oscillations  of  the  colamn,  the  latter  to  shut  off  the 
columns  in  the  glass  tubes  and  prevent  oscillations  entirely.  The  water  will  stand  at  different  heights  in  the  two 
tubes,  and  from  the  difference  of  the  two  the  velocity  may  be  determined,  if  the  instrument  has  been  tested  beforehand, 
so  that  the  relation  between  the  velocity  and  the  difference  in  height  is  known.  The  two  glass  tubes  are  connected 
at  the  toil,  and  an  air-pump  is  used  to  exhaust  the  air,  so  that  the  water  will  rise  to  a  convenient  height  for 
measurement.  The  instrument  is  used  by  raising  dr  lowering  it  so  as  to  get  the  velocity  at  different  depths  in  a 
vertical  line,  the  depth  of  the  water  being  also  observed,  and  then  shifting  it  horizontally  so  as  to  get  the  velocities 
in  different  verticals  across  the  current.  The  mean  velocity  and  the  discharge  are  deduced  in  a  manner  similar  to 
that  used  in  flume  measurements.  When  time  is  not  available  for  a  complete  series  of  measurements,  the  velocity 
is  taken  at  one  point,  generally  in  the  center  of  the  section,  the  ratio  of  the  velocity  at  that  point  to  the  mean 
velocity  in  the  section  being  known  from  prcAnous  experiments. 

4.  Instruments  have  been  devised  by  Mr.  Mills,  the  engineer  of  the  company,  by  which  he  is  enabled  to 
observe  the  velocity  simultaneously  at  twenty-five  or  thirty  points  in  a  cross-section  of  an  open  or  closed  conduit, 
and  they  are  used  in  many  of  the  l^-rge  penstocks  for  determining  the  quantity  of  water  flowing;  but  Mr,  Mills 
wishes  still  further  to  perfect  these  instruments  before  presenting  them  to  the  public. 

5.  When  little  water  was  drawn  from  the  south  canal,  it  was  measured  by  shutting  the  head-gates  of  the  canal', 
and  observing  continuously  at  two  points  the  heights  of  the  surface  every  half  minute  for  fifteen  or  twenty  minutes, 
as  the  wheels  drew  the  water  from  the  canal,-  thus  using  the  canal  as  a  measuring  basin. 

From  the  above  description  of  the  methods  of  conducting  the  measurements  in  Lawrence  it  is  evident  that  the 
power  is  one  of  the  most  carefully  managed  in  this  country.  The  chief  engineer  of  the  company  is  Hiram  F.  Mills, 
to  whose  unvarying  kindness,  as  well  as  to  that  of  his  assistants,  the  above  information  is  due. 

Thedrainage  area  of  the  Merrimack  above  Lawrence  is  about  4,599  square  miles,  according  to  my  measurements,  (a) 

The  Merrimack  river  is  supplied  with  storage  reservoirs  in  New" Hampshire,  of  considerable  size,  so  that  in  dry 
weather  the  natural  flow  of  the  stream  may  be  increased  to  a  considerable  extent  by  drawing  on  these  reservoirs. 
At  the  time  of  the  extreme  drought  of  September,  1883,  however,  no  water  was  being  drawn  on  orders  from  these 
sources,  although  a  certain  very  considerable  quantity  is  always  allowed  to  flow  from  them,  as  will  hereafter  be  seen. 
As  these  reservoirs  are, partially  controlled  in  Lawrence,  they  may  be  described  here. 

The  Essex  Company  and  the  Proprietors  of  Locks  and  Canals  on  the  Merrimack  river  (at  Lowell)  form  together 
th^  Lake  Winnipiseogee  Cotton  and  Woolen  Manufacturing  Company,  a  corporation  chartered  in  1831,  and 
controlling  to  a  certain  extent  the  storage  on  a  number  of  lakes  in  the  state  of  New  Hampshire,  as  shown  by  the 
following  table : 

Storage  reservoirs  of  thS  Lahe  Company. 


Name. 

Area. 

Estimated 

depth  that 

maybe 

drawn. 

Remarks. 

LakeWlnnipiaeogee  and  Long  bay 

Smith's  pond  and  Crooked  pond 

Sq.  miles. 
71.75 
4.85 
7.33 
11.75 
7.80 

Feet. 
2.5 
4.0 
2.0 
3.5 
3.0 

1 

Tribatary  to  lake  Winnipiseogee. 
Below  lake  Winnipiseogee. 

Total 

103.48 



These  reservoirs,  being  drawn  upon  during  the  dry  season,  contribute  greatly  to  the  improvement  of  all  the 
water-powers  below  them.  They  are  not  drawn  upon  regularly,  and  generally  water  is  not  drawn  upon  order 
during  as  much  as  three  months  of  the  year,  though,  at  times,  several  hundred  cubic  feet  per  second  are  drawn. 
At  the  time  of  minimum  flow,  as  remarked  above,  no  water  was  being  drawn. 

The  lakes  named  in  the  above  table  are  shown  on  the  maps  of  the  Winnipiseogee  and  Pemigewasset  rivers. 
Th,ere  are  dams  as  follows :  At  the  outlets  of  New  Found  and  Squam  lakes  and  Smith's  pond,  at  Lake  Village  (below 
Long  bay),  'and  at  Union  bridge  (below  Great  bay).  At  all  of  these  places,  excepting  at  Smith's  pond,  the  company 
is  obliged  to  allow  a  certain  minimum  quantity  of  water  to  flow  at  all  times  past  the  dam,  so  that  it  is  unable  to 
utilize  the  storage  to  quite  so  good  advantage  as  it  otherwise  might.  Some  further  data  regarding  the  reservoirs 
will  be  given  hereafter.  The  following  figures,  however,  have  a  value  in  this  connection.  The  reservoirs  are  drawn 
from  at  all  times  of  the  year,  and  during  the  five  years  from  1873  to  1878  the  total  number  of  days  on  which  water 


a  Mr.  Mills  states  the  drainage  area  as  4,553  square  miles,  a  result  agreeing  with  mine  within  the  reasonable  limits  of  error. 
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was  drawn  from  lake  Winnipiseogee  on  orders  from  Lowell  or  Lawrence  was  226,  or  an  average  of  45  days  per  year. 
The  total  depth  of  water  thus  drawn  was  2.30  feet,  or  an  average  yearly  depth  of  0.46  feet,  the  maximum  in  any  one 
year  being  0.71  feet,  part  of  which  was  drawn  in  January  and  February,  and  part  in  September  and  October.  Thia 
shows  that  the  quantity  drawn  on  orders  is  small,  and  that  if  the  lake  is  drawn  down  4  feet,  as  is  sometimes  stated^ 
it  is  not  all  on  orders,  but  part  is  evaporated,  and  part  goes  to  supply  the  mills  on  the  streams  below,  which  must 
be  supplied  continuously. 

In  connection  with  the  flow. of  the  river,  reference  has  already  been  made  to  the  fact  that  measurements  are 
being  carried  on  at  Lawrence,  which  will  in  time  afford  data  for  a  most  valuable  history  of  the  flow  of  the  stream. 
The  amount  of  water  flowing  over  the  dam  every  day  is  determined  by  frequent  readings  of  the  gauges  in  the  pond, 
and  the  profile  of  the  top  of  the  flash-boards,  in  case  such  ar6  used,  is  found  by  leveling.  The  greatest  depth  of 
water  yet  observed  on  the  dam  is  about  10  feet. 

From  the  top  of  the  Lawrence  dam  to  the  top  of  the  Pawtucket  dam  at  Lowell,  a  distance  of  about  12  miles,  the 
fall  of  the  river  is  about  48  feet.  Of  this  fall  about  11  feet  occurs  at  Hunt's  falls,  9  miles  above  the  Lawrence  dam, 
in  a  distance  of  5,700  feet.  This  fall  is  owned  by  the  corporations  in  Lowell,  and  will  probably  never  be  improved, 
inasmuch  as  the  construction  of  a  dam  there  would  reduce  the  fall  at  the  mills  above  in  medium  and  high  stages 
of  the  water.    The  fall  is  thus  of  no  value  as  a  source  of  power. 

We  come,  therefore,  to  the  second  great  power  on  the  Merrimack  river,  that  at  Lowell. 

THE  WATEB-POWEE  AT  LOWELL,  MASSACHUSETTS. 

This  power  was  one  of  the  first  of  the  large  powers  in  this  country  which  was  systematically  brought  into  use, 
and  it  has  b'een  developed  and  controlled  in  so  admirable  a  manner  that  it  has  long  served  as  a  model  for  other 
works  in  various  parts  of  the  land.  The  first  step  toward  the  construction  of  any  hydraulic  works  on  the  river 
was  taken  June  27,  1792,  on  which  date  a  corporation  known  as  the  "  Proprietors  of  the  Locks  and  Canals  on. 
Merrimack  Eiver  "  was  chartered  for  the  purpose  of  improving  the  navigation  of  the  river,  and  rendering  it  navigable^ 
by  boats  from  tide-water  to  the  New  Hampshire  line.  No  dam  was  built ;  in  fact,  the  original  charter  prohibited 
the  building  of  dams;  but  the  canal  known  as  the  Pawtucket  canal  was  built  before  the  year  1800,  having  been 
opened  in  1796.  In  1801  a  petition  to  erect  a  dam  not  over  2  feet  high  was  sent  to  the  legislature,  but  was  probably 
not  granted.  It  would  seem,  however,  that  at  that  time  a  similar  dam  was  in  existence,  though  only  an  incomplete 
structure  extending  partly  across  the  river.  In  1822  the  Merrimack  Manufacturing  Company  was  incorporated, 
having  purchased  a  number  of  farms  near  the  falls.  This  company,  in  the  same  year,  enlarged  the  Pawtucket 
canal ;  and  although  the  records  are  not  very  clear  as  to  when  or  by  whom  it  was  constructed,  it  appears  that  in 
1821  there  was  a  wing-dam  at  the  head  of  the  falls,  together  with  a  saw-  and  grist-mill.  This  dam  extended  to 
what  is  known  as  Great  Rock,  and  its  top  was  "several  feet  below  the  top  of  the  present  dam.  In  1825  there  was  a 
temporary  dam  across  the  river,  and  in  1826  the  Merrimack  Manufacturing  Company  appears  to  have  made  a 
beginning  on  a  new  dam ;  but  in  the  same  year  this  company  transferred  all  its  real  estate  to  the  Proprietors  of 
Locks  and  Canals,  who  completed  the  dam  in  1830  to  2  feet  below  its  present  height  (or  to  30  feet  on  the  Locks  and 
Canals  scale).  It  was  raised  2  feet  in  1833  by  putting  on  two  courses  of  granite  stone,  and  its  expense  up  to 
February,  1833,  was  about  $10,000.  As  originally  constructed,  it  was  built  of  wooden  cribs  filled  with  stone,  and 
with  some  stone  laid  as  paving  below  the  dam,  to  prevent  its  being  undermined  where  it  was  not  built  on  rock. 
All  of  the  original  stone  work,  however,  was  laid  without  cement,  and  the  gravel  filling  washed  out  with  every 
freshet,  so  that  in  1839  the  dam  had  to  be  tightened  by  laying  a  course  of  masonry  in  cement  at  the  back  of  the 
capping.  Flash-boards  were  used,  and  in  1840  it  was  found  that  the  leakage  of  the  dam  and  flash-boards  was  93 
cubic  feet  per  second.  In  1847  that  part  of  the  dam  between  G-reat  Eock  and  the  gate-house  was  rebuilt  in  its 
present  position  to  conform  to  the  entrance  to  the  northern  canal,  which  was  built  during  that  and  the  previous 
year  (1846).  Its  top  was  level,  and  at  a  height  of  32  feet  on  the  Locks  and  Canals  scale ;  and  itis  section  is  similar 
to  that  in  Fig.  8.  The  lowest  course  in  the  face  is  doweled  to  the  foundation,  which  is  solid  rock,  and  the 
capping-stones  are  doweled  together  and  to  the  course  below.  The  capping-stones  and  the  slope-stones  behind 
them  are  clamped  together.  The  ashler  work  and  granite  backing  were  laid  without  cement — the  mortar-stone 
backing  and  leveling  in  cement;  the  joints  in  the  capping  were  filled  with  sulphur.  In  1869  the  directors 
considered  the  propriety  of  rebuilding  the  remainder  of  the  dam,  from  Great  Eoclc  to  the  north  side  of  the  river, 
but  it  was  net  decided  to  commence  the  work  till  February,  1875.  The  new  dam  was  built  on  nearly  the  same  site 
as  the  old  one,  and  its  section  is  shown  in  Fig.  8.  The  rock  foundation  is  stepped  off  to  receive  the  ashler  work,  and 
the  stones  were  laid  at  first  without  cement  in  beds  or  joints,  and  then  grouted,  course  by  course,  with  pure  Portland 
cement.  The  backing  is  laid  in  a  mortar  consisting  of  equal  parts  by  measure  of  the  Newark  Lime  and  Cement 
Company's  cement,  and  clean,  sharp  sand.  This  was  done  to  provide  for  possible  disintegration  and  loss  of  cement,- 
at  and  near  the  face  of  the  dam,  from  the  action  of  water  and  frost.  As  it  is,  the  bearings  will  not  be  affected  by 
the  failure  of  the  cement.  In  the  portion  of  the  dam  built  in  1847  the  ashler  was  laid  without  cement  in  any  form, 
with  the  same  object;  but  some  of  the  stretchers  have  worked  out,  to  prevent  which  occurrence  the  new  dam  was 
grouted.    The  bed. and  joints  of  the  capping,  up  to  the  level  A  B,  were  grouted  with  Portland  cement  in  the  same 
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Fig.  8,      SECTION  OF  DAM  AT  LOWELL,   MASS. 


SECTION  WHERE  14  FEET  HIGH  ON  FACE. 

Where  the  dam  is  more  than  14  feet  hi.:_;h,  the  part  below  14  feet 

from  the  top  is  20  feet  thick,  except  at  the  "  deep  place." 


Level  of  ioj)  of  danv. 


LeveT  of  0  of  canal.. 


Fig.  9. 
SECTION   OF   GREAT   RIVER    WALL  AT   LOWELL,    MASS. 

1326  feet  from  north  nido  oi  Pav^l-ucket  Bridge. 


Mg.  10. 

MAP  OF   LOWELL.   MASS., 
showing-  location  of  ths  Mills  and  Canals. 
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manner;  above  A  B  the  joints  and  the  If -inch' iron  dowels  of  the  capping  were  filled  with  melted  sulphur.  The 
crest  of  the  dam  (18  inches  wide)  is  fine-hammered,  and  designed  to  be  at  the  exact  mean  height  of  the  dam  of 
1847;  above  this,  as  in  the  old  dam,  there  are  flash-boards  2  feet  high.  In  what  is  called  "the  deep  place",  at  the 
lowest  point  qf  which  the  bed  is  38.3  feet  below  the  top  of  the  dam,  the  foundation  was  prepared  for  the  ashler 
work,  for  a  distance  of  100  feet,  by  leveling  up  with  rubble  masonry  in  cement  to  a  height  of  20.6G  feet  below  the 
top  of  the  dam.  Great  Eock  was  cut  down  and  capped  with  grauiie  in  1875,  and  First  and  Second  rocks  in  1876. 
The  total  length  of  the  dam  is  1,093.5  feet,  its  height  varying  from  2  feet  or  so,  on  the  north  side  of  tbe  river,  to 
16  feet,  excluding  "the  deep  place".  Its  crest  is  at  32  feet,  and  the  top  of  the  flash-boards  at  34  feet,  on  the 
company's  scale.  It  extends  in  a  very  broken  line  up  stream,  often  quite  in  the  direction  of  the  current,  its  south 
end  being  700  or  800  feet  below  its  north  end.  The  total  cost  of  rebuilding  the  dam  in  1875  and  1876  was 
$104,056  75;  that  of  building  the  dam  of  1847  was  about  $10,000,  making  the  total  cost  of  the  dam  about 
$114,000.  The  works  were  carried  out  under  the  supervision  of  Mr.  J.  B.  Francis,  the  present  agent  and  engineer 
of  the  company,  whose  connection  with  the  company  commenced  November  22,  1834,  and  has  since  been 
uninterrupted,  (o) 

The  dam  deadens  the  current,  in  the  ordinary  state  of  the  river,  for  about  18  miles,  formiug,  in  low  water,  a 
reservoir  of  about  1,120  acres,  which  is  sufficient  to  store  the  low- water  flow  of  the  river  during  the  night-time, 
allowing  the  entire  daily  flow  of  the  stream,  during  the  dry  season,  to  be  utilized  during  ordinary  -working  hours, 
as  at  Lawrence.  The  dam  is  situated  at  the  head  of  what  are  known  as  Pawtucket  falls,  and  for  a  distance  of  half 
a  mile  below  the  gate  house  the  bed  of  the  stream  is  solid  rock,  the  fall  rapid,  and  the  banks  high  and  rocky.  Two 
canals  lead  the  water  from  above  the  dam,the  original  Pawtucket  canal,  enlarged  in  1822  and  1823,  and  the  northern 
canal  (see  map),  both  on  the  south  side  of  the  river.  Various  other  canals  intersect  these  two,  all  of  which  are 
shown  on  the  accompanying  map  of  Lowell  (Fig.  10),  and  regarding  which  data  are  also  given  in  the  following  table: 


Canals  at  Lowell,  Massachusetts,  (a) 


l^ame. 


Desig- 
nation 
on 
map. 


Pawtnoket: 

TTpper  level 

Lower  level 

Hamilton 

Eastern 

Northern 

Western 

Do 

Merrimack 

Lowell 

Moody-street  feeder. 


1-1 
2-2 
3-3 
4-4 
5-5 
6-6 
6-6' 
7-7 
8-8 
9-9 


Section. 


Irregular  ... 
Hectangalar  . 
...do 


...do 

..  do 

...do 

...do 

Kectangolar  and  irregular. . 
Ksctangnlar 

Rectangular  and  arched  over. 


Length 

(approxi. 

mate). 


Feet 
6,500 
2,200 
1,600 
2,000 
4,100 
3,600 
1,000 
3,400 
500 
1,390 


Depth      I      Width 
{approxi.    ;   (approxi- 
mate),     j      mate). 


Feet. 

10 

7 

10 

8 

16  to  21 

10 

8 

10 

10 

ilO 


Feet. 

Irregular. 

100 

50 

42  to  66 

100 

15  to  115 

30  to  80 

50 

30 

30 


On  what 
level. 


Upper. 
Lower. 
TTpper. 
Lower. 
Upper. 

Do. 
Lower. 
Upper. 

Do. 

Do. 


a  Total  length  of  canals,  ahout  5  miles.  Bottom  of  lower  level,  at  about  9  feet  on  scale.  River  behind  mills,  at  low  water,  at 
about  2  feet  on  scale.  Water  surface,  lower  level,  at  about  17  feet  on  scale.  Bottom  of  upper  level,  at  about  22  feet  on  scale. 
■Water  surface,  upper  level,  at  about  32  feet  on  scale. 

b  In  middle  of  arches. 

These  canals  are  in  many  respects  extremely  interesting  from  an  engineering  point  of  view.  With  the 
exception  of  the  Moody-street  feeder,  they  are  all  open,  and  generally  rectangular  in  section,  only  the  upper  level 
of  the  Pawtucket  canal  and  the  Merrimack  canal  being  irregular  in- places.  The  Moody-street  feeder,  which  was 
built  through  Moody  street  to  connect  the  western  and  the  Merrimack  canals,  is  an  underground  conduit,  di^'ided 
into  three  parts  by  two  longitudinal  walls,  forming  the  piers  for  three  arches,  which  close  the  conduit  on  top.  It 
is  1,390  feet  long,  and  each  of  the  three  sections  is  10  feet  wide  in  the  clear,  and  7  feet  high  from  the  floor  to  the 
springing  of  the  arches.  The  latter  are  of  brick,  1  foot  thick,  and  segmental,  the  radius  being  5  feet  8  inches 
and  the  rise  3  feet.  The  side  walls  are  2^  feet  thick,  and  the  piers  15^  inches  at  top,  spreading  to  23  inches  at  the 
bottom.  The  feeder  cost  $86,131  81,  or  about  $62  per  running  foot.  The  northern  canal  was  built  at  great  cost, 
being  separated  from  the  river,  for  a  distance  of  about  a  quarter  of  a  mile,  between  c  and  d  on  the  map  (Fig.  10), 
by  a  great  river-wall  of  masonry,  in  places  36  feet  high,  and  a  section  of  which  is  shown  in  Fig.  9.  This  wall  is 
founded  on  ledge,  and  is  provided  with  four  large  and  two  small  sluice-openings,  for  emptying  the  canal,  together 
with  an  overflow.  Between  d  and  e  on  the  map  the  canal  is  excavated,  but  a  wall  is  carried  down  to  the  ledge, 
on  the  river  side.  The  total  cost  of  the  northern  canal  was  $551,584  70.  The  head-gates  of  the  northern  and 
the  Pawtucket  canals  are  all  worked  by  hydraulic  power.  Those  of  the  former  are  ten  in  number,  each  8  feet 
wide,  and  filling  an  entire  opening  between  piers.  The  lift  is  15  feet,  making  the  area  of  gate-opening  1,200  square 
feet,  and  they  are  rai-sed  by  means  of  a  small  turbine  wheel  which  drives  a  line  of  shafting,  from  which,  by  means 


a  It  is  a  pleasure  to  acknowledge  here  my  great  indebtedness  to  Mr.  Francis  and  liis  assistants  for  the  information  contained  in  these 
pages,  and  for  revision  of  the  manuscript. 
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of  belts,  the  hoisting  apparatus  is  driv,eii.  At  the  Pawtucket  canal  the  gates  are  five  in  number,  9  feet  long 
and  with  a  lift  of  10  feet,  making  the  area  of  gate-opening  450  square  feet.  They  are  raised  by  being  attached 
directly  to  a  piston,  which  is  raised  by  hydraulic  pressure  obtained  from  the  water-pipes  from  the  company's 
private  reservoir.    The  details  of  these  gates  are  worthy  of  careful  study. 

The  fall  at  Lowell,  at  ordinary  low  water,  is  about  35  feet,  of  which  about  2  feet  is  lost  iu  cousequeuce  of  the 
descent  in  the  canals,  leaving  a.  net  fall  of  about  33  feet.  In  severe  freshets,  however,  the  water  below  the  mills 
rises  10  or  12  feet,  and  it  has  been  (in  1852)  13  feet  7  inches  deep  on  the  dam;  the  fall,  therefore,  varies  between 
about  33  and  20  feet.  About  one-sixth  of  the  water  is  used  on  the  entire  fall,  and  the  remainder  is  used  twice  over, 
on  falls  of  about  14  and  19  feet,  respectively.  The  lower  fall,  however,  was  reduced  to  3  feet  in  1852,  the  water 
rising  in  the  river  to  14  feet  on  the  scale ;  and  in  1878  the  water  rose  to  10  feet,  the  fall  being  only  7  feet.  Such 
cases,  however,  are,  of  course,  extremely  rare. 

The  water-power  of  the  Merrimack  at  Lowell  is  owned,  as  has  already  been  stated,  by  the  Proprietors  of  Locks 
and  Canals  on  Merrimack  River,  what  is  called  the  "permanent  power"  being  held  by  the  manufacturing  companies 
under  perpetual  leases.  The  capital  stock  of  the  Proprietors  of  Locks  and  Canals  is  held  entirely  by  the  ten  large 
manufacturing  corporations  using  the  power,  in  proportion  to  the  permanent  power  held  by  them,  respectively.  The 
power,  therefore,  unlike  that  at  many  other  places,  is  controlled  by  the  very  parties  who  use  it,  and  by  no  others, 
and  is  not  leased  or  sold  by  other  and  different  parties,  though  managed  by  a  quite  distinct  corporation.  It  may 
be  expected,  therefore,  that  the  price  of  water-power  in  Lowell  should  be  very  low,  and  this  will  be  seen  to  be  the 
case.  The  water-power  has  been  granted  by  the  Proprietors  of  Locks  and  Canals  in'  definite  quantities,  called  mill- 
powers,  as  in  Lawrence,  but  in  this  case  a  mill-power  is  defined  to  be 

The  right  to  draw  from  the  nearest  caual  of  the  said  Proprietors  so  much  water  as,  during  fifteen  hours  in  every  day  of  twenty-four 
hours,  shall  give  a  power  equal  to  25  cubic  feet  per  second  at  the  great  fall  when  the  head  and  fall  there  is  30  feet,  to  45.5  cubic  feet  per 
second  at  the  lower  fall  when  the  head  and  fall  there  is  17  feet,  and  to  60.5  cubic  feet  per  second  at  the  middle  fall  when  the  head  and 
fall  there  is  13  feet. .  And  in  order  to  prevent  disputes  as  to  the  power  of  each  mill-privilege  in  the  variations  of  the  height  of  water 
from  changes  of  the  season  or  other  causes,  it  is  understood  and  declared  that  the  quantity  of  water  shall  be  increased  in  proportion  to 
the  reduction  of  the  height",  *  »  »  one  foot  being  allowed  and  deducted  from  the  height  of  the  actual  head  and  fall,  and  also  from  that 
with  which  it  is  compared  before  computing  the  proportion  between  them. 

This  method  of  determining  the  quantity  of  water  is  similar  to  that  used  iu  Lawrence;  thus,  when  the  head 
and  fall  (from  canal  to  river)  is  29  feet  at  the  great  fall,  the  quantity  of  water  is  ff  of  25  cubic  feet  per  second,  the 
quantity  of  water  being  increased  on  account  of  the  smaller  fall,  not  in  the  proportion  of  30  to  29,  but  in  that  of 
29  to  28.  We  may  also  find  the  quantity  by  dividing  725  by  the  fall  minus  1  foot.  It  is  important  to  notice, 
however,  that  if  the  falls  are  more  than  those  stated  in  the  quotation  above  (^.  e.,  30  feet  on  the  total  fall — 13  feet 
on  the  upper  level,  and  17  feet  on  the  lower  level),  no  change  is  made  in  the  quantity  of  water  allowed,  so  that  the 
mills  obtain  gratis  the  benefit  of  any  additional  fall.  Now,  although  at  the  time  the  leases  were  made  the  fall  from 
the  upper  level  to  the  lower,  and  that  from  the  lower  level  to  the  river,  were  respectively  13  and  17  feet,  the  canal 
walls  have  been  raised  since  that  time,  so  that  the  actual  falls  now  are  14  and  19  feet.  In  the  table  on  page  33,  the 
smaller  falls,  which  may  be  called  the  nominal  falls,  are  given,  while  the  actual  falls  are  added  in  parentheses.  Tables 
are  ])repared,  as  in  Lawrence,  giving  the  quantity  of  water  per  mill-power  corresponding  to  fall.  The  Proprietors 
are  to  maintain  the  dam  and  canals,  while  the  flumes  and  raceways  are  to  be  kept  in  order  by  the  corporations. 
The  Proprietors  are  not  bound  to  furnish  power  between  the  hours  of  8  p.  m.  and  5  a.  m.  The  lease  contains 
various  other  stipulations,  regarding  injury  from  lack  of  water,  rights  of  the  Proprietors  to  measure  the  quantity  of 
water  used,  liability  of  either  party  to  damages  under  certain  circumstances,  etc.,  which,  however,  are  so  nearly 
like  those  which  have  been  already  quoted  as  being  in  use  in  Lawrence,  that  it  is  not  necessary  to  give  them  in 
detail.  The  permanent  power,  as  already  stated,  is  held  under  permanent  leases,  but  with  a  reserved  rent,  as  at 
Lawrence,  the  object  of  which  is  to  provide  for  the  management  of  the  same  and  the  maintenance  of  the  works. 
This  reserved  rent  for  the  permanent  power  is  fixed  at  $300  per  mill-power  per  annum,  or  (as  a  mill-power  is  equal 
to  about  85  gross  horse-power)  at  $3  53  per  gross  horse-power  per  annum,  which  is  only,  sufficient  to  cover  the 
necessary  expenses  of  maintaining  the  power.  Cash  payments  were  made  when  leases  were  given,  averaging  about 
$10,000  per  mill-power. 

The  following  list  gives  the  names  of  the  corporations  now  owning  power,  as  well  as  lihe  amount  owned  by 
each,  together  with  various  other  details : 
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Table  giving  details  regarding  the  mills  andjjower  at  Lowell^  MaxsachvHetts. 


a 
§ 
1 

1 

R 

Goods  man- 
ufactured 

Number  of 
spindles,  (a) 

. 

Water  discharged 
iuto— 

• 

.s 

H 

I'OWBlt  OWNED. 

s 

J, 

Quantify  of  water  in 
culiic  feet  per  sec- 
ond. 

n 

Kame  of  corporation. 

Number 

of 
looms,  (a) 

Wntor  taken  from— 

i 

o 

a 

o 
o 

b 

1 

£J3 

•si 

Merrimack  Maimfactoring 
Company. 

Hamilton    Mannfactnring 
Company. 

Appleton  Company 

Lowell       Manufacturing ) 
Company 5 

Lowell  Machine  Shop  (c) . . . 

Middlesex  Company 

Boott  Cotton  Mills 

A. 
B. 
C. 

D- 

E. 

F. 

G- 
H. 

I.. 
J. 

Cotton 

...do 

....do 

J  Cotton  and 
I   woolon 

153, 552 
59,  816 

45,  000 

f        23,750 

(worsted 

;  and  wool). 

2,  UOO 

[  (cotton). 

4,207 
1,597 

1,  228 

317 

(power 

carpet). 

75 

(lastiug). 

Merrimaclc  canal 

Hamilton  canal 

,...(lo 

Merrimack  river 

Lower  level  of  Paw- 
tuckct  canal. 

...  do 

530 
1(33.  5) 

13  (14) 
13(14) 

13(14) 

13(14) 

17(17) 

17(19) 
17  (19) 

13  (14) 
17(21) 

\  2438 
16 

m 

1713 
24J8 

13 

2,097 

1,360 

725 

714 

280 

490 

1,519 
2,085 

1,105 
1,470 

6,000 

1,200 

760 

1,040 

375 

125 

1,000 
950 

1,500 
1,000 

616.  667 
968.  000 
516.  267 

508.  200 

199.  650 

262.  383 

812.  933 
1110.  267 

780.  500 
787, 150 

740 
480 

^Merrimack  canal 

....do 

252 

Merrimack  rannl  and 
Macbme-sliop  bawin. 

Lower  level  of  Paw- 
tucket  canal. 

Eastern  canal 

-'" 

Northern  canal 

Lawrence  basin 

do         .  . 

99 

■Woolen 

Cotton 

..-.do 

•--  do 

...  do 

18, 640 

127,000 
119,528 

94,  000 
100,  000 

250 
(broad). 

3,000 

3,058 

2,700 
2,  300 

Concord  river 

Meirimack  river 

Merrimark  and  Con- 
cord rivers. 

Lawrence  luasin 

.Merrimack  river 

173 

53a 
736 

390 
519 

Massachusetts  Cottpn  Mills 

Tremontand  Suffolk  Mills. 

Lawrence   Manufacturing 
Company. 

Total i 

742,  -Jte 

20  052 

139'S 

11,845 

13,  940 

.«.; 

4,181 

1 

a  These  data  are  from    Annual  Statistics  of  Maivt/actares  in  Lowell  and  Neighboring  Towns,  January,  1E82. 

6  Figures  in  parentheses  are  actual  falls  (see  page  32). 

c  This  establishment  consumes  per  year  1,100  tons  wrought-iron,  8,500  tons  ca.st-iron,  and  200  tons  steel— in  all 
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It  appears,  therefore,  that  there  are  sold  at  Lowell,  iu  all,  ]39|i  mill-powers,  or  11,845  gross  horse-power  on  the 
original  leases.  As  giving  a  further  idea  of  the  magnitude  of  the  mills,  it  may  be  mentioned  that  the  total  capital 
invested  in  the  ten  corporations  named  in  the  table  is  $13,950,000,  and  the  total  number  of  oi5eratives  employed, 
16,665.  The  quantity  of  water  taken  from  the  river,  when  no  surplus  is  used,  is  3,595.284  cubic  feet  per  second, 
during  working  hours,  under  the  normal  falls.  Of  this,  61G.C67  cubic  feet  are  discharged  directly  into  the  river,  786.5 
into  the  Lawrence  basin,  and  the  remainder,  or  2,192.117  cubic  feet,  into  the  lower  level  of  the  Pawtucket  canal. 
The  quantity  taken  from  this  last  canal  and  discharged  into  the  river  is  2,191.583  cubic  feet  per  second,  while  from 
the  Lawrence  basin  781.150  cubic  feet  are  taken.  It  is  clear  that  the  water  is  utilized  almost  absolutely  without 
waste. 

As  in  Lawrence,  a  large  amount  of  surplus  power  is  used  in  Lowell,  in  accordance  with  regulations,  from  which 
the  following  extracts  are  made : 

1.  Any  company  who  shall  use  any  of  such  surplus  power,  but  to  an  extent  not  exceeding  40  per  cent,  of  the  whole  number  of 
permanent  powers  that  such  company  is  now  eutitled  to  use,  shall  pay  therefor,  as  a  contribution  toward  the  annual  expenditures  of  said 
Proprietors,  ^  per  mill-power  per  day  for  the  time  that  each  power  or  part  thereof  shall  be  u.sed. 

2.  In  order  to  restrain  the  use  of  such  surplus  power,  any  company  that  shall  be  found  to  have  used  more  of  it  than  40  per  cent,  of 
the  powers  so  held  and  owned  by  such  company,  shall  pay  for, all  excess  over  40  per  cent,  thereof,  and  not  exceeding  50  per  cent,  thereof 
at  the  rate  of  $10  per  mill-power  per  day;  and  for  all  excess  over  50  per  cent,  thereof,  and  not  exceeding  60  per  cent,  thereof,  at  the  rate 
of  $20  per  mill-power  per  day ;  and  when  more  than  60  pet  cent  excess  is  used,  such  company  shall  pay  for  the  whole  amount  of  surplus 
power  used  by  it,  at  the  rate  of  $20  per  mill-power  per  day. 

• 

As  in  Lawrence,  the  engineer  of  the  Proprietors  can  make  measurements  of  the  quantity  used  by  each  mill  as 
often  as  he  sees  fit,  and  can  limit  the  amount  of  surplus  power  to  be  used,  having  in  view  the  supply  of  water  in 
the  river,  "  such  limitations  to  be  uniform  in  their  application  to  all  said  companies,  and  to  be  iu  proportion  to  the 
mill-powers  owned  by  them  respectively."  If,  during  the  time  when  such  limitations  are  in  force,  any  company 
shall  use  a  quantity  of  water  in  excess  of  that  to  which  it  is  limited,  said  company  shall  pay  for  the  same  at  the 
rate  of  $75  per  mill-power  per  day  for  the  greatest  excess  used  on  each  day.  Quarterly  reports  are  made  and  accounts 
sent  in  to  the  ditt'erent  companies. 

6.  During  backwater  a  uniform  rate  of  $1  per  mill-power  per  day  shall  be  paid,  and  it  shall  be  considered  "backwater"  when  the 
height  of  the  water  in  the  river  at  the  gauge  back  of  the  mills  of  the  Merrimack  Manufacturing  Company  is  at  or  above  1  foot  below 
zero,  excepting  when  the  water  is  raised  to  that  point,  or  above,  by  ice. 

In  dry  weather  little  or  no  surplus  is  used,  while  during  "  backwater"  large  amounts  are  used,  some  companies 
using  up  to  75  per  cent,  of  what  they  own.  In  the  fall  and  winter  of  1880  and  1881  all  the  mills  were  limited  in  its  use, 
and  for  twenty-eight  days  during  that  period  its  use  was  prohibited.  The  greatest  amount  of  surplus  used  when 
th«re  is  no  backwater  is  about  30  or  40  per  cent,  of  the  power  owned.  The  minimum  power  available  during 
working  hours  is  consequently  entirely  utilized,  although  during  a  great  part  of  the  year  some  water  goes  to  waSte. 
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As  a  rule,  even  in  low  water,  water  flows  over  the  dam  earlj^  in  the  morning,  but  sometimes  there  is  no  waste 
whatever.  "We  may,  therefore,  take  the  minimum  power  of  the  stream,  during  working  hours,  as  ISQf^  mill-powers, 
for  the  companies  have  never  failed  to  obtain ,  with  the  Aid  of  the  lakes  in  New  Hampshire,  the  full  power  they  own.  (a) 
A  large  amount  of  steam-power  is  used,  as  the  table  shows;  some  all  the  time,  some  only  when  surplus  water  is  too 
expensive.  The  mills  run  from  6.45  a.  m.  till  noon,  and  from  1  i;ill  6  p.  m.,  stopping  at  4.30  on  Saturdays,  making 
sixty  hours  per  week,  the  legal  limit  for  the  employment  of  women  and  children  in  factories.  As  in  Lawrence, 
arrangements  are  made  for  disposing  of  ice,  and  there  is  little  interruption  of  work  caused  by  it. 

It  remains  to  describe  the  system  of  measuring  water  used  at  Lowell  for  the  purpose  of  determining  the 
quantity  used  by  each  mill.  The  method  adopted  is  in  most  essential  particulars  the  same  as  that  used  at  Lawrence, 
though  differing  in  many  matters  of  detail.  The  idea  is  to  get  a  direct  measurement  of  the  quantity  of  water  used 
by  each  mill  during  a  certain  period — say  a  week — when  the  rate  of  running  remains  about  the  same.  If  anything 
occurs  to  alter  the  quantity  of  water  consumed  a  new  measurement  is  made.  But  it  is  recognized  that  the  quantity 
of  water  used  varies  continually  during  the  period  chosen,  according  to  the  hour  of  the  day  and  the  day  of  the  week, 
being  greatest  on  Monday  morning  and  least  on  Saturday  afternoon.  Accordingly,  during  the  period  taken,  not 
one  measurement,  but  four,  are  usually  taken ;  one  on  a  Monday  morning,  one  on  an  ordinary  morning,  one  on  an 
ordinary  afternoon,  .and  one  on  a  Saturday  afternoon.  The  excess  or  surplus  used  above  the  power  owned  at  each 
of  these  times  is  calculated,  the  fall  from  canal  to  river  having  been  simultaneously  observed.  That  on  Monday 
morning  added  to  that  on  Saturday  afternoon,  and  to  five  times  that  on  ordinary  mornings  and  afternoons,  if 
divided  by  12,  gives  the  average  surplus  used,  and  this  is  taken  as  the  surplus  used  during  the  whole  period 
considered.  ' 

In  addition  to  these  measurements,  which  are  made,  perhaps,  rather  more  frequently  than  in  Lawrence,  daily 
records  are  made  in  Lowell  of  the  heights  of  water  at  each  mill  in  canal,  penstock,  wheel- pit,  and  river,  together 
with  height  of  speed-gate ;  but  these  observations  are  not  used  in  working  up  the  daily  quantity  of  water  discharged, 
as  they  are  in  Lawrence,  except  in  unusual  cases.  For  instance,  if  something  occurs  in  one  of  the  mills  which 
necessitates  stopping  one  wheel  for  a  few  days  and  substituting  another,  or  if  in  any  way  the  regular  rate  of  work 
is  interrupted  for  a  short  time,  during  which  a  flume  measurement  cannot  be  made,  then  the  daily  observations  are 
used  to  determine  the  quantity  used  during  said  time  of  interruption ;  said  quantity  being  obtained,  not  from 
diagrams,  but  from  tables  giving  similar  results.  These  tables  are  computed  as  follows :  For  each  wheel  the  area 
of  bucket-opening  and  the  area  of  guide-opening  are  found  by  measurement.  The  smallest  of  these  being  called 
A,  the  quantity  of  water  discharged  under  a  given  head,  h  (from  penstock  to  wheel-pit,  as  in  Lawrence),  is  calculated 
by  the  following  formula : 

Q  =  m A Qr  V2gh 

in  which  to  is  a  coefiBcient  known  by  experience,  g  the  acceleration  due  to  gravity  (32.2  feet  per  second),  and  Qr  the 
ratio  of  the  discharge  at  any  given  opening  of  gate  to  that  at  full  gate.  This  ratio  is  found  for  different  gate- 
openings  by  actual  test  of  the  wheel,  or  by  comparison  with  results  of  tests  on  similar  wheels.  The" table  gives, 
therefore,  the  discharge  for  different  gate-openings  under  a  given  head,  h,  from  penstock  to  wheel-pit.  Fo"r  any 
other  head  the  quantity  is  assumed  to  vary  as  the  square  root  of  that  head. 
These  tables  are  used  in  the  following  cases : 

1.  "When,  as  above  noticed,  the  regular  running  is  interrupted  for  a  short  time,  during  which  a  standard 
measurement  cannot  be  made. 

2.  Whenever  it  is  backwater,  in  which  case  the  fall  is  varying  continually,  water  is  very  cheap  (see  page  33),  and 
great  accuracy  is  not  so  essential. 

3.  In  times  of  low  water,  when  the  use  of  power  is  limited,  and  when,  in  addition  to  the  ordinary  stai>dard 
measurements,  it  is  necessary  to  calculate  the  quantity  at  fi'equent  intervals.  In  such  cases  observations  are  made 
several  times  a  day  and  the  tables  used. 

Just  as  the  diagrams  in  Lawrence  must  be  tested  at  periods  by  comparison  with  the  results  of  measurements, 
60  these  tables  must  be  checked  at  every  opportunity.  Before  explaining  how  this  is  done,  we  must  describe  the 
measurements  in  use  in  Lowell.  These  are  only  of  three  kinds — weir,  orifice,  and  flume.  One  weir  and  one  orifice 
measurement  only  is  made,  in  connection  with  the  Lawrence  Manufacturing  Company,  which  uses  the  water  from 
the  Tremont  and  Suffolk  mills,  together  with  an  additional  quantity  which  is  admitted  to  the  Lawrence  basin 


a  Since  the  above  was  written  (February,  1883)  the  extreme  drought  which  occurred  in  September  of  that  year,  and  which  has  been 
already  referred  to  in  describing  the  power  at  Lawrence,  has  rendered  it  necessary  to  modify  the  above  statements.  During  that  drought, 
for  a  period  of  about  a  month,  the  flow  of  the  river  reached  a  lower  point  than  ever  known  before,  falling  to  about  1,275  or  1,300  cubic 
feet  per  second  (during  twenty-four  hours)  on  the  worst  day,  as  has  already  been  noted  in  the  table  on  page  9.  During  this  entire  period 
no  water  was  drawn  from  lake  Winnipiseogee,  on  account  of  its  low  stage,  except  what  is  lawfully  required  to  be  allowed  to  run  and 
the  use  of  surplus  water  was  prohibited  in  Lowell  for  a  longer  period  than  at  any  previous  time  since  the  establishment  of  the  power. 
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through  gates  which  have  been  experimented  upon,  and  for  which  the  coefiicients  are  accurately  known.  The 
quantity  used  by  the  Tremont  and  Suffolk  mills  is  measured,  also  that  which  goes  through  the  gates  and  that 
which  flows  over  the  waste- weir  of  the  Lawrence  basin.  In  this  way  the  quantity  used  by  the  Lawrence  Company 
is  obtained.  All  the  other  measurements  are  flume  measurements,  made  nearly  us  in  Lawrence.  An  important 
point  of  difference,  however,  is  that  in  Lowell  there  is  no  space  behind  the  mills  allowing  the  measurements  to  be  made 
in  the  tail-races;  in  fact,  the  mills  are  built  almost  over  the  water,  so  that  the  measurements  have  to  be  made  in  the 
main  canals.  They  are  made  at  regular  times,  and  the  velocity  taken  every  foot  and  a  half  across  the  flumes. 
Simultaneously  with  these  measurements  (except  on  Monday  mornings  and  Saturday  afternoons,  when  the 
fluctuations  of  power  are  great)  the  speed-gate  gauges,  and  the  heights  of  water  in  penstock  and  pit,  and  canal  and 
river,  are  observed.  "VVe  have  seen  that  in  Lawrence  a  diagram  is  obtained  generally  for  each  wheel,  though  this 
has  sometimes  to  be  done  indirectly,  and  this  diagram  is  tested  by  the  periodic  measurements.  In  Lowell,  however, 
as  the  measurements  are  made  in  the  canals,  and  not  in  the  tail-races,  the  total  quantity  of  water  used  by  each  mill 
is  what  is  obtained.  Each  flume  measurement,  therefore,  applies  only  to  some  particular  combination  of  wheels 
which  happen  to  be  running  at  the  time  of  the  measurement.  For  every  flume  measurement,  then,  except  those  on 
Mondaj'  morning  and  Saturday  afternoon,  a  Coefficient  or  correction  is  found,  to  be  applied  to  the  wheel  tables, 
and  a  large  number  of  coefficients  has  been  thus  obtained,  applicable  to  various  combinations  of  wheels  running; 
so  that  in  any  case  when  the  wheel  tables  have  to  be  used,  the  proper  coefficient  is  sought  out  from  among  the 
most  recent  ones,  as  nearly  as  may  be. 

One  other  j^oint  remains  to  be  noticed.  Some  of  the  mills  use  wheels  which  have  been  carefully  tested  under 
various  heads,  gates,  and  speeds.  In  such  cases  the  daily  observations  of  head  and  gate  are  probably  as  accurate 
as  flume  measurements  would  be ;  and  the  quantity  of  water  passing  such  wheels  is  determined  by  observing,  as  in 
flume  measurements,  during  the  period  when  the  power  used  is  about  constant,  the  quantity  passing  some  Monday 
forenoon,  some  Saturday  afternoon,  and  on  some  ordinary  forenoon  and  afternoon. 

We  may  sum  up  briefly,  as  follows,  the  principal  differences  between  the  methods  of  measurement  in  Lowell  and 
Lawrence : 

1.  In  Lawrence,  the  measurements  are  made  in  the  tail-races  ;  in  Lowell,  generally  in  the  canals. 

2.  In  Lawrence,  reliance  is  placed  on  the  wheel  diagrams,  which  are  checked  at  intervals  by  standard 
measurements,  and  the  daily  quantity  is  calculated;  in  Lowell,  the  wheel  tables  are  only  resorted  to  in  exceptional 
•cases,  and  reliance  is  placed  on  the  mills  running  at  a  uniform  rate  during  certain  periods,  during  which  tlie 
average  quantity  is  calculated  directly  from  measurements. 

3.  In  Lawrence,  flume,  weir,  and  piezometric  measurements  are  made;  In  Lowell,  mainly  flume  and  weir 
measurements. 

The  drainage  basin  of  the  Merrimack  above  Lowell  comprises  an  area  of  about  4,085  square  miles,  according 
to  my  measurements,  the  principal  tributary  between  Lowell  and  Lawrence  being  the  Concord. 

The  Lowell  mill-pond  extends  to  the  foot  of  Cromwell's  falls,  4^  miles  above  jSTashua  and  17f  miles  above  the 
Pawtucket  dam.  From  this  point  up  to  Manchester,  New  Hampshire,  a  distance  of  about  13  miles,  the  river  rises 
about  33  feet.  In  this  distance  there  are  several  descents  honored  by  the  name  of  falls,  but  none  of  them  are  of 
much  value  for  water-power,  and  will  scarcely  be  improved.    The  following  table  gives  details  regarding  them:  (a) 


From- 


Foot  of  Cromwell's  falls  - . 

Foot  of  Moore's  falls 

Foot  of  Little  Cohass  falls 

Foot  of  Goffs  falls 

Foot  of  Short  falls 

Foot  of  GrifBn's  faUs 

Foot  of  Merrill's  falls 

Foot  of  Cromwell's  falls  . . 


To- 


Foot  of  Moore's  falls 

Foot  of  Little  Cohass  falls  . 

Foot  of  Goff's  falls 

Foot  of  Shortfalls 

Foot  of  Griffin's  falls 

Foot  of  MerriU's  falls 

Head  of  Merrill's  falls 

Head  of  Merrill's  falls 


Else. 

Distance. 

Feet. 

Feet. 

5.75 

28, 532 

8.55 

12, 500 

4.50 

5,900 

5.69 

4,400 

4.03 

5,300 

2.08 

10,  800 

2.56 

1,250 

33.16 

68,  682 

THE  WATER-POWER  AT  MANCHESTER,   NEW  HAMPSHIRE. 


We  now  come  to  the  third  of  the  great  powers  on  the  Merrimack,  and  one  which  will  hold  its  own  with  the  two 
.already  described.  A  log  dam  across  the  river  at  Amoskeag  falls  existed  prior  to  1809,  the  power  created  being 
used  for  a  grain-  or  a  saw-mill.  A  cotton-spinning  mill  was  built  on  the  west  side,  and  was  also  run  by  water  from 
this  dam.  In  1825  a  second  mill  was  added  to  this,  and  a  third  was  built  on  an  island  in  the  river.  All  these 
mills  were  run  thenceforward  in  the  manufacture  of  tickings  until  they  were  burned,  in  1840  and  1847. 

The  Amoskeag  Manufacturing  Company  was  formed  in  1831,  and  purchased  these  mills,  the  water-power,  and 
several  thousand  acres  of  land,  on  which  the  city  of  Manchester  has  since  been  built.    In  1837  this  company 


a  Senate  Ex.  Doc.  No.  45,  Forty-seventh  Congress,  first  session,  p.  12. 
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replaced  the  log  dam  with  a  stone  dam,  and  built  about  4,000  feet  of  its  upper  canal,  on  which,  in  1838,  a  cotton- 
mill  was  built.  Between  that  time  and  1845,  this  canal  was  built  as  it  now  is,  and  the  lower  canal  was  added. 
The  erection  of  mills  on  these  canals  has  continued  to  the  present  time. 

The  present  dam,  constructed  iu  1871,  a  little  ftirther  dowh  the  river  than  the  old  one,  consists  of  two  parts— 
the  wing  and  the  main  dam.  The  former  commences  at  the  gates  at  the  head  of  the  canal,  and  extends  up- 
stream nearly  parallel  to  the  east  bank,  ending  at  a  large  rock  or  ledge  a  little  tp  the  east  of  the  middle  of  the 
river.  It  is  perfectly  straight.  Its  length  Is  260  feet  and  its  average  height  10.92  feet.  It  is  founded  entirely 
OTx  ledge  of  coarse  mica-schist  and  granite.  The  main  dam  extends  from  the  upper  side  of  the  rock  at  the  end  of 
the  wing,  uj)  and  across  the  river  to  the  gates- of  the  small  canal  on  the  west  bank.  It  is  curved  up-stream  in  an 
irregular  ctirve,  its  length  being  420  feet  and  its  average  height  11,85  feet.  It  also  is  founded  entirely  on  ledge. 
The  wing-dam  was  rebuilt  in  1870  and  the  main  dam  in  1871,  and  the  cost  of  both  was  $60,000,  They  are  the  same 
in  construction,  and  are  built  of  hammered  granite  laid  in  cement.  Their  section  is  shown  in  Fig,  11,  The  cresfr 
is  perfectly  level  for  a  foot  in  width,  and  its  height  is  70  feet  on  the  Manchester  scale  (for  its  height  above  tide,  see 
page  24).  It  is  drilled  every  4  feet  8  inches  for  wroughtiron  pins  IJ  inch  in  diameter,  for  holding  on  flash-boards 
to  a  height  of  2  feet.  The  face  batters  2  inches  to  the  foot,  and  the  back  1  inch  to  the  foot.  The  ledge  on  which 
the  dam  stands  is  leveled  off  in  steps  to  receive  it. 

Canals  lead  from  the  dam  on  both  sides  of  the  river.  That  on  the  west  side  is  only  about  100  feet  long,  20  feet 
wide,  and  8  or  10  feet  deep,  supplying  only  the  paper-mills  of  the  P.  0.  Cheney  Company.  On  the  east  side  there 
are  two  levels.  The  upper  canal  is  about  a  mile  long,  rectangular  in  section,  varying  iu  width  from  50  to  70  feet, 
and  in  depth  from  10  to  12  feet.  The  lower  level  is  about  7,250  feet  long,  rectangular  in  section,  its  width  varying 
from  40  feet  at  the  head  to  60  feet  at  the  lower  end,  and  the  depth  from  8  to  10  feet.  The  map  shows  these  canals 
and  the  locks  at  the  head.  The  head-gates  are  twenty-four  in  number,  arranged,  as  in  Lawrence,  in  six  sets  of  four 
each.  The  gate  openings  are  each  10  feet  high  and  8  feet  lOJ  inches'wide,  making  the  total  area  of  gate-opening 
53 2|  square  feet.  The  gates  are  raised,  by  a  turbine  wheel,  running  a  shaft  from  which  the  gates  are  operated  by 
means  of  bevel-wheels.  The  Manchester  dam  backs  the  water  about  8  miles  up  to  Hooksett,  the  average  width  of 
the  pond  being  about  450  feet,  and  its  area  measuring  about  443  acres.  This  pond  is  sufScient  in  dry  weather  to 
allow  of  the  water  being  stored  during  the  night-time  and  the  entire  flow  utilized  during  working  hours,  so  that  in 
very  dry  weather  it  sometimes  occurs  that  no  water  flows  over  the  dam  for  days  at  a  time.  Generally,  however, 
there  is  some  waste  toward  morning,  and  sometimes  during  the  day- time,  even  during  the  summer.  The  flash- 
boards  are  kept  on  almost  all  tiie  time,  but  are  sometimes  carried  off  by  the  ice  and  high  water.  The  dam  is  built 
at  the  head  of  the  Amoskeag  falls,  and  the  principal  fall  occurs  below  it.  The  fall  from  the  upper  to  the  lower  canal 
is  about  21  feet  and  is  nearly  constant ;  that  from  the  lower  level  to  the  river  is  from  29  to  31  feet  at  low  water  near 
the  lower  end  of  the  canal,  and  about  34  feet  at  its  very  foot.  At  ordinary  high  water  this  fall  is  reduced  to  about 
25  feet.  The  power  is  controlled  by  the  Amoskeag  Manufacturing  Company,  which  has  disposed  of  a  portion  of 
the  power  in  accordance  with  proposals  from  which  the  following  extracts  are  made,  the  power  being  leased  by 
the  mill-power: 

II.  Each  mill-power  at  the  respective  falls  is  declared  to  be  the  right  to  draw  from  the  nearest  canal  or  water-course  of  the  grantors, 
*  *  *  38  cubic  feet  of  water  per  second  at  the  upper  fall,  when  the  head  and  fall  there  is  20  feet-^or  a  quantity  inversely  proportionate 
to  the  height  at  the  other  falls — and  in  order  to  prevent  disputes  as  to  the  power  of  each  mill-privilege  in  the  variations  of  the  height  of 
water  from  changes  of  the  season  or  other  causes,  it  is  understood  and  declared  that  the  quantity  of  water  shall  be  increased  in  proportion 
to  the  reduction  of  the  height,  1  foot  being  allowed  and  deducted  from  the  height  of  the  actual  head  and  fall,  and  also  from  that  with 
which  it  is  compared  before  computing  the  proportion  between  them. 

This  rule  is  the  same  as  dividing  722  by  the  fall  minus  1  foot,  in  order  to  find  the  quantity.  A  mill-power  is 
therefore  equivalent  to  86,36  gross  horse-power.  The  Amoskeag  Company  is  to  maintain  the  dam  and  main  canal, 
while  the  flumes  and  raceways  are  property  of  the  parties  leasing  power, 

V.  Every  purchaser  is  to  hold  his  purchase  subject  to  the  right  of  every  prior  grantee  in  case  of  a  deficiency  of  water,  but  the  grantors 
warrant  a  sufficient  water-power  existing  at  the  time  of  the  sale  to  each  grantee,  respectively. 

As  at  Lowell  and  Lawrence,  the  power  granted  is  held  by  perpetual  leases,  with  a  reserved  perpetual  annual 
rent  per  mill-power,  defined  in  this  case  as  at  least  sixteen  and  one-eighth  ounces  troy  weight  of  gold  of  the  present 
standard  fineness  and  weight  of  the  gold  coin  of  the  United  States,  or  an  equivalent  in  gold,  at  the  option  of  the 
grantee  at  the  time  of  payment.  This  is  equivalent  to  about  $300  per  annum.  Other  terms  of  the  proposals 
resemble  so  closely  those  which  are  in  use  in  Lawrence  and  Lowell,  and  which  have  been  quoted,  that  it  is  not 
necessary  to  repeat  them.  It  is  only  to  be  added  that,  excepting  -35  mill-powers,  granted  at  first  by  lessees,  power 
is  only  to  be  used  during  sixteen  hours  each  day,  viz,  from  4  o'clock  a,  m,  until  8  o'clock  p.  m.  It  will  be  seen  that 
the  annual  rent  is  nearly  the  same  as  in  Lowell,  and  for  the  large  mills  in  Lawrence,  being  here  $3  47  per  annum 
per  gross  horse-power. 

Under  these  proposals  the  Amoskeag  Company  has  disposed  of  its  power  as  shown  in  the  following  table^ 
similar  to  those  which  have  been  given  for  Lowell  and  Lawrence : 
81 
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Table  giving  details  regarding  the  mills  and  power  at  Manchester^  New  Hampshire. 


a 
§ 

"el 

Goods  manufac- 
tured. 

1 

Q 

■& 

(4-1 

o 

1 

a 
a 
'A 

09 

a 

O 
o 

Cm 

O 

'o 

.a 

a 

0 
|2i 

1 

a 

a 
ea 

i 

* 

Lower  canal 
do 

s 

w 

a 

rOWEH  OWXKD. 

Z  o 

Name  of  corporation  or  firm. 

|i 

15 

o 

■si 
3  ft 

John  Hoy  t  &.  Co.  (6) 

A 
B 
0 
D 
E 
F 
G 
S 

Upper  canal 
.    do 

Feet. 
21 
21 
21 
21 
21 
20 
25 
26  > 
26  S 
274 
30 
30 
33 

2 
8 
10 
20 
26 
1 
2 

6 

5 
56 
40 

2 

172.  72 

690.  88 

1,381.76 

1,  727.  20 

2,  245.  36 

86.36 
172.  72 

618. 16 

431.80 
4,  836. 10 

3,  454.  40 
172.  72 

125 

500 

1,000 

1,  2.'i0 

1,625 

62.5 

125 

375 

312.5 
3,500 
2,500 

123 



500 
800 



150 

Oti./eet. 
72.20 
288  80 

Laugdon  Manufacturing  Company 

Cotton. 

32,  256 

55,  000 

52,  ODD 

0171,  0i»6 

720 

1,420 

1,400 

e5,808 

Amory  Manufacturing  Company 

...  do  

do 

do 

577  60 
722 

Stark  Mills 

do 

...  do  

...  d» 

...  do 

do 

Amoskeag  Manufacturing  Company. .. 

...  do  

Amoakeag  Pump  House 

Lower  canal 
do 

Elver; 

do 

38 
60.16 

Mechanics'  Row 

Olzendam's  Mill 

do 

do 

Amoskeag  Electric-Light  building 

do 

do 

173.  28 

Stark  Picker  House 

K 
L 

M 
N 

..  do    

do 

136.22 
1,  393.  84 

Amoskeag  Manufacturing  Company 
Manchester  Mills  and  Print-Works 

....do    

do 

Cotton  &  woolen 

75,  600 

2,800 

...  do    

do 

Kamaske  Mill  (d) 

...do    

do 

45.13 

Total 

385,  352 

12, 148 

184 

15,  890.  24 

11,500 

1,  4.W 

« 

a  The  horae-powers  in  this  column  are  net  horse-powers,  assuming  a  mill-power  to  equal  62J  net  horse-power,  corresponding  to  an  efficienc.y  of  the  turbine  of 
about  73  per  cent. 

b  Buns  night  and  day. 

c  Total  operated  by  the  company, 

d  Owned  and  operated  by  the  Amoskeag  Manufacturing  Company. 

At  the  Amoskeag  pump-house  water  is  pumped  from  the  lower  level  to  a  reservoir  in  the  upper  part  of  the 
city,  to  supply  hydrant- water  to  the  yards.  Mechanics'  Eow  consists  of  a  number  of  small  establishments  for 
wood-working,  carpentering,  etc.,  together  with  a  grist-mill  taking  water  from  the  river  b.y  means  of  a  small  wing- 
dam,  and  using  about  30  horse-power,  with  a  fall  of  12  feet.  On  the  west  side  of  the  river  are  the  paper  mills  of 
the  P.  G.  Cheney  Company,  using  260  horse-power  on  two  wheels,  with  a  fall  of  40  feet,  and  20  horse-power  on 
another,  with  a  fall  of  15  feet,  besides  two  other  wheels  under  40  feet  head  in  the  pulp-mills,  giving  440  horse- 
power. This  mill  has  the  right  to  use  water-power  only  when  there  is  a  surplus ;  at  other  times  stearn  is  used 
entirely.  •  • 

It  appears  from  the  table  that  the  amount  of  permanent  power  held  by  the  various  establishments  at  Manchester 
is  184  mill-powers,  or  15,890  gross  horse-power,  or  about  11,500  net  horse-power,  being  thus  considerably  greater  than 
that  at  Lowell  or  at  Lawrence.  The  normal  quantity  of  water  used  from  the  upper  canal  is  2,599  cubic  feet  per  second, 
and  from  the  lower  canal  2,842  cubic  feet  per  second,  so  that  according  to  this  there  must  be  a  waste  between  the 
two  canals.  The  mills  named  in  the  table  can  obtain  full  capacity  nearly  all  the  time,  but  in  very  dry  seasons  some 
steam-power  is  used  by  the  Amoskeag  Company,  thus  allowing  the  other  mills  more  water.  The  total  amount  of 
steam-power  used,  however,  either  during  part  of  the  year  or  continuously,  is  very  small  compared  with  that 
used  at  Lowell,  or  even  at  Lawrence.  During  part  of  the  year  there  is  an  excess  of  power,  and  regulations  have 
existed  since  January  1,  1883,  similar  to  those  at  Lawrence  and  Lowell,  regarding  the  use  of  surplus  power,  which 
can  be  used  by  paying  for  it  at  the  rate  of  $5  per  mill-power  per  day.  The  mills  run  from  6.30  to  12  a.  tn.,  and 
from  1  to  6.45  p.  m.,  closing  at  4  p.  m.  on  Saturdays.  Considerable  trouble  is  experienced  with  ice  before  the  pond 
freezes  over,  and  sometimes  the  mills  are  obliged 'to  stop  on  account  of  the  filling  up  of  the  canals  with  anchor  ice. 

The  amount  of  water  used  by  the  different  mills  has  hitherto  not  been  determined,  as  at  Lowell  and  Lawrence, 
by  actual  and  periodical  gaugings.  Measurements  were  made  in  August,  1879,  by  Mr.  H.  F.  Mills,  chief  engineer 
of  the  Essex  Company,  of  Lawrence,  who,  by  means  of  flume  measurements  in  the  canals,  determined  how  much 
water  the  mills  were  using,  at  the  same  time  observing  the  fall  from  penstock  to  wheel-pit,  and  the  height  of  speed- 
gate.  At  the  time  of  my  visit  to  Manchester  it  was  stated  that  daily  observations  of  the  quantity  used,  by 
observation  of  the  height  of  speed-gate  and  of  water  in  penstock  and  pit,  and  comparison  with  Mr.  Mills' 
.  measurements,  were  made  only  in  dry  weather,  when  there  was  danger  of  failure  of  supply.  At  that  time,  too,  no 
regulations  were  in  force  regarding  surplus  water,  which  could  be  used  whenever  there  was  enough  of  it.  Since  that 
time,  however,  the  regulations  regarding  surplus  power  have  been  established,  and  it  may  be  that  systematic 
observations  are  or  will  be  enforced. 

The  drainage  area  above  Manchester  is  about  2,839  square  miles.  Systematic  and  continued  gaugings  of  the 
flow  have  not  been  made,  and  no  data  in  this  respect,  further  than  the  figures  already  adduced,  can  be  given,  (a) 

a  I  am  indebted  to  Colonel  T.  L.  Livermore,  agent,  and  to  Mr.  E.  A.  Hobbs,  engineer,  of  the  Amoskeag  Company,  for  information 

regarding  tlie  power  at  Manchester. 
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Tbe  power  at  Manchester  compares  favorably,  both  as  regards  amount  and  facilities  for  utiUzation,  with  any 
in  Xew  Ejjglaud.  Few  rivers  can  boast  three  such  powers  as  those  on  the  Merrimack  at  Lawrence,  Lowell,  and 
Manchester. 

THE   POWER  AT   HOOKSETT,   NEVF   HAMPSHIRE. 

The  next  power  above  Manchester  is  at  the  head  of  the  pond,  at  Hooksett,  about  8  miles  by  the  river  above 
the  Manchester  dam.  A  canal  was  over  fifty  years  ago  constructed  around  the  Hooksett  falls,  for  purposes  of 
navigation,  f6r,  in  Tanner's  Description  of  the  Canals  and  Railroads  of  the  United  States,  jjublished  in  1840,  we 
find  it  mentioned,  with  the  statement  that  it  was  825  feet  long,  with  three  locks,  and  a  fall  of  16  feet.  The  power  was, 
until  1865,  controlled  by  the  Amoskeag  Company,  but  is  now  owned  by  the  Hooksett  Manufacturing  Company. 
The  present  dam  is  built  of  stone,  and  extends  nearly,  but  not  entirely,  across  the  river  at  the  head  of  the  falls, 
ponding  the  water  for  a  distance  of  about  4  miles,  with  an  average  width  of  300  or  400  feet.  It  was  built  in  1841, 
and  is  several  hundred  feet  long  and  perhaps  3  or  4  feet  high.  It  is  founded  entirely  on  ledge,  and  may  be  raised 
about  a  foot  by  means  of  flash-boards,  which  aie  put  on  during  the  summer  months.  From  the  dam  a  canal, 
about  300  feet  long  and  20  or  25  feet  wide,  leads  to  the  cotton-mill  of  the  Hooksett  Compauy,  situated  on  the  east 
bank,  the  fall  used  being  about  14  feet,  and  the  power  about  350  horse-power,  which  can  of  course  be  obtained  all 
the  time,  there  being  about  the  same  quantity  of  water  here  as  at  Manchester.  ISTo  steam-power  is  used,  and  there 
is  at  all  times  a  great  Waste  of  water  over  and  around  the  dam.  It  is  said  that  there  have  been  mills  at  this  place 
for  over  fifty  years,  and  the  dam  has  been  several  times  rebuilt.  The  topography  is  very  favorable  for  the  utilization 
of  the  power,  and  a  very  large  amount  is  still  available.  The  drainage  area  above  the  place  is  about  2,791  square 
miles,  but  the  power  may  be  estimated  froip  the  figures  given  for  Manchester,  as  there  are  no  important  tiibutaries 
between  the  two  places.  It  is  probable  that  for  a  fall  of  14  feet  the  minimum  power  is  not  less  than  1,800  gross 
horse-power  continuously,  and  perhaps  more.  The  pond,  however,  is  probably  not  large  enough  to  allow  of  this  being 
concentrated  entirely  into  working  hours,  though  this  might  be  done  to  some  extent.  The  power  is  an  excellent 
one  and  worthy  of  a  place  among  the  great  powers  of  the  Merrimack.  There  is  no  reason  why  the  full  power,  of 
■which  such  a  very  small  fraction  is.  now  in  use,  could  not  profitably  be  utilized. 

THE  POWER  AT  GARTIN'S  FALLS. 

About  4  miles  above  Hooksett  and  3  miles  below  Concord  we  come  to  Garvin's  falls,  the  next  power, 
situated  j  ust  above  the  mOuth  of  the  Soucook  river.  Many  years  ago,  long  before  the  introduction  of  railroads 
into  the  st  ate,  a  canal,  known  as  the  Bow  canal,  was  built  around  these  falls  for  purposes  of  navigation,  the  remains 
of  which  still  exist ;  and  the  j^moskeag  Company,  which  owns  the  power,  has  for  some  years  maintained  a  dam  at 
the  head  of  the  falls,  as  required  by  its  charter,  though- no  power  has  been  used.  Originally  a  stone  dam  existed 
there,  but  that  was  carried  away  some  twenty  years  ago,  and  the  present  dam  is  of  wood.  It  was  built  in  1879, 
cost  $6,000,  is  about  550  feet  long,  and  averages  8  feet  in  height.  It  backs  the  water  several  miles,  with  a  width  of 
some  400  feet,  forming  a  considerable  pond.  Below  the  dam,  which  is  founded  on  ledge,  the  fall  is  rapid  for  some 
distance,  amounting,  according  to  Frank  Merrill,  civil  engineer,  of  Concord,  to  28.4  feet  in  1,200  feet.  The  bed  is 
rocky,  and  the  banks  are  very  favorable  for  the  utilization  of  the  power.  The  canal  extends  along  the  right  bank, 
and  is  about  2,000  feet  long,  with  several  locks  at  the  foot ;  and  although  no  po\^er  has  yet  been  utilized,  a  pulp-mill 
is  new  being  erected  there,  power  having  been  leased  from  the  Amoskeag  Company.  The  old  canal  is  to  be  used 
as  a  race,  and  the  mill  located  at  the  foot.  The  drainage  area  above  these  falls  measures  about  2,412  square  miles. 
The  power  available  is  very  large,  the  quantity  of  water  being  less  than  that  at  Manchester  only  by  that  contributed- 
by  the  Suncook  and  Soucook  rivers  and  a  few  brooks.  The  minimum  flow  continuously  is  probably  not  less  than 
900  cubic  feet  per  second,  which  would  correspond,  on  a  fall  of  28  /eet,  to  a  power  of  nearly  3,000  gross  horse- power. 
The  pond  would  allow  of  this  being  increased  considerably  during  working  hours,  but  to  what  extent  I  am  unable 
to  state.    The  power  is  a  most  excellent  one  in  every  respect. 

THE  POWER  AT  SEWELL'S  FALLS. 

The  next  power  above  Garvin's  falls  (except  one  little  rapid  not  worth  considering),  and  the  last  on  the 
Merrimack,  is  at  SewelPs  falls,  about  4  miles  above  Concord.  Around  these  falls,  as  around  those  at  Hooksett 
and  at  Garvin's  falls,  a  canal  was  commenced  many  years  ago  for  purposes  of  navigation.  Its  length  was  a  quarter 
of  a  mile,  and  it  was  completed  in  1837 ;  but  it  is  said  that  difficulty  was  experienced  in  the  construction  of  a  dam 
the  bed  of  the  stream  being  composed  of  sand  and  gravel,  with  no  ledge,  so  that  navigation  around  the  falls  was 
never  successfully  established.  The  total  fall,  at  lowest  water,  is  19.1  feet  in  a  distance  of  1.75  mile,  according  to 
Frank  Merrill,  civil  engineer,  of  Concord.  The  greater  part  of  this  fall,  however,  occurs  in  a  distance  of  a  mile. 
The  power  is  owned  by  the  Concord  Land  and  Water-Power  Company,  and  steps  are  being  taken  toward  its 
development.  The  fall  is  situated  below  the  mouth  of  the  Contoocook  river,  and  the  drainage  area  above  measures 
about  2,350  square  miles.    Estimates  of  the  power  available  are  omitted,  at  the  request  of  the  engineer  of  the 
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company,  ou  account  of  the  fact  that  the  conditions  which  will  be  established  regarding  flow'age,  and  the 
arrangements  which  will  be  made  with  the  LalcoConiiiany  regarding  quantity  of  water,  arc  not  yet  definitely 
decided  upon.  Of  course,  the  conditions  which  may  be  established  here  will  modify  to  some  extent  those  existing 
at  the  sites  lower  on  the  river,  so  that  the  figures  which  have  been  given  in  previous  pages  as  to  the  amount  of 
power  available  are  only  to  be  considered  as  api)roximate. 

Excellent  buildiug  materials  are  found  in  the  vicinity  of  Coucord,  the  granite  having  a  national  reputation. 
Should  this  power  be  developed,  one  more  will  be  added  to  the  great  powers  on  the  Merrimack. 

Above  SewelPs  falls  the  river  has  considerable  fall,  but  no  good  sites  for  power.  The  fall  between  the  head 
of  the  falls  and  the  junction  of  the  Winnipiseogce  aud  Pemigewasset  rivers  is,  according  to  the  table  on  page  24,  21 
feet.  Two  miles  below  Franklin,  at  Webster  I>lace,  a  fall  commences,  which  extends  for  some  distance  up  both 
rivers,  and  is  extensively  utilized  on  the  Winnipiseogce.  From  Webster  Place  up  to  the  tail-race  of  the 
Winnipiseogce  Paper  Company,  the  lowest  power  on  that  stream,  there  is  a  fall  of  14  feet,  unutilized,  but  it  is 
probably  not  of  very  much  value.  From  Webster  Place  to  the  junction  of  the  two  rivers  the  fall  is  10.84  feet  at 
low  water. 

The  following  table  gives  the  statistics  of  power  utilized  on  the  Merrimack  river.  All  the  powers  above 
Lowell  and  Lawrence  partake  equally  with  those  places  of  the  advantage  derived  from  the  storage  reservoirs  on 
the  upper  tributaries,  though  none  except  Manchester  are  suflaciently  developed  to  appreciate  the  benefit.  The 
profile  of  the  river  (Fig.  4)  shows  graphically  the  abrupt  descents  which  render  the  river  so  excellent  a  source  of 
power : 

Table  of  power  utilized  on  the  Merrimaclc  river. 
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Total  horse-power  (gross)  utilized  in  dry  seasons,  about  30  591. 
a  Besides  these,  four  machine-shops  rent  power. 
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THE  TEIBUTAEIES  OF  THE  MERRIMACK. 
•  In  their  order,  as  the  Merrimack  is  ascended,  the  principal  tributaries  are  the  following : 

THE  p6W0W  river. 

This  stream  empties  from  the  north,  taking  its  rise  in  Rockingham  county,  New  Hampshire,  in  the  town  of 
Kingston,  and  ilowiug  in  a  southeasterly  direction,  joining  the  Merrimack  just  above  Fewburyport.  Its  length  is 
about  10  miles  iu  a  straight  line,  and  it  drains  an  area  of  about  50  square  miles.  At  the  head  of  tide-wat<er  iare  the 
towns  of  Amesbury  and  Saulsbury,  where  are  located  the  principal  j)owers  on  the  stream.  Its  drainage  basin  is 
low  and  rather  sandy,  and  the  flow  of  the  stream  would  be  exceedingly  variable  if  it  were  not  for  the  reservoirs,  of 
which  there  are  several,  controlled  by  the  Hamilton  Woolen  Company.  The  only  powers  on  the  stream  worth 
mentioning  are  those  of  the  above  named  company,  at  Amesbury,  which  has  live  different  dams  within  a  distance 
of  from  an  eighth  to  a  quarter  of  a  mile,  the  total  fall  being  nearly  70  feet.  The  first  or  upper  one  is  of  wood, 
26  feet  high,  the  fall  utilized  being  26  feet,  and  the  power  1,300  horse-power  during  from  three  to  five  months  of 
the  year,  and  sometimes  almost  nothing.  The  second  dam  is  18  feet  high,  of  wood,  and  Only  receives  what  water 
runs  over  the  one  above.  It  supplies  about  25  horse-power  when  there  is  a  waste  over  the  dam  above.  The  third 
is  iOJ  feet  high,  the  fall  the  same,  and  the  power  75  horse-i)Ower  during  seven  or  eight  months.  The  fourth  is  16  feet 
high,  and  the  power  150  horse-power,  with  the  same  fall.  The  fifth  is  14  feet  high,  and  the  fall  14  feet  at  low  water, 
"affording  215  horse-power.  All  the  mills  have  steam-power,  generally  enough  to  run  them  at  full  capacity,  and 
some  steam  is  used  all  the  time.  About  three-eighths  of  a  mile  above  the  upper  dam  is  lake  Gardner,  with  a  dam 
18  feet  high,  used  only  as  a  storage  reservoir  and  not  for  power.  The  gates  are  shut  every  night,  and  the  flow  of 
the  river  thus  concentrated,  almost  at  all  seasons,  into  the  ten  working  hours.  Only  during  freshets  is  there  great 
waste  of  water. 

Several  small  streams  join  the^ Merrimack  between  iSTewburj-port  and  Lawrence,  but  scarcely  any  are  worthy 
of  special  mention.  One  which  comes  in  at  Groveland  is  fed  by  two  ponds,  covering,  it  is  said,  several  hundred 
acres,  so  that  the  stream  is  excellent  for  its  size,  being  veiy  constant  in  flow.  Another  of  the  same  class  enters 
from  the  sOuth  just  below  Lawrence,  rising  in  "  Great  pond '"  in  North  Andover,  which  covers  650  acres  at  high  water, 
and  lies  at  an  elevation  of  about  75  or  SO  feet  above  the  mouth  of  the  stream,  which  is  only  2  miles  distant. 
Almost  every  foot  of  this  fall  is  utilized,  there  being  five  mills  on  the  stream,  with  a  total  fall  of  80  feet  at  low  water 
in  tbe  Merrimack,  and  using  together  between  150  and  200  horse-power.  No  water  is  wasted,  and  the  power  of  the 
stream  is  literally  exhausted.  Great  pond  is  dammed,  and  its  level  can  be  varied  by  11  feet  or  thereabout,  so  that  it 
offers  considerable  storage.  Few  streams  of  such  small  size  are  better  utilized  or  are  more  favorable  for  power  than 
this  one. 

THE  SHAWSHEBN  RIVER. 

This  stream  enters  the  Merrimack  from  the  south,  just  opposite  the  city  of  Lawrence,  and  drains  an  area  of 
about  72  square  miles.  Taking  its  rise  near  the  town  of  Lexington,  in  Middlesex  county,  it  flows  in  a  general 
northeasterly  direction,  its  length  in  a  straight  line  being  some  18  miles.  The  principal  town  on  its  course  is 
Andover.  Its  drainage  basin  comprises  principally  a  hilly  and  rolling  country,  like  all  of  eastern  Massachusetts, 
but  along  the  middle  part  of  the  course  of  the  stream  there  are  considerable  areas  of  swami)-land,  and  the  stream 
is  very  sluggish.  In  .the  upper  and  lower  parts  its  fall  is  considerable,  and  its  bed  and  banks  are  favorable 
for  power,  but  in  the  upper  part  it  is  too  small  to  be  valuable,  so  that  the  principal  power  used  js  below  the 
town  of  Ballardvale,  or  within  5  miles  of  its  mouth.  Below  this  point  the  fall  is  rapid,  and  is  all  utilized:  The 
flow  of  the  stream  is  very  varia.ble,  but  no  continued  gaugings  are  on  record.  There  is  only  one  artificial  reservoir, 
known  as  Foster's  pond,  which  is  dammed,  and  the  expense  of  maintaining  which  is  borne  by  the  mills  bek)w 
Ballardvale  in  proportion  to  their  fall.  The  exact  storage  capacity  of  this  pond  could  not  be  ascertained,  but  is 
very  small.  Jts  area  is  about  40  acres,  (a)  The  river  has  been  sometimes  proposed  as  a  source  of  water-supply  for 
the  cities  of  Boston  and  Cambridge,  but  has  not  yet  been  so  used.  The  following  are  the  principal  powers  on  the 
stream :  -» 

1.  Woolen-mill  at  Ballardvale,  fall  11  feet. 

2.  Twine-mill  of  Smith  &  Dove  (upper  mill)  at  Andover,  fall  13  feet ;  150  horse-power  used,  but  during  less 
than  two  months  of  the  year ;  steam  sufficient  to  run  all  the  machinery. 

3.  Marlaud  woolen-mill,  at  Andover,  fall  12  feet;  150  horse-power  during  a  few  months;  90  horse-power  steam. 

4.  Twine-mill  of  Smith  &  Dove  (lower  mill),  fall  6  feet. 

The  stream  is  sometimes  so  low  that  the  mills  are  obliged  either  to  sto^)  or  to  run  entirely  by  steam. 

a  Ecjporl  of  Massacltusetts  State  Board,  of  Health,  1873,  p.  126. 
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THE  SPICKET  EIVBR. 

This  stream  empties  into  the  Merrimack  at  Lawrence,  rising  in  Rockiugbam  county,  New  Hampshire,  and 
flowing  south  and  southeast  into  Massachusetts,  its  length  in  a  straight  line  being  about  15  miles  and  its  drainage 
area  79  square  miles,  of  which  1()  are  in  Massachusetts.  It  is  not  a  very  good  stream  for  power,  its  flow  being  very 
variable.  Several  small  ponds  near  the  headwaters  are  dammed  and  used  to  regulate  the  flow,  viz  :  Policy  pond, 
in  New  Hampshire,  covering  about  450  acres,  and  with  a  range  of  8 feet;  Island  pond,  covering  about  480  acres, 
and  other  smaller  ones.  In  Lawrence  there  are  three  mills  on  the  stream,  the  lowest  with  a  fall  of  15  feet,  the 
next  with  12  feet^and  the  third,  the  Arlington  worsted-mill,  with  12  feet.  The  power  at  the  last  is  stated  at  140' 
horse-power  during  part  of  the  year.  A  short  distance  above,  a  fall  of  39  feet  is  used,  at  the  Methuen  Company's 
cotton-mill,  with  300  horse-power  during  eight  months.  In  very  dry  seasons  the  flow  of  the  stream  is  very  small, 
and  the  mills  depend  upon  steam. 

BEAVEE  BROOK. 

This  stream,  which  is  in  all  respects  similar  to  the  Spicket,  rises  in  Rockingham  county,  New  Hampshire,  and 
flows  south,  entering  the  Merrimack  opposite  Lowell,  after  draining  about  92  square  miles.  The  mill  nearest  the 
mouth,  that  of  the  Merrimack  Manufacturing  Company  (woolen),  uses  ]75  horsepower  during  about  eight  months, 
with  a  fall  of  18  feet.  At  times,  however,  the  power  is  almost  nothing,  and  steam  has  to  be  used.  There  are  a 
few  ponds  connected  with  the  stream,  and  used  as  reservoirs,  but  their  capacity  is  small.  A  short  distance  above 
the  woolen-mill  referred  to  there  is  a  fall,  not  utilized,  said  to  amount  to  12  feet.  Above  this  there  are  several 
small  mills,  as  shown  by  the  table  on  a  subsequent  page. 

THE  CONCORD  RIVER. 

•  The  Concord  river  is  formed  in  the  town  of  the  same  name,  in  Middlesex  county,  Massachusetts,  by  the  union 
of  its  two  headwaters,  the  Sudbury  and  the  Assabet,  whence  it  flows  in  a  nearly  northerly  direction  for  a  distance 
of  about  12  miles  in  a  straight  line,  emptying  into  the  Merrimack  at  Lowell,  draining  a  total  area  of  about  380 
square  miles,  according  to  my  measurements.  Its  drainage  basin  is  hilly  and  rolling  near  the  mouth  of  the  stream, 
and  its  fall  is  large,  the  bed  being  rocky  and  the  banks  high  ;  but  from  North  Billerica  to  the  junction  of  the  two 
headwaters  the  stream  flows  mostly  through  swamp-  and  meadow-land,  and  is  exceedingly  sluggish,  its  fall  being 
not  over  2  inches  per  mile,  its  course  very  circuitous,  and  the  bed  sand  and  mud.  The  Assabet,  however,  drains  a 
mo-re  hilly  and  broken  country,  and  has  a  rapid  fall  and  high  banks,  while  the  Sudbury  is  for  some  distance  flat,  like 
the  Concord.  The  drainage  basin  is  not  well  wooded,  and  the  reservoirs  used  for  regulating  the  flow  are  not  of 
large  capacity,  so  that  the  flow  of  the  stream  is  quite  variable,  notwithstanding  the  large  areas  of  meadow-land 
subject  to  inundation,  and  in  some  cases  permanently  wet. 

The  most  important  power  on  the  Concord  is  within  2  miles  of  its  mouth,  in  which  distance  the  fall  is  not  less 
than  40  feet,  over  a  rocky  bed,  the  fall  corresponding  to  that  in  the  Merrimack,  just  opposite.  The  lowest  dam  is 
7  or  8  feet  high,  and  affords  a  fall  of  11  or  12  feet,  used  on  both  sides  of  the  river.  On  the  north,  the  Middlesex 
woolen-mills  use  a  power  of  nearly  200  horse-power,  taking  1C7  or  168  cubic  feet  per  second  from  the  river.  Full 
capacity  cannot  be  secured  all  the  year,  and  steam  is  in  reserve.  No  water  is  wasted  during  uearlj-  ten  months  of 
the  year,  it  is  said.  The  mills  on  the  oj^posite  side  of  the  river  can  only  use  water  when  it  would  otherwise  run 
over  the  dam.  They  include  the  Belvidere  Woolen  Manufacturing  Comijany's  mill,  with  75  horse-power  during 
seven  mouths,  together  with  several  smaller  mills.  The  power  used  on  this  side  amounts  to  about  175  horse  power, 
and  can  be  obtained  during  six  or  seven  months. 

The  second  dam  is  a  quarter  of  a  mile  above,  at  Massic  falls ;  the  fall  is  7  or  8  feet,  and  the  power  is  used  by  a 
paper-mill  and  a  woolen- mill. 

The  third  darri  is  that  of  the  Wamesit  Power  Company,  and  is  a  primitive  wooden  dam,  turning  the  water  into 

a  canal  about  2,300  feet  long,  near  the  lower  end  of  which  are  the  mills,  some  discharging  the  water  into  Meadow 

brook,  and  others  into  the  Concord  directly,  the  fail  being  23  or  24  feet.    The  power  is  owned  by  a  number  of 

parties,  and  the  estimated  flow  when  the  water  stands  at  the  top  of  the  dam  is  288  cubic  feet  per  second,  which  is 

.  owned  as  follows : 

Cubic  feet  per  second. 

1.  L.  W.  Faulkner  &  Son  (woolon-mill) -, 25 

2.  Chase  -woolen-mill  (burned) 48 

3.  Stirling  woolen-mill '■ 36 

4.  American  Bolt  Company 36 

5.  Belvidere  Woolen  Company .- 27 

6.  Wamesit  Power  Company °° 

7.  Wood's  grist-mill ^^ 

8.  Bleachery , ^^ 

Total ,..* , 288 
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When  the  flow  is  less  than  288  cubic  feet  per  second,  each  owner  is  entitled  to  a  quantity  proportional  to  the- 
amounts  given  above;  thus,  the  Wamesit  Power  Company  owns  a-s-s  oi  the  water  flowing  at  all  times.  There  is  no 
way,  however,  of  dividing  the  water  in  these  proportions.  Full  capacity  can  only  be  obtained  during  about  eight 
months,  there  being  sometimes  "but  little  more  than  enough  water  for  the  boilers",  all  the  mills  having  steam- 
power  in  reserve.  The  Wamesit  Power  Company  has  its  own  wheels  and  engines,  and  leases  power  to  a  number  of 
small  establishments. 

The  next  power  on  the  stream  is  at  North  Billerica,  where  a  stone  dam  9  feet  high  affords  a  fall  of  11  feet. 
Power  is  used  on  the  west  bank  by  C.  P.  Talbot  &  Oo.'s  mills,  the  woolen -mill  using  400  horse-power  during  about 
eight  months,  and  the  dye-wood  mills  200  horse-power  almost  all  the  time.  The  woolen-mill  is  run  partly  by  steam 
(200  horse-power)  during  about  four  months.  On  the  east  bank,  J.  E.  Faulkner  &  Co.'s  woolen-mill  uses  75  horse- 
power during  about  six  months,  using  only  the  surplus  water,  and  running  entirely  by  steam  about  half  the  time. 
On  account  of  the  swamps  and  meadows  above  here,  the  freshets  are  not  at  all  severe,  the  water  seldom  rising 
over  4  feet  on  the  dam,  which  is  150  feet  long. 

Above  this  point  the  Concord  is  very  circuitous,  and. is  one  of  the  most  sluggish  of  rivers.  Between  North 
Billerica  and  Saxonville,  on  the  Sudbury,  a  distance  along  the  stream  of  29^  miles,  there  is  no  power  utilized ;  the 
course  of  the  stream  lies  through  a  very  level  country,  and  is  bordered  by  meadow-lands  varying  in  width  from  a 
few  rods  to  a  mile,  covering  some  4,000  acres  in  all,  large  areas  of  which  are  permanently  wet.  At  Saxonville,^ 
there  are  large  mills,  but  they  are  run  mostly  by  steam  since  the  water  of  the  upper  Sudbury  has  been  taken  for 
the  supply  of  Boston.  There  is  no  power  on  the  stream  between  Saxonville  and  the  Boston  dam,  although  a  small 
amount  of  water  is  allowed  to  pass  continually.  Above  the  Boston  dam  the  drainage  area  is  about  72  square 
miles,  and  there  are  a  few  small  mills.  At  the  head  of  one  of  the  branches,  in  Hopkinton,  is  a  reservoir  covering 
about  576  acres,  originally  built  by  the  city  of  Boston  as  a  compensating  reservoir,  but  now  owned  by  private 
parties  and  used  for  power. 

The  Assabet  is  essentially  different  from  the  Concord  and  the  Sudbury.  With  higher  banks  and  greater  fall,  and 
with  no  meadows  along  its  course,  it  is  more  affected  by  sudden  rains,  and  rises  and  falls  more  quickly.  On  account 
of  its  greater  fall  it  is  much  more  extensively  used  for  jjower,  and  a  few  artificial  reservoirs  have  been  built  to  regulate 
the  flow.  The  table  beyond  shows  the  total  fall  and  power  used,  and  little  is  to  be  added.  The  drainage  area 
is  about  175  square  miles,  and  at  the  American  powder- works,  not  far  from  the  mouth,  a  power  of  200  horse-power 
is  used,  with  a  fall  of  11  feet,  during  about  six  months,  while  during  the  rest  of  the  time  the  power  is  small.  Most 
of  the  mills  have  steam-power  in  reserve.  Of  the  reservoirs  on  the  stream  we  may  mention  the  following :  Boon 
pond,  cohering  100  acres ;  Fort  Meadow  reservoir,  built  originally  by  the  city  of  Boston  as  a  compensating  reservoir, 
covering  250  acres,  and  capable  of  being  drawn  down  24  or  25  feet ;  Gates'  pond ;  Magog  pond,  on  the  Nashoba 
brook,  covering  220  acres  or  more ;  and  other  smaller  ponds.  The  privileges  are  nearly  all  occupied,  no  large  ones 
being  still  unutilized.  Both  the  Sudbury  and  the  Assabet  have  their  sources  in  Worcester  county,  whence  they 
flow  into  Middlesex. 

STONY  BEOOK. 

This  stream  takes  its  rise  in  Worcester  county,  Massachusetts,  in  Harvard  township,  and  flows  northeast 
into  the  Merrimack  at  North  Chelmsford,  its  length  in  a  straight  line  being  about  12  miles,  and  its  drainage  area 
about  35  square  miles.  It  has  considerable  fall,  and  is  not  bordered  by  meadow-lands,  like  the  Concord,  and, 
considering  its  size,  is  quite  a  good  stream  for  power.  It  is  reservoired  to  some  extent,  and  regarding  the  ponds 
the  following  approximate  data  are  given  :  {a)  Millfield  pond,  near  the  mouth,  covers  about  80  acres ;  Nabnasset 
pond  covers  98  acres,  and  can  be  drawn  down  8  feet ;  Forge  pond  covers  143  acres,  and  can  also  be  drawn  down  8 
feet ;  Spectacle  pond,  running  into  Forge  pond,  covers  71  acres,  with  a  range  of  4  feet.  These  ponds  are  controlled 
by  a  company  representing  the  mill-owners  below.  Other  ponds  covering,  in  all,  several  hundred  acres,  are  connected 
with  tbe  stream,  but  are  not  dammed.  The  stream  is  utilized  to  a  considerable  extent,  as  the  table  shows.  At  its 
mouth  is  an  unutilized  privilege  with  a  fall  of  6  or  8  feet,  subject,  however,  to  backwater.  Just  above  are  the  mills 
at  North  Chelmsford,  using  a  fall  of  24  feet,  and  comprising  the  Chelmsford  foundery,  Silver  &  Gay's  machine-shop, 
and  a  worsted-mill,  the  total  power  used  being  about  175  horse-power,  though  at  times  no  power  at  all  is  to  be  had. 
The  mills,  as  Well  as  those  on  the  upper  part  of  the  stream,  are  generally  provided  with  steam-power. 

THE  NASHUA  EIVEE. 

The  Nashua  river  is  formed  by  the  union  of  its  two  branches,  the  North  and  the  South,  the  former  of  which 
has  its  sources  in  the  northern  part  of  Worcester  county,  and  flows  southeast  for '  a  distance  of  about  18  miles 
in  a  straight  line,  while  the  latter  rises  in  the  central  part  of  the  same  county  and  pursues  a  circuitous  course 
toward  the  south,  east,  and  north.  The  former  branch  drains  about  127,  the  latter  about  129,  square  miles,  aU 
comprising  a  country  quite  hilly  and  steep  about  the  upper  parts  of  the  streams,  while  lower  down  there  are 
considerable  areas  of  low-lying  land,  and  the  slopes  are  very  gradual.   The  topography  is  favorable  to  storage,  but  no 
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large  reservoirs  are  in  use,  the  only  ones  being  a  few  small  lakes  and  ponds  near  the  headwaters  of  the  streams, 
which,  while  sufficient  to  regulate,  to  a  large  extent,  the  flow  of  the  small  streams  forming  their  outlets,  exercise 
scarcely  any  appreciable  influence  on  the  main  stream.  From  the  junction  of  the  two  branches  the  Nashua  pursues 
a  uortLorly  and  easterly  course,  passing  into  Middlesex  county,  and  then  into  New  Hampshire,  joining  the 
Merrimack  at  Nashua.  The  length  of  its  course,  from  the  junction  to  the  mouth,  is  about  '24:  miles  in  a  straight 
line,  and  the  total  area  drained  by  the  stream  is  about  510  square  miles.  No  important  town  lies  on  its  course, 
except  Nashua.  The  drainage  basin,  below  the  junction  of  the  two  branches,  is  largely  low  and  level  in  character, 
especially  that  lying  along  the  main  stream.  The  areas  drained  by  the  branches  which  empty  from  the  wes't  are  hilly 
and  rolling,  resembling  the  basins  of  the  two  headwaters.  For  a  distance  of  3  or  4  miles  from  its  mouth  the 
fall  of  the  stream  is  rapid,  the  bed  rocky,  and  the  banks  are  high ;  above  that  point  its  fall  is  less  for  a  distance  of 
from  8  to  10  miles,  but  the  banks  are  still  high  enough  to  confine  the  river,  except  in  high  freshets ;  but  for  the 
remainder  of  its  length,  from  Groton  to  the  junction  of  the  branches,  the  stream  is  very  sluggish,  its  bed  and  banks 
are  sandy  and  gravelly,  and  the  latter  often  subject  to  overflow,  considerable  areas  of  meadow-land  which  border 
the  stream  being  inundated  at  times.  The  flow  is  naturally  very  variable,  but  is  regulated  somewhat,  though  only 
to  a  small  extent,  by  the  large  number  of  mills  on  the  tributaries  of  the  stream.  The  rainfall  over  the  basin  is 
about  45  inches,  of  which  12  fall  in  spring,  11  in  summer,  12  in  autumn,  and  10  in  winter.  The  stream  and  its 
principal  branches  are  easily  accessible  by  rail  at  all  points. 

Commencing  at  the  mouth,  the  first  power  is  at  Nashua,  close  to  the  Merrimack.  A  dam  about  16  feet  high  and 
134  feet  long,  with  a  canal  of  1,000  feet,  afibrds  a  fall  of  20  feet  at  the  cotton-mill  of  the  Jackson  Company  (Indian 
Head  mills).  The  power  used  is  1,100  horse-power,  which  can  be  obtained  during  about  ten  months,  steam  to  the 
extent  of  300  horsepower  being  in  reserve. 

About  a  mile  above  is  the  cotton-mill  of  the  Nashua  Manufacturing  Company,  where,  with  a  dam  16  feet  high 
and  a  canal  3  miles  long,  a  fall  of  36  feet  is  obtained,  with  1,200  horse-power  in  use.  Full  capacity  can  generally 
be  obtained  for  ten  or  eleven  months,  but  a  large  amount  of  steam-power  is  in  use. 

The  drainage  area  being  516  square  miles,  I  should  estimate  the  flow  of  the  stream  at  this  point  about  as 
follows:  ^ 

Estimate  of  flow  of  Nashua  river  at  Nashua. 


[         state  of  flow  (seepages  8-10). 

Flow  per 
second. 

Horse-power  available  (gross)  con- 
tinuously. 

Cubicfeet. 
85 

115 

400 

135 

IfootfaU. 
9.6 

13.1 

45.4 

15.3 

20feetfall. 
192 

262 

908 

306 

3BfeetfaU. 
346 

472 

1,634 

551 

Minimam  low  season  , . 

"Ma.TimTim,  with  stnragft 

Low  season,  dry  years             

Five  miles  above  Nashua,  at  Runnell's  bridge,  is  an  unimproved  privilege,  said  to  have  a  fall  of  8  feet.  Four 
miles  above,  at  Pepperell,  are  the  mills  of  the  Fairchild  Paper  Company.  A  fall  of  13  feet  is  used  and  500 
horsepower  obtained  during  nine  months  at  the  upper  mill,  and  6J  feet  with  about.300  horse-power  at  thejlower 
mill.  A  paper-mill  at  Groton  completes  the  list  of  mills  on  the  Nashua.  Above  this  point  the  stream  is  sluggish,^ 
and  flows  through  meadow-lands,  up  to  the  junction  of  the  two  branches. 

Of  the  tributaries  of  the  Nashua,  the  only  ones  worth  mentioning  below  the  junction  of  the  branches  are 
Nissittissit  and  Squannacook  rivers,  both  of  which  enter  from  the  west  and  are  similar  in  character,  rising  in 
New  Hampshire,  at  a  considerable  elevation,  and  draining  a  hilly  country,  with  considerable  fall.  They  seem  to  be 
very  good  streams  for  power,  except  that  their  flow  is  quite  variable ;  and  they  are  utilized  bj'^  a  number  of  mills 
of  various  kinds.  At  Shirley  a  small  stream  enters,  which  is  the  outlet  of  several  ponds,  covering,  in  all,  several 
hundred  acres,  and  running  several  cotton-mills,  as  well  as  mills  of  other  kinds,  but  steam  is  used  during  part  of 
the  year. 

The  North  branch  of  the  Nashua  has  a  rapid  fall,  is  an  excellent  stream  for  power,  and  is  well  utilized. 
Several  reservoirs  on  the  headwaters  serve  to  regulate  the  flow  to  some  extent,  and  the  large  number  of  mill-ponds 
have  a  similar  effect;  but  as  no  large  reservoirs  exist,  the  flow  is  still  quite  variable.  Wachusett  pond,  on  one  of 
the  branches,  covers  several  hundred  acres,  and  may  be  drawn  down  16  feet ;  Meeting-house  pond,  tributary  to  it, 
covers  about  172  acres,  with  a  range  of  10  feet ;  a  third  reservoir,  in  Gardner,  can  be  drawn  down  13  feet,  but  its 
area  could  not  be  ascertained ;  a  fourth,  in  Ashburnham,  covers  several  hundred  acres,  and  can  be  drawn  down 
about  17  feet.  There  are  a  large  number  of  mills  on  the  stream,  as  the  table  of  utilized  power  shows,  but  steam- 
power  is  generally  in  reserve.  Four  unutilized  privileges  are  ^aid  to  exist  on  the  stream.  The  first  is  near  the 
month  and  is  improved,  the  mill  being  formerly  occupied  for  the  manufacture  of  shoe-shanks;  the  second  is  a  little 
above,' and  the  fall  is  said  to  be  about  9  feet;  the  third  is  a  short  distance  below  Fitchburg,  and  the  fall  is  said  to 
be  22  feet;  immediately  above  is  a  scythe-shop,  not  now  running,  with  a  fall  of  14  feet.  Above  this  point  the  fall 
of  the  stream  and  of  its  tributaries  is  very  rapid,  and  is  utilized  by  many  mills.  The  tributaries,  too,  are  rapid 
streams,  generally  almost  completely  utilized,  though  there  are  some  unutilized  sites.  One  little  stream  running 
through  Leominster  runs  no  fewer  than  ten  mills,  with  over  130  feet  fall. 
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The  South  brauch  of  the  Nashua  resembles  the  north,  and,  like  it,  is  well  utilized.  At  Clinton  the.  Lancaster 
gingham-mills  use  a  fall  of  27  feet  and  700  horse-power,  but  only  during  two  or  three  months.  Sufiftcient  steam- 
power  is  at  hand  to  run  the  entire  machinery.  The  Stillwater  and  Quinepoxet  rivers,  which  form  the  stream,  are 
very  rapid,  and  in  all  respects  favorable  for  power,  except  that  their  flow  is  very  variable.  Some  small  reservoirs 
serve,  however,  to  regulate  their  flow  to  some  extent,  two  which  empty  near  the  mouth  of  the  Stillwater  covering 
about  370  acres.  Near  Clinton  several  ponds,  covering  235  acres  and  capable  of  being  drawn  down  some  17  feet, 
serve  to,  run  several  large  mills. 

PENNICHDCK  BEOOK. 

This  small  stream  empties  into  the  Merrimack  about  2  miles  above  the  Nashua.  It  has  considerable  fall, 
and  is  utilized  by  a  few  saw-mills  and  by  the  water-works  supplying  Nashua.  The  water-works  have  two  dams, 
■with  falls  of  17  and  15  feet,  respectivelj'^,  and  water-power  is  used  to  pump  the  water  from  the  brook  to  a  height  of 
132  feet,  the  average  quantity  pumped  per  day  being  1,000^000  gallons. 

THE  SOUHECAN  EIVEE. 

The  Souhegan  has  its  sources  in  Worcester  county,  Massachu^tts,  and  flows  first  in  a  northeasterly  direction 
for  J  2  or  15  miles  into  Hillsborough  county.  New  Hampshire,  then  turning  and  flowing  east  for  about  an  equal 
distance,  emptying  into  the  Merrimack  at  Merrimack  station,  about  8  miles  above  Nashua.  The  principal  towns 
on  the  course  of  the  stream  are  Greenville,  Wilton,  and  Milford. ,  The  area  drained  is  about  224  square  miles, 
comprising  a  very  hilly  countrj-.  The  fall  of  the  stream  is  very  large,  though  no  data  regarding  it  are  at  hand, 
but  its  total  descent  from  the  Massachusetts  line  is  not  less  than  700  feet.  The  bed  and  banks  are  rocky,  with  few 
low  grounds  subject  to  overflow,  and  the  stream  is  quick  to  rise  and  fall.  Its  flow  is  said,  in  fact,  to  be  extremely 
variable,  and,  as  there  are  no  lakes  and  no  artificial  reservoirs  to  regulate  it,  the  statement  is  probably  correct. 
The  mills  on  the  stream  are  quite  numerous,  but  a  large  amount  of  fall  is  still  unutilized,  some  sites  being  not  very 
accessible,  though  a  railroad  touches  the  river  at  the  mouth  and  at  Greenville,  and  follows  it  from  Miiford  to 
Wilton.    The  following  data  are  very  incomplete,  but  are  all  that  could  be  obtained  with  the  time  at  disposal: 

At  the  mouth  of  the  stream  there  is  a  fall  of  25  or  30  feet  over  a  ledge  of  rock,  with  a  wooden  dam  about  10 
feet  high.  The  power  is  used  by  three  woolen-mills  and  a  cabinet-shop,  with  perhap>s  100  or  125  horse-i)ower  in 
all;  but,  although  the  power  is  an  excellent  one,  it  is  very  badly  utilized,  and  coukl  be  made  much  more  valuable 
than  it  is  at  present.  Probably  the  minimum  power  would  not  be  less  than  about  3^  horse-power  per  foot  during 
twenty-four  hours,  while,  during  the  low  season  of  dry  years  there  would  perhaps  be  4J  or  5  horse-power  continuously. 
The  ])ond  is  said  to  be  large  enough  to  store  the  low-water  flow  during  the  night.  The  local  conditions  are  favorable 
for  the,  utilization  of  the  power,  and,  properly  developed,  this  would  be  one  of  the  best  of  the  small  powers  in  the 
vicinity.    It  is  within  a  quarter  of  a  mile  of  the  Concord  railroad. 

A  short  distance  above  is  a  fall  known  as  Parker's,  not  improved,  though  said  to  be  a  fine  site.  The  fall  is 
said  to  be  23  feet.  Then  comes  Atherton's  falls,  not  improved,  the  fall  being  stated  at  28  feet;  then  Nichol's  falls, 
10  feet;  Wilkin's  falls,  8  feet;  Fuller's  falls,  12  feet;  and  Field's  falls,  all  in  the  town  of  Merrimack,  {a) 

About  3  miles  above  this  is  a  small  mill,  beyond  which  there  is  nothing  below  Milford,  8  or  10  miles  from  the 
mouth.  This  town  is  quite  a  manufacturing  center,  and  a  number  of  dams  cross  the  stream;  but  no  details  regarding 
the  power  are  at  hand,  except  the  statistics  given  beyond.  Above  Milford  there  are  several  mills,  and  a  number 
of  sites  that  might  be  utilized.  Several  mills,  however,  have  recently  been  built,  and  all  the  good  sites  will  probably 
be  soon  occupied. 

The  Souhegan  may  probably  be  said  to  possess  a  greater  proportion  of  unutilized  water-jjower  than  any  stream 
in  the  vicinity,  and  its  resources  deserve  Mtention.  Its  fall  is  very  large,  and,  although  its  flow  is  very  variable, 
3,  systematic  utilization  of  the  power  would  do  much  to  remedy  this  objection." 

COHASS   BEOOK. 

This  is  a  small  stream,  entering  the  Merrimack  from  the  east  just  below  Manchester.  It  lakes  its  lise  in 
Massabesic  lake,  which  lies  about  4  miles  east  of  the  city,  and  covers  about  2,400  acres,  its  drainage  area  being 
about  44  square  miles.  From  this  lake,  which  is  situated  at  an  elevation  above  tide  of  about  25C  feet,  Cohass  brook 
pursues  a  course  measuring  about  5  miles  in  a  straight  line,' in  which  distance  it  descends  not  less  than  140  feet, 
draining  a  total  area  of  about  CS  square  miles.  Its  basin  is  hilly,  comprising  little  flat  or  meadow  land,  except  in 
a  few  cases,  below  the  lake,  where  the  stream  is  bordered  by  such  lauds.  Lake  Massabesic  is  used  as  a  source  of 
water-supply  for  the  city  of  Manchester,  the  stream  being  dammed  a  short  distance  below  its  outlet,  and  the  water 
being  pumped  up  by  water-power.  The  dam  is  of  stone,  100  feet  long  and  24  feet  high,  and  was  built  in  1873.  A 
canal  and  penstock  2,070  feet  long  afibrd  a  fall  of  43  feet,  and  a  power  of  120  horse-power  is  used  during  twelve 
hours  every  day,  there  being  seldom  a  lack  of  water.  Twelve  hundred  thousand  gallons  per  day  are  pjmped  to  a 
Jieight  of  113  feet.  On  account  of  the  large  size  of  the  pond  no  water  is  wasted  in  dry  seasons,  and  the  range  of 
water  in  the  pond  is  but  5  feet. 
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Below  tbis  dam  a  meadow  borders  tbe  stream  for  some  distance,  below  whicb  is  an  unutilized  fall  of  perhaps 
5  or  C  ieet,  ouce  used.  Tben  comes  a  sawniill,  which  is  at  present  not  in  operation,  with  a  fall  of  12  feet  or  so, 
and  tben  a  second  fall  of  8  or  10  feet,  not  used.  At  tbe  mouth  of  the  stream  are  the  Derry  woolen-mills,  there 
being  three  dams,  with  falls  of  14,  12,  and  12  feet,  respectively.  About  90  horse-power  are  used  on  each  fall,  and 
full  capacity  is  secured  nearly  all  the  time,  no  steam  being  iu  use.  The  flow  of  the  stream  is  quite  regular,  even 
more  so  than  before  the  water-works  were  built,  and  freshets  are  unknown. 

Although  the  above  are  all  the  falls  that  could  be  learned  of,  there  must  be  more  fall  on  the  stream  still 
unutilized,  in  order  to  make  up  the  total  fall  of  about  140  feet,  above  mentioned. 

THE  PISCATAQDOG  EIVEE. 

This  stream  has  two  branches,  which  unite  in  the  town  of  Goffstown,  near  Parker's  station,  whence  fhe  stream 
flows  in  an  easterly  and  southerly  direction  for  a  distance  of  about  8  miles,  emptying  into  the  Merrimack  just 
opposite  Manchester,  and  draining  a  total  area  of  about  214  square  miles.  The  ]S"orth  branch  takes  its  rise  in  the 
town  of  Deering,  and  pursues  a  circuitous  course  eastward,  draining  about  77  square. miles,  while  the  South  branch 
rises  in  Francestown,  and  drains  about  100  square  miles.  The  drainage  area  is  hilly,  and  the  fall  of  the  stream  is 
great,  though  not  so  large  as  that  of  the  western  tributaries  of  the  Merrimack  between  this  point  and  the  state  line. 
The  bed  and  banks  are  generally  rocky  where  the  falls  occur,  but  are  often  light  and  sandy  in  the  intervals.  The 
flow  is  quite  variable,  there  being  no  lakes  or  artiflcial  reservoirs  of  importance.  Mount  William  pond,  in  Weare; 
Gregg's  pond,  in  Deering;  and  Haunted  pond,  in  Francestown,  cover  respectively  about  125,  250,  and  190  acres, 
and  are  the  largest  in  the  basin.  Facilities  for  storage,  however,  are  said  to  exist,  and  have  been  talked  of  in 
connection  with  the  water-supply  of  Manchester. 

Near  the  mouth  of  the  stream  is  a  shuttle  factory,  with  a  fall  of  lO.J  feet,  and  about  60  horse-power  during  nine 
mouths.  Two  miles  above  is  an  unutilized  fall  known  as  Kelly's  falls,  where  the  fall  is  small,  but  where  it  is  said  that 
a  dam  18  feet.high  could  be  built.  At  Gofl'stowu  Centre  a  pulp-mill  uses  a  fall  of  13  feet  and  167  horse-power  during 
about  nine  mouths,  no  steam  being  used.  Between  this  mill  and  Gofl'stown  West  Village  there  is  considerable 
unutilized  fall.  At  the  latter  place  a  sash-and-blind  mill  uses  13  feet,  and  above  that  point  there  are  various  small 
mills  on  both  branches,  and  several  small  unutilized  privileges.  That  the  fall  of  the  stream  is  large  is  shown  by 
the  fact  that  its  elevation  at  Parker's  station  is  about  299  feet,  while  at  its  mouth  it  is  about  121  feet,  so  that  the 
slope  between  these  points  is  at  the  rate  of  not  less  than  12  or  15  feet  per  mile,  while  above  Parker's  station  the 
slope  is  even  more  rapid  than  below.  The  total  fall  utilized  within  the  distance  referred  to  being  about  50  feet, 
there  is  an  unutilized  fall  ou  this  stream,  below  the  junction  of  the  two  branches,  of  about  128  feet.  No  gaugings 
of  the  flow  are  on  record,  but  it  has  been  estimated  at  about  45  cubic  feet  per  second,  on  the  average,  during  the 
summer  months.  Its  minimum  flow  is  probably  not  over  half  this  quantity.  On  the  upper  branches  of  the  stream 
there  is  no  doubt  a  large  amount  of  power  entirely  unused. 

THE  SUNCOOK  EIVEE. 

This  stream,  the  next  important  tributary  of  the  Merrimack,  takes  its  rise  at  the  foot  of  Ganstock  mountain,, 
in  Belknap  county,  whence  it  pursues  a  course  toward  the  south  and  west,  entering  the  Merrimack  In  Merrimack 
county,  about  6  miles  l)elow  Concord  and  2  miles  above  Hooksett.  Its  length  measured  in  a  straight  line  is 
about  27  miles,  and  its  drainage  area  measures  about  264  square  miles,  its  largest  tributary  being  the  Little 
Suncook,  which  drains  44  square  miles.  The  principal  towns  on  the  stream  are  Suncook,  at  the  mouth,  and 
Pittsfleld.  The  drainage  basin  is  hilly  and  broken,  more  so  than  that  of  the  streams  south ;  the  bed  and  banks  of 
the  stream  are  often  rock,  and  there  are  no  swamps  or  meadow-lands  of  importance  subject  to  inundation.  The 
fall  of  the  stream  is  large.  Lougee  pond,  near  its  head,  lies  at  an  elevation  above  the  sea  of  622  feet,  while  the 
height  of  its  mouth  is  about  198  feet,  so  that  the  total  fall  of  the  stream  between  these  points,  or  about  22  miles  in 
a  straight  line,  is  about  424  feet.  Allowing  for  the  windings  of  the  stream,  its  declivity  is  probably  not  less  than  12- 
feet  to  the  mile. 

The  following  table  gives  some  additional  elevations : 


Declivity  of  the  SuncobJc  river. 


Place. 


Moath 

Moatli  of  Little  Snncook 

Pittafield,  above  dam 

LoDgee  pond 


Distance 

from 
moutli. . 


I 


Miles. 
0 

12± 

20  ± 

32  ± 


Elevation 
above 
tide. 


Feet. 
198  j 

336  = 


622' 


Distance 
between 
poijits. 


Miles. 

12  ± 

8* 

12± 


Fall 
between 
points. 


Feet 

138 
135 
151 


Pall 
per  mile 
between 
points. 


Feet. 

11.  5± 
16. 9  ± 
12. 6  ± 
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Of  the  total  fall  mentioned,  only  about  350  feet  are  utilized,  so  that  some  fall  is  still  available.  The  9ow  of  the 
stream  is  regulated  to  some  extent  by  a  number  of  ponds  near  the  headwaters  of  the  stream,  but  near  the  mouth 
their  effect  is  small.  Of  these  ponds  we  may  mention  the  following,  with  their  areas  as  given  by  the  agent  of  the 
Pittsfield  mills,  Mr.  G.  E.  Kent :  Lougee  pond,  627  acres,  from  which  5J  feet  can  be  drawn ;  Upper  Suncook  pond, 
380  acres,  and  Lower  Suncook  pond,  294  acres,  from  both  of  which  8  feet  may  be  drawn ;  Place's  pond,  300  acres, 
from  which  11  feet  may  be  drawn ;  Half  Moon  pond,  361  acres,  and  Brindle  pond,  250  acres,  not  dammed ;  Hill's 
pond,  100  acres,  a  range  of  2  feet  being  controlled;  together  with  eight  other  ponds  not  dammed,  with  a  total  area 
of  711  acres— making  in  all,  above  Pittsfield,  fifteen  ponds,  with  a  combined  area  of  3,023  acres.  Besides  these,  the 
manufacturing  companies  at  Suncook  control  two  ponds,  both  on  the  Little  Suncook,  viz :  Suncook  pond,  500  acres, 
from  which  4  feet  may  be  drawn,  and  Pleasant  pond,  500  acres,  from  which  6  feet  may  be  drawn.  Notwithstanding 
these  regulators,  the  flow  of  the  stream  is  quite  variable,  though  no  trouble  is  experienced  with  freshets.  A 
railroad  follows  the  stream  as  far  as  Pittsfield,  thus  rendering  every  important  point  easily  accessible.  The 
important  powers  on  the  stream  are  the  following : 

Within  a  mile  of  the  mouth  the  fall  is  about  80  feet,  used  by  three  cotton-mills.  At  the  lowest,  that  of  the  China 
Manufacturing  Company,  the  fall  is  35  feet,  and  about  1,000  (?)  horse-power  are  used  during  about  nine  months.  The 
dam  is  about  25  feet  high,  and  the  canal  1,000  feet  long.  Steam  is  in  reserve  to  the  extent  of  1,000  horse-power. 
At  the  next  mill,  the  Pembroke,  a  stone  dam  17  feet  high  affords  a  fall  of  17  feet,  with  350  (?)  horse-power  used 
almost  all  the  time,  steam  being  only  used  to  the  extent  of  75  horse-power.  At  the  third  mill,  that  of  the  Webster 
Manufacturing  Company,  a  wooden  dam  7  feet  high,  with  a  canal  of  1,200  feet,  affords  a  fall  of  27  feet  and  500  (?) 
Iiorse-power,  considerable  steam  being  used  all  the  time.    At  these  mills  there  is  no  waste  of  water  in  a  dry  time. 

The  next  mill  above  is  a  saw-  and  grist-mill,  using  but  a  small  amount  of  power.  The  pond  is  used  principally 
to  regulate  the  flow,  the  dam  being  provided  with  gates  which  are  shut  every  night  and  opened  every  morning. 
The  flow  at  this  point,  which  is  the  same  as  that  at  the  mills  below,  might  be  estimated  about  as  follows,  the 
drainage  area  being  about  264  square  miles:  Minimum,  50  cubic  feet  per  second,  or  about  5.7  horse-power  per 
foot  continuously;  minimum  low  season,  62  cubic  feet  per  second,  or  about  7.1  horse-power  per  foot;  low  season, 
■dry  years,  71  cubic  feet  per  second,  or  8.1  horse-power  per  foot ;  and  maximum  with  storage,  180  cubic  feet  per 
second,  or  about  20  horse-power  per  foot. 

At  Backstreet  there  are  two  dams,  with  a  total  fall  of  about  22  feet.  At  Short  falls,  and  at  various  points 
above,  there  are  small  mills,  using  only  small  amounts  of  power.  At  Pittsfield  the  Pittsfield  cotton-mills  use  a 
fall  of  18  feet,  and  obtain  200  horse-power  all  the  time,  by  saving  the  water  at  night  during  six  months  of  the  year. 
Between  the  mouth  of  the  Little  Suncook  and  this  place  there  are  numerous  unimproved  sites.  Above  Pittsfield 
there  is  a  dam  used  for  regulating,  being  shut  every  night,  and  still  farther  up  are  the  ponds  which  have  been 
named. 

On  the  Lit.tle  Suncook  there  are  various  small  mills,  supplied  with  very  constant  power.  Both  streams  may 
be  called  excellent  streams  for  power,  and  considerable  additional  power  will  no  doubt  some  time  be  utilized  on 
them.  Suncook  pond,  at  the  head  of  the  Little  Suncook,  has  an  elevation  of  512  feet,  while  the  mouth  of  the 
stream  is  at  an  elevation  of  336  feet.  The  total  fall  of  the  Little  Suncook  is,  therefore,  176  feet,  or  about  35  feet 
per  mile. 

,     THE  SODCOOK  EIVEE. 

This  stream,  which  rises  in  the  southern  part  of  Belknap  county,  pursues  a  southerly  course  almost  parallel  to 
that  of  the  Suncook,  emptying  into  the  Merrimack  about  2  miles  above  the  mouth  of  the  latter.  Its  length,  in  a 
straight  line,  is  about  20  miles,  and  it  drains  an  area  of  about  90  square  miles.  Its  power  seems  of  little  importance, 
for  not  only  is  very  little  used,  but  the  stream  is  said  to  be  sluggish  and  unfit  for  power  in  its  lower  parts,  while 
above  it  is  too  small,  its  flow  being  also  very  variable.    It  may,  therefore,  be  dismissed  without  further  description. 

THE  CONTOOCOOK  IMVEE. 

The  Contoocook,  the  largest  tributary  of  the  Merrimack,  takes  its  rise  in  the  southeastern  corner  of  Cheshire 
county,  very  near  the  Massachusetts  line,  its  sources  being  a  number  of  ponds  in  the  towns  of  Jaffrey  and  Eindge. 
For  about  25  miles  in  a  direct  distance  the  course  of  the  stream  is  a  few  degrees  east  of  north,  the  river  passing 
into  Hillsborough  and  Merrimack  counties ;  for  the  remainder  of  its  length,  or  about  20  miles  in  a  straight  line, 
its  course  is  northeast,  till  it  joins  the  Merrimack  at  Fisherville,  about  6  miles  north  of  the  eity  of  Concord. 
Its  length,  measured  along  its  course,  is  over  50  miles,  and  its  total  drainage  area  measures  about  766  square 
miles.  The  principal  towns  on  the  stream  are  Peterborough,  Bennington,  Antrim,  Hillsborough,  Henniker,  and 
Hopkinton.  The  fall  of  the  stream  is  large,  as  the  following  table  shows.  Eising  at  an  elevation  of  between  1,100 
and  1,200  feet  above  the  sea,  it  falls,  in  its  course  of  about  55  miles,  to  an  elevation  of  249  feet,  or  an  average  of  about 
15.7  feet  per  mile.  Its  declivity  is  not  gradual,  however,  but  is  broken  by  a  number  of  abrupt  falls,  rendering  a  large 
amount  of  power  available.    The  topography  of  the  drainage  area  is  rather  peculiar.     Separated  on  the  south  by  a 
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Fig.  13.       MAP  OF  THE  DRAINAGE  BASIN  OF  THE  CONTOOCOOK  RIVER. 
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range  of  hills  from  the  sources  of  the  tributaries  of  the  Connecticut,  it  is  bounded  on  the  east  by  a  range  of  high 
and  irregular  hills  which  separate  it  from  the  main  valley  of  the  Merrimack,  and  which  increase  in  height  toward 
the  south.  Prom  these  hills  the  valley  spreads  out  toward  the  west,  first  falling  suddenly,  then  rising  gradually 
to  the  water-shed  between  the  Contoocook  and  the  Connecticut.  It  is  in  the  extreme  eastern  part  of  the  basin 
that  the  course  of  the  stream  lies,  flowing  at  the  very  base  of  the  hills  separating  it  from  the  Merrimack.  From 
the  east,  therefore,  the  stream  receives  no  tributaries  of  importance,  while  from  the  west  and  northwest  it  receives 
important  affluents.  Flowing,  then,  in  a  direction  almost  contrary  to  that  of  the  stream  it  seeks  to  join,  the 
Contoocook  finally  cuts  through,  near  Henuik.er,  the  hills  separating  the  two,  and  then  flows  more  directly  toward  it. 


Declivity  of  the  Contoocook  river. 


Place. 


Mouth 

One  and  one-half  miles  above  mouth . 

Ju3t  above  ContoocookviUe 

Just  below  Hennlker   

Foot  of  Long  fall , 

Head  of  Long  fall ^. 

Foot  of  falls  at  Hillsborough  bridge  . 
Head  of  falls  at  Hillsborough  bridge  . 

Foot  of  falls  at  Bennington 

Head  of  falls  at  Bennington 

Foot  of  falls  at  North  Peterborough . 
Head  of  falls  at  North  Peterborough. 

Foot  of  falls  at  Peterborough 

Head  of  falls  at  Peterborough 

Hillsborough  county-line 

Three  Ponds,  in  Rindge 


Distance 

from 

mouth. 


Miles. 
0 

1.6 

ILO 

20.6 

22.0 

24  0 

20.8 

27.0 

35.5 

36.5 

44.0 

44.0 

46.0 

46.0 

49.5 

55.0 


Elevation 
above  tide. 


Feet. 
249  ± 

355 

365 

389 

433 

516 

564 

591 

606 

676 

714 

724 

727 

734 

875± 

1,  lU 


Distance 
between 
points. 


Miles. 

1.5 
9.5 
9.6 
1.4 
2.0 
2.8 
0.2 
8.5 
LO 
7.5 

0 
2.0 

0 
3.5 
5.5 


FaU 
between 
points. 


Feet. 

100 
10 
24 
44 

113 
18 
27 
15 
70 
38 
10 
3 
7 

141 

239 


FaU  per 
mile  be- 
tween 
points. 


Feet. 

7L0 
LO 
2.5 

31.4 

66.5 

6.4 

135.0 

L8 

70.0 
5.1 


40.3 
43.4 


The  bed  and  banks  of  the  Contoocook  are  in  every  way  favorable  for  power.  The  former  is  generally  of  rock  or 
;gravel,  and  no  difficulty  is  found  in  building  dams  at  the  places  where  power  is  available.  The  banks  are  generally 
high  enough  to  confine  the  stream,  there  being  few  low  grounds  subject  to  overflow  except  along  the  lower  part  of  the 
stream,  below  West  Hopkinton.  The  flow  of  the  stream  is  quite  variable,  there  being  no  large  reservoirs  by  which 
it  is  regulated.  A  few  small  ponds  and  reservoirs  near  the  headwaters  and  on  the  tributaries  are  utilized  by  the 
mill-owners  for  purposes  of  storage,  but  they  exercise  little  effect  on  the  main  stream.  The  freshets,  however, 
though  quite  heavy,  cause  little  or  no  trouble,  on  account  of  the  large  fall  of  the  stream.  The  basin  is  tolerably 
well  wooded.  No  gaugings  of  the  flow  are  on  record,  but  some  estimates  are  presented  below.  The  rainfall  over 
the  basin  averages  about  44  inches,  of  which  11  fall  in  spring  and  in  summer,  13  in  autumn,  and  9  in  winter;  a 
distribution  favorable  for  constant  flow.  A  railroad  follows  the  river  for  almost  its  entire  length,  rendering  every 
point  easily  accessible. 

The  first  power  on  the  river,  as  it  is  ascended,  is  at  Fisherville,  where  the  fall  amounts  to  over  100  feet  in  a 
distance  of  IJ  mile.  Within  this  distance  there  nre  a  number  of  dams  and  mills  of  various  kinds,  but  the  power  is 
not  economically  utilized,  and  a  considerable  amount  is  wasted.  The  upper  dam  is  IJ  mile  above  the  mouth  of  the 
stream,  and  is  of  wood,  10  feet  high,  ponding  the  water  for  about  6  miles.  It  turns  the  water  into  a  partly  natural 
channel  between  the  shore  and  an  island,  and  a  fall  of  7^  feet  is  used  by  a  saw-mill,  by  means  of  a  dam  across  this 
channel,  the  water  being  discharged  into  the  channel  below  the  dam.  Just  below,  a  fall  of  20  feet  is  available,  using 
.this  same  water,  but  no  power  is  yet  used  here. 

The  next  dam  below  is  the  Penacook  dam,  1  mile  below,  the  total  fall  between  it  and  the  dam  above  being 
about  30  feet.  This  dam  is  about  200  feet  long  and  12  or  13  feet  high,  making  a  pond  covering  at  least  520,000 
square  feet.  A  canal  about  1,100  feet  long  affords  a  fall  of  from  12  to  15  feet,  used  on  the  right  bank  by  the  following 
mills:  Penacook  cotton-mill,  15  feet  fall  and  about  350  horse-power;  0.  H,  Amsden's  furniture  factory,  with  12  feet 
fall  and  about  115  horse-power;  and  a  table  factory,  with  about  12  feet  fall  and  25  horse-power.  The  power  is  owned 
by  the  Contoocook  Manufacturing  Company,  and  power,  etc.,  leased  by  those  using  it.  Full  capacity  can  generally 
be  obtained  by  all  these  mills,  but  in  dry  weather  there  is  no  waste  at  night.  The  water  from  the  last  two  mills 
passes  into  the  pond  below,  the  next  or  third  dam  being  of  wood,  about  225  feet  long  and  8  or  9  feet  high,  supplying 
the  cotton-mill  of  the  Contoocook  Manufacturing  Company,  on  the  left  bank,  with  a  fall  of  15  feet  and  about  150 
.horsepower,  which  can  always  be  obtained 


Part  of  the  water  from  the  Penacook  mill  passes  into  the  pond  of  this 
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dam;  the  rest  supplies  the  Concord  Axle  Company,  which  uses  a  fall  of  about  7^  feet  and  about  60  horse-power. 
Between  this  point  and  the  next  or  lowest  dam  some  fall  is  not  utilized.  The  last  dam  is  a  primitive  affair,  making- 
no  pond  and  turning  the  water  into  races  on  both  sides  of  the  river.  On  the  south  or  right  banli  a  canal  about  400 
feet  long  supplies  C.  M.  &  A.  W.  Eolfe's  sash,  door,  and  blind  factory  with  a  fall  of  9  feet  and  about  30  horsepower, 
followed  by  Blanchard's  Excelsior  mill,  with  a  fall  of  17  feet,  now,  however,  not  in  operation.  On  the  north  or  left 
bank  are  Harris'  woolen- mill,  with  a  fall  of  16  feet  and  about  35  horsepower,  and  Stratt6n,  Merrill  &  Co.'s  saw- 
mill and  flour-mill,  with  about  90  horse-power  at  the  latter,  the  fall  being  about  20  feet.  The  latter  firm  also  leases 
some  power  to  an  ax-handle  factory,  a  granite  polishing  shop,  and  saw-works.  Alarge  amount  of  fall  is  wasted 
here  in  the  races.  Between  the  lowest  mills  and  the  river  there  is  some  fall,  amounting,  at  low  water,  to  4  or  5  feet, 
but  in  high  water  this  disappears. 

It  will  be  evident  that  the  power  at  Fisherville,  naturally  a  very  fine  one,  is  wastefully  utilized  and  in  part 
yet  unimproved.  Taking  the  drainage  area  above  the  uppermost  dam  as  760  square  miles,  we  may  estimate  the 
available  power  about  as  follows : 

Estimate  of  power  of  the  GontoocooTc  river  at  Fisherville. 


State  of  flow  (see  pages  8-10). 

Flow  per 
second. 

Horse-power  available 
(gross)  continuously. 

Flow 
during 
twelve 
hours. 

Horsepower  available 

(gross)  during  twelve 

hours. 

Oubicfeet. 
150 
190 
450 
220 

IfootfaU. 
17.0 
21.6 
51.1 
25.0 

im  feet  fall. 
1,700 
2,160 
5,110 
2,500 

Cw.ft. 
300 
380 
665 
435 

IfootfaU. 
34.0 
43.2 
75.6 
50.0 

IMfeetfaU. 
3,400    ' 
4,320 
7,560 
5,000 

Low  seasou,  dry  years 

According  to  a  report  by  John  E.  Freeman,  hydraulic  engineer,  of  Lawrence,  Massachusetts,  the  storage  on 
the  upper  pond  is  probably  sufficient  to  -store  a  quantity  of  water  which  would  give  a  flow  of  215  cubic  feet  per 
second  during  twelve  hours,  thereby  doubling  the  low-season  flow  during  working  hours.  Mr.  Freeman  made  a 
ganging  when  the  river  was  sAid  to  be  in  its  ordinary  summer  condition,  and  found  the  flow  without  storage  to  be  269 
cubic  feet  per  second.  The  large  power  at  this  place  is  thus  far  from  completely  utilized,  and  there  is  opportunity 
for  great  development.  Between  Fisherville  and  West  Dopkinton  the  river  is  bordered  by  lowlands,  while  above 
the  latter  place  the  banks  are  generally  high. 

The  next  power  above  Fisherville  is  12  miles  above  the  upper  dam,  by  the  river,  at  Contoocookville.  At 
Blackwater  falls,  6  miles  above  the  uppfer  dam,  there  is  a  small  fall,  but  it  is  destroyed  by  the  flash-boards  below, 
and  is  of  no  value.  At  Contoocookville  a  fall  of  7  or  8  feet  is  used  for  a  saw-  and  grist-mill  and  a  machine-shop, 
with  a  small  amount  of  power  and  a  very  leiiky  dam,  though  considerable  power  is  available.  At  West  Hopkinton, 
about  3J  miles  above,  a  fall  of  7  or  8  feet  is  used.  Between  this  and  the  next  power,  at  Henniker,  there  is  some  fall 
not  used.  At  Henniker  there  are  two  dams.  The  lower  one  affords  a  fall  of  12  feet  at  a  small  mill,  and  the  upper 
one  a  fall  of  8  feet.  At  West  Henniker  a  fall  of  12  feet  is  used  at  a  paper-mill,  using  100  horse-power,  which  can  be 
obtained  during  about  eleven  months.  Above  the  pond  of  this  mill,  which  is  about  a  quarter  of  a  mile  long,  the 
fall  is  very  rapid  for  2  miles,  amounting  to  113  feet  in  that  distance,  the  river  winding  through  a  narrow  valley, 
with  a  rocky  bed  and  high  banks.  A  large  portion  of  this  fall  could  probably  be  rendered  available,  but  none  is 
yet  utilized.  The  quantity  of  water  is  the  same  as  at  Hillsborough,  and  from  the  table  below  the  power  available 
can  be  seen.  At  Hillsborough  there  are  two  dams.  The  lower  one  is  about  12  feet  high,  and  supplies  a  canal  on 
each  side  of  the  river,  power  being  used  on  the  south  side  for  two  knitting-mills,  with  about  75  horse-power,  a 
needle-shop,  and  a  grist-mill,  with  perhaps  40  horse-power;  and  on  the  north  side  for  a  saw-mill  with  75  horse- 
power, and  a  silk  ftictory  with  8  horse-power.  The  fall  is  from  12  lo  16  feet.  In  dry  weather  no  water  is  wasted  at 
night,  except  what  leaks  through  the  dam.  The  upper  dam  is  about  11  feefe  high  and  ponds  the  water  about  5  miles. 
The  fall  is  14  feet,  used  by  the  Hillsborough  woolen-mill,  with  80  or  90  horse  power.  Half  the  river  is  owned  on  the 
other  side,  but  is  not  used,  except  that  gates  are  opened  there  to  let  water  yass  into  the  lower  pond  when  it  does 
not  flow  over  the  dam. 

The  drainage  area  above  Hillsborough  is  about  359  square  miles,  and  the  power  may  be  estimated  about  as 
follows : 

Estimate  of  power  at  Hillsborough  Bridge. 


D6 


State  of  flow  (aeo  pageft  8-10). 

Iflow  per 
second. 

Horse-power  available  (gross)  continuously. 

Oubicfeet 

eo 

72 

250 

82 

IfootfaU. 
0.8 
8.2 
S8.  i 
9  3 

12feetfa.U.' 

82 

98 

341 

112 

li  feet  fall. 

95 

115 

398 

130 

lis  feet  faU. 

768 

927 
3,209 
1,051 
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As  already  stated,  the  dry-weather  flow  may  all  be  conceiitrated  into  twelve  hours,  and  the  power  thus  doubled. 

The  next  power  above  Hillsborough  bridge  is  at  Bennington,  about  9  miles  distant.  At  this  place  the  fall  is 
70  feet  in  about  2  miles,  and  is  utilized  at  five  dams.  The  uppermost  dam,  which  is  7  or  8  feet  high,  is  a  mile  above 
the  station,  and  was  formerly  utilized  by  a  powder-mill,  but  is  now  used  only  as  a  regulator.  Below  it  is  a  dam 
about  12  feet  high,  affording  a  fall  of  12  feet  at  a  knife  factory.  Next  below  are  a  grist-  and  saw- mill  and  a  second 
knife  factory,  the  former  with  a  fall  of  12  feet,  the  latter  with  one  of  7  feet,  from  different  dams.  The  fifth  dam 
supplies  a  paper-mill,  with  a  fall  of  18  feet,  and  about  120  horse-power,  during  part  of  the  year. 

The  power  at  Bennington  is  badly  iitilized,  and  might  be  made  much  more  valuable  than  it  now  is.  The 
amount  of  power  may  be  estimated  as  follows,  the  drainage  area  being  about  194  square  miles: 


Estimate  of  power  at  Bennington. 


state  of  flow  (see  pages  8-10). 

Flow  per 
second. 

Horae-power  available 
(gross)   continuously. 

Cubwfeet. 
30 
36 
150 
42 

IfootfaU. 
3.4 
4.1 
17.0 
4.8 

70  feet  fall. 

238 

287 

1,190 

336 

The  ponds  are  all  small,  excepting  the  upper  two,  but  these  are  large  enough  to  allow  of  the  power  being  greatly 
increased,  and  probably  doubled,  during  working  hours. 

The  next  power  above  Bennington  is  2  miles  below  Peterborough,  where  a  fall  of  10  feet  is  utilized.  At 
Peterborough  a  grist-mill  uses  7  feet,  and  above  this  place  are  various  small  mills  and  several  unutilized  privileges. 
Half  a  mile  above  the  town  is  a  fall  of  6  or  7  feet,  once  utilized  ;  then  just  above  is  the  "  Kimball"  privilege,  also 
unutilized, said  to  have  a  fall  of  10  feet;  and  2J  miles  above  the  town  is  a  third  unutilized  site,  the  fall  being  considerable 
for  a  distance  of  a  mile  or  so.  The  upper  parts  of  the  stream  are  well  utilized,  and,  on  account  of  the  ponds  on  the 
headwaters,  the  power  is  more  constant  than  lower  down.  Pew  details  could  be  learned  regarding  these  ponds, 
except  that  some  are  dammed  and  used  for  regulating.  Their  effect  is  only  felt  appreciably  on  the  upper  parts  of 
the  river. 

Of  the  tributaries  of  the  Contoocook,  the  first  to  be  mentioned  is  the  Blackwater  river,  which  takes  its  rise  in 
Pleasant  pond,  in  the  northern  part  of  Merrimack  county,  and  pursues  a  southerly  and  easterly  course,  draining 
about  132  square  miles,  and  joining  the  Contoocook  about  6 J  miles  above  its  mouth.  The  privileges  on  the  stream 
were  named  to  me  as  follows,  by  those  acquainted  with  it,  in  their  order  as  one  ascends  :  1.  An  old  privilege,  not 
used,  with  10  feet ;  2.  Jackman's  mills,  where  the  total  fall  is  some  30  feet,  10  feet  being  used  at  present  by  a  saw-mill ; 
3.  Dodge's  mills,  a  saw-mill,  with  12  feet;  4.  Swett's  mills,  a  grist-mill,  with  15  or  20  feet  used  and  considerably 
more  .available ;  5.  Burbank's  saw-mill,  10  feet.  Above  this  are  numerous  small  mills  not  worth  naming.  Pleasant 
pond  is  dammed  to  a  height  of  about  6  feet,  and  used  by  a  mill  below.  The  stream  is  quite  a  good  one  for  power, 
but  its  flow  is  very  variable,  and  the  mills  sometimes  have  to  stop. 

The  next  tributary  is  Warner  river,  a  stream  very  similar  to  the  Blackwater.  It  rises  in  the  western  part  of 
the  county,  and  pursues  a  course  a  little  south  of  east,  joining  the  Contoocook  just  below  Contoocookville.  The 
powers  are  as  follows : 

1.  At  Davisville  there  is  a  fall  of  42  feet  in  a  quarter  of  a  mile,  with  a  dam  of  8  or  10  feet,  of  which  about  12 
feet  are  used  for  a  paper-mill,  with  a  power  of  60  horse-power  continuously  during  about  nine  months,  and  12  fe'et 
for  a  machine-shop,  with  about  30  horse-power.  Below  this,  a  fall  of  18  feet  is  not  used.  This  site  is  the  best  on 
the  river. 

2.  At  Warner  village,  a  grist-mill  uses  6  or  7  feet. 

3.  At  Waterloo  a  fall  of  15  or  20  feet  is  used. 

4.  At  Eoby's  corner  a  fall  of  8  feet  is  not  used. 

Above  this  are  various  small  mills,  and  other  sites  not -used.  Several  ponds  feed  the  stream,  viz  :  Long  pond, 
in  Webster,  about  500  acres,  dammed  about  4  feet,  and  used  for  regulating ;  Bradford  pond,  covering  500  acres, 
not  dammed;  Long  pond,  in  Sutton,  covering  200  acres,  and  dammed.  The  stream  offers  considerable  facilities' 
for  the  development  of  small  powers,  but  its  flow,  like  that  of  the  Blackwater,  is  very  variable. 

The  l^orth  branch  of  the  Contoocook,  which  joins  the  main  stream  just  above  Hillsborough  bridge,  runs  a  few 
small  mills,  but  no  details  are  at  hand.  Several  ponds  flow  into  this  stream,  the  principal  ones  being  Long  pond, 
which  covers  about  450  acres,  and  can  be  drawn  down  about  5  feet;  Island  pond,  covering  about  380  acres,  but  said  to 
be  not  regulated ;  Loon  pond  and  Contention  pond,  each  covering  about  200  acres,  and  not  regulated.  The  stream 
has  a  large  fall,  descending  over  432  feet  from  source  to  mouth. 

Great  brook,  which  enters  the  river  in  Antrim,  from  the  west,  is  the  outlet  of  Gregg's  pond,  and  falls  404  feet 
from  'he  pond  to  the  river,  in  a  distance  of  only  about  3  miles,  running  a  number  of  mills.  The  power  is  small, 
hut  quite  constant.  q- 
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.  The  only  remaining  tributary  worth  naming  is  Nubanusit  creek,  which  enters  from  the  west  in  Peterborough^ 
draining  about.  66  square  miles.  It  has  a  very  rapid  fall  and  runs  a  number  of  mills.  Near  the  mouth  is  the  Phenix 
factory,  with  a  fall  of  25  feet,  and  136  horse-power  during  part  of  the  year,  and  just  above  it  is  a  pulp-mill  with  26 
feet,  and  about  200  horse-power.  Within  a  mile  of  its  mouth  its  fall  is  not  less  than  100  feet,  and  it  extends  some 
distance  farther  up  the  stream  with  almost  the  same  slope.  A  fall  of  14  feet,  unutilized,  is  said  to  exist  below  the 
lower  mill  of  the  Union  Manufacturing  Company,  and  another,  of  52  feet,  above  their  upper  mill.  Above  this^ 
point  there  are  extensive  meadows,  which,  it  is  said,  could  easily  be  flooded,  and  a  reservoir  formed  sufficient  to 
Increase  very  greatly  the  power  below ;  and  other  similar  meadows  exist  farther  up.  The  upper  parts  of  the  stream, 
are  well  utilized,  but  some  unutilized  sites  still  exist — one,  with  14  feet  fall,  just  above  the  lower  meadow,  and 
others  still  above.  The  stream  is  fed  by  some"  ponds,  viz,  Thorndike  pond,  covering,  it  is  said,  450  acres,  and 
capable  of  being  drawn  down  6  feet,  entering  the  main  stream  just  above  the  unutilized  fall  of  52  feet;.  Spoonwood 
pond,  the  head  of  the  stream,  covering  100  acres,  and  capable  of  being  drawn  down  10  feet;  Long  pond,  800  (?) 
acres,  with  a  range  of  12  feet ;  Twichell  pond,  120  acres,  with  a  range  of  4  feet ;  Phenix  reservoir,  covering  several 
hundred  acres,  with  a  range  of  6  or  7  feet,  and  lying  at  an  elevation  of  1,^18  feet.  The  power  of  this  little  stream, 
which  falls  over  500  feet  from  Harrisville  to  its  mouth,  is  excellent,  though  small.  The  mill-ponds  on  the  lower 
part  are  small,  but  those  above  suffice  to  store  the  water  at  night,  in  dry  seasons,  rendering  it  possible  to  control 
the  flow.  The  stream  could  no  doubt  be  further  improved  in  this  direction,  and  there  is  a  large  amount  of  fall  upon 
it  still  unutilized. 

THE  WINNIPISEOGEE  EIVEE. 


This  river,  which  has  already  been  referred  to  as  one  of  the  headwaters  of  the  Merrimack,  is  a  most  remarkable 
stream.  Lake  Winnipiseogee,  of  which  it  is  the  outlet,  lies  in  Belknap  and  Carroll  counties,  and  covers,  when  full, 
an  area  of  7l|  square  miles,  including  Long  bay,  receiving,  in  addition,  through  its  tributaries,  the  waters  of  various^ 
smaller  lakes  and  ponds,  aggregating  about  11  square  miles  in  area.  Prom  the  lake  the  Winnipiseogee  river  passes 
first  by  the  town  of  Lake  Village  into  Bound  bay,  which  covers  about  0.5  square  mile,  and  then  flows  by  the  town  of 
Laconia  into  Great  bay,  covering  7.33  square  miles ;  thence  it  continues  its  course  toward  the  southeast,  widening 
into  numerous  bays,  until  at  last  it  joins  the  Pemigewasset  at  Franklin,  to  form  the  Merrimack.  The  length  of  its 
course,  in  a  straight  line  from  Lake  Village  to  Franklin,  is  about  12  miles,  and  its  total  drainage  area  measures 
not  less  than  480  square  miles.  Further  data  regarding  the  area  drained  above  other  points  are  given  in  the  table 
on  a  subsequent  page.  Within  this  short  course  of  12  miles  the  stream  descends  not  less  than  225  feet.  The  following 
table  shows  its  declivity  more  in  detail,  and  from  it  Fig.  16  has  been  constructed-  The  figures  are  only  approximate,, 
but  are  not  far  from  the  truth : 

Declivity  of  the  Winnipiseogee  river. 


Place. 


Lake  Winnipiseogee 

Lake  yillage,  below  dam. 

Bonnd  bay,  head 

Eonnd  bay,  foot 

Laconia,  above  dam 

Laconia,  below  dam 

Great  bay,  kead , 

Sanbom^on  bay,  foot 

Union  bridge,  abovedam. . , 
TTnicn  bridge, below  dam.. 

Little  bay,  head 

Little  bay,  foot  

Above  Tilton ; . 

Below  Tilton 

Below  Franklin  Falls 

Month  of  river 


Distance 

from 
mouth. 


Miles. 
13.65 

13.  C5 

13.59 

12.  3i 

11.92 

11.92 

11.  n' 

7.31 

6.00 

6.09 

6.61 

5.26 

3.81 

2.65 

0.50 


Elevation 
above 
sea. 


Feet 
496-502.  0 

490.0 

483.0 

488.0 

487.5 

479.5 

478.0 

478.0 

476.0 

466.5 

460.5 

460.5 

4:e.  0 

410.0 
270.0 
267.0 


Distance 
between 
points. 


MUes. 


1.45 
1.16 
2.15 
0.50 


Fall 
between 
points. 


Feet. 


0.00 

10.  0± 
2.0 

1.25 

0.42 

0.5 

8.0 

0.75 

1.5 

3.86 

0.02 

1.5 

9.6 

0.08 

■    6.0 

•   1.35 

8.5 
42.0 

140.0 
3.0± 


Fall  per 
mile  be- 
tween 
points. 


Feet. 


36.21 
I       65.12 


In  the  lower  2  miles  of  its  course  the  stream  descends  like  a  cataract  over  ledges  of  solid  rock,  the  bank* 
being  high,  rocky,  and  sometimes  abrupt.  In  the  upper  part  of  its  course  the  bed  and  banks  are  sometimes  of 
gand  and  gravel,  but  there  are  no  low  grounds  subject  to  overflow,  even  were  the  stream  subject  to  freshets.  Being 
the  outlet  of  the  largest  lake  in  New  Hampshire,  the  flow  from  which  is  furthermore  controlled  in  the  interest  of  the- 
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mills  lower  down  on  tbe  stream,  the  volume  of  water  is  remarkably  constant.  Even  were  the  lake  not  controlled, 
the  volume  of  the  river  would  be  comparatively  constant,  but  being  regulated,  the  water-power  below  is  considerably 
improved.  In  the  summer-time,  namely,  when  other  streams  are  at  their  lowest,  the  corporations  at  Lowell  and 
Lawrence  are  drawing  heavily  on  the  lake,  and  there  is  a  heavy  flow  on  the  Wiunipiseogee.  Were  the  flow  of  the 
lake  under  absolute  control  of  the  Lake  Company,  there  would  be  times  when  it  might  desire  to  retain  all  the 
■water,  allowing  none  to  flow  down  the  Wiunipiseogee;  but  in  order  to  prevent  this  injury  to  the  water-powers  on 
the  latter  stream,  that  company  is  obliged  to  allow  a  very  considerable  quantity  tg  flow  past  its  dams  at  Lake 
Village  and  at  Union  bridge— continuously  at  Union  bridge,  but  during  the  daytime  at  Lake  Village.  The  minimum 
power  of  this  river,  then,  is  very  considerable,  and  the  stream  is,  in  fact,  one  of  the  most  favorable  in  the  state  or 
in  the  country  as  a  source  of  power.  It  is  astonishing  to  see  the  large  quantity  flowing  down  the  Winuipiseogee 
in  the  summer-time,  when  other  streams  are  almost  dry.  The  extreme  range  of  water  on  the  lake  is  about  5J  feet, 
of  which  about  18  inches  are  not  controlled,  but  goes  over  the  dam  in  freshets,  the  lowest  level  being  about  4  feet 
below  the  top  of  the  dam.  The  river,  however,  scarcely  knows  a  freshet,  as  it  is  ordinarily  understood,  the  water 
seldom  rising  over  3  or  4  feet.  The  storage  capacity  of  the  lake  is  probably  at  least  great  enough  to  store  a 
depth  of  3  or  4  inches  over  the  water-shed  tributary  to  it,  or  a  depth  sufflcient  to  render  available  the  maximum 
flow  possible  continuously.     (See  pages  8-10.) 

A  map  of  the  drainage  basin  of  the  Winnipiseogee  river  is  shown  in  Fig.  16.  It  comprises  a  hilly  country, 
tolerably  well  wooded,  the  rainfall  over  which  averages  about  44  inches,  11  falling  in  spring  and  in  summer,  13  in 
autumn,  and  9  in  winter.  The  tributaries  of  the  stream  are  small  and  unimportant.  A  railroad  follows  the  river 
for  its  entire  length,  rendering  every  point  easy  of  access. 

The  powers  on *he  stream  are  as  follows: 

The  large  fall  near  the  mouth,  at  Franklin  Falls,. is  controlled  by  Franklin  Falls  Water  Power  Companj',  and 
affords  a  power  that  will  bear  comparison  with  the  great  powers  on  the  Merrimack.  There  are  six  dams  within  a 
distance  of  2.15  miles.  The  first  or  lowest,  as  the  river  is  ascended,  is  of  wood,  9  feet  high  and  CO  feet  long,  with 
flash-boards  5  feet  high,  making  the  fall  14  feet,  which  is  used  on  both  sides  of  the  river;  on  the  north  by  the 
Winnipiseogee  Paper  Company,  using  500  horsepower;  and  on  the  south  by  A.  W.  SuUoway's  hosiery-mill,  with 
50  or  60  horse-power.  The  paper-mill  runs  night  and  day,  the  other  only  in  tlie  day-time.  No  steam  is  in  use,  but 
at  times,  however,  there  is  no  waste  of  water.  One-third  of  the  power  is  owned  by  A.  W.  Sijlloway,  and  two-thirds 
by  the  paper  company.  The  maximum  power  used  is  much  in  excess  of  that  afforded-by  the  minimum  flow,  because 
in  the  paper-mills  extra  wheels  are  on  hand  to  be  run  when  there  is  an  abundance  of  water. 

The  second  dam  is  about  4,200  feet  above  the  first,  but  between  the  two  there  is  an  unimproved  fall  of  about  19 
feet,  corresponding  to  a  minimum  power  of  several  hundred  horse-power.  The  second  dam,  built  of  wood,  is  100 
feet  long  and  14  feet  high,  with  18  inches  of  flash-boards.  The  fall  is  14  feet,  and  is  used  on  the  south  side  by  the 
Franklin  woolen-mill,  using  100  horse- power,  and  on  the  north  side  by  the  hosiery-mill  of  Walter  Ailven,  using  200  (?) 
horse-power.    Full  capacity  is  always  obtained,  and  no  steam  is  necessary. 

The  third  dam,  built  of  wood,  is  720  feet  above  the  second,  and  is  about  100  feet  long  and  11  feet  high,  with  2 
feet  of  flash-boards.  The  power  is  used  on  the  south  side  by  the  Winnipeseogee  Paper  Company,  with  a  fall  of  16 
feet,  and  about  500  horse-power  in  all,  and  by  the  Clark  &  Haynes  machine-shop,  using  only  a  fall  of  13  feet  and 
30  horse-power;  and  on  the  north  side  .by  Sleeper's  sash-and-blind  mill,  with  a  fall  of  12  feet  and  32  horse-power, 
and  by  Call's  grist-mill,  with  a  fall  of  12  feet  and  25  horse-power. 

The  fourth  dam  is  650  feet  above  the  third,  and  is  of  wood,  125  feet  long  and  20  feet  high,  with  2  or  3  feet  of 
flash-boards.  It  supplies  the  pulp-mill  of  the  paper  company,  where  the  fall  is  20  feet,  and  the  power  used  some 
1,000  horse-power. 

The  fifth  dam  is  a  new  dam,  built  in  1881,  while  all  the  others  were  built  many  years  ago.  It  is  about  1,500 
feet  above  the  fourth,  and  between  the  two  there  is  an  unimj)roved  fall  of  about  16  feet,  capable  of  affording  a 
minimum  power  of  several  hundred  gross  horse-power.  The  fifth  Jam  is  of  wood,  90  feet  long  and  27  feet  high, 
affording  a  fall  of  27  feet,  which  is  used  at  a  pulp-mill  of  the  paper  company,  where  about  1,400  horse-power  are 
used. 

The  sixth  dam  is  about  4,300  feet  above  the  fifth,  and  is  of  wood,  100  feet  long  and  7J  feet  high,  including  2 
feet  of  flash-boards.    The  fall  is  14  feet,  used  by  a  third  pulp-mill,  with  nearly  700  horse-power. 

Almost  the  entire  power  on  these  falls  is  controlled  by  the  Franklin  Falls  Water  Power  Company,  and  power 
is  rented,  with  land,  at  special  rates,  according  to  circumstances.  The  Winnipiseogee  Paper  Company  owns  the 
controlling  interest  in  the  water-power  company.  The  minimum  power  which  would  be  afforded  continuously  by 
the  total  fall  of  140  feet  at  Franklin  Falls  is  several  thousand  gross  horse-power.  The  ponds  are  all  too  small  to 
allow  of  the  concentration  of  pbwer  into  the  day-time,  but  as  the  principal  part  of  the  power  is  used  by  the  paper- 
mills,  which  run  day  and  night,  this  is  not  desired.  Scarcely  any  power  in  New  England  can  compare  with  this 
one  for  constancy  of  flow  and  for  generally  favorable  circumstances. 

The  next  power  on  the  stream  is  at  Tilton,  where  there  is  a  fall  of  about  42  feet  in  a  little  over  a  mile,  with 
four  dams.  The  lowest  affords  a  fall  of  ,10J  feet,  used  to  run  a  woolen-mill,  with  30  or  40  horse-power.  Just  below 
this  mill  a  fall  of  7  or  8  feet  is  unimproved.    The  next  dam  above  affords  a  fall  of  10  or  12  feet,  and  is  used  on  the 
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north  bank  by  the  Winnisquam  cotton-mill,  with  125  or  150  horse-power,  and  a  hosiery-miU  on  the  south  bauk,  with 
25  or  30  horse-power.  The  third  dam  is  a  movable  "  needle"  dam,  made  by  supporting  vertical  planks  against  sills 
above  and  below.  The  fall  is  6  feet,  used  on  both  sides,  by  a  woolen-  and  a  gristmill.  ITie  fourth  dam  affords  a  full 
of  7^  feet,  which  is  used  on  the  south  side  by  the  Granite  woolen-mill,  with  about  50  horse-power,  and  on  the  north 
bank  by  a  saw-mill,  leasing  power  of  the  Granite  Company.  The  whole  power  at  this  dam  is  owned  by  the  Lake 
Company,  and  a  rent  of  $300  per  annum  is  paid  for  it. 

Between  the  last  mill  and  Little  bay  is  a  site  not  used,  where  there  was  formerly  a  saw-mill.  The  fall,  however, 
is  not  very  large,  and  the  popper  is  not  spoken  of  as  a  very  good  one. 

At  Union  bridge,  between  Little  and  Sanborn  ton  bays,  is  the  dam  of  the  Lake  Company,  built  of  stone  and 
wood,  and  provided  with  gates  for  regulating  the  amount  of  water  allowed  to  pass.  The  power  afforded  is  used  by 
a  small  saw-  and  grist-mill,  discharging  the  water  into  Little  bay,  and  using  a  fail  of  about  10  fbet.  There  is 
considerable  fall  below  the  dam,  which  is  from  7  to  10  feet  high,  and  the  total  fall  to  Little  bay  from  the  pond 
above  the  dam  is  about  17  feet,  which  might  be  utilized  without  difficulty.  At  present  the  mill  cannot  be  run 
uninterruptedly,  the  water  being  at  times  allowed  to  flow  over  the  dam,  where  its  quantity  can  be  measured,  instead 
of  through  the  race.  There  seems  no  reason,  however,  why,  with  proper  arrangements,  a  large  power  could  not  be 
used  here. 

The  next  power  on  the  stream  is  at  Laconia,  above  Great  bay.  The  dam  at  this  place  is  of  wood,  about  50 
feet  long  and  6^  feet  high.  From  it  a  canal  extends  on  each  side  of  the  river,  supplying  the  following  mills,  all 
with  falls  of  8  feet : 

Ou  the  north  side :  Proportion  of  total  power. 

J.  W.  Busiel  &  Co.'s  hosiery-mill '. -^f 

L.  F.  Busiel's  hosiery-mill f ^ 

Marshall  Brothers'  yarn-mill ..--     /f 


Total. 


On  the  south  side  : 

W.  H.  Abel  &  Go's  machine-shop > 

William  Busiel's  shoddy-mill ) ^ 

Pitma;n  Manufacturing  Company's  hosiery-mill -^ 

Laconia  grist-mill -^ 

Guilford  hosiery-mill ^^ 

Total i 

This  power  is  owned  by  the  mill-owners  in  common,  in  the  above  proportions,  but- no  measurements  are  made 
of  the  quantity  used  by  each,  or  precautions  taken  to  secure  the  proper  distribution,  the  sizes  of  the  wheels  forming 
the  only  data.  No  steam-power  is  in  use,  and  there  is  during  the  greater  part  of  the  time  no  waste  of  water  whatever. 
In  addition  to  these  mills  there  are  three  othe'rs,  taking  water  from  a  canal  on  the  north  side,  which  runs  from  above 
the  dam.  These  mills  are  the  Winnipiseogee  hosiery-mill,  with  about  25  horse-power ;  "W.  S.  Thomas'  machine-shop, 
with  10  horse-power;  and  the  Laconia  car-shops,  with  perhaps  40  horse-power.  The  power  on  this  canal  is  leased 
as  it  stands,  with  room,  there  being  no  regular  rate  for  power. 

The  only  remaining  power  on  the  Winnipiseogee  is  at  Lake  village.  T^ie  dam  at  this  place  belongs  to  the  Lake 
Company,  which  also  owns  all  the  water-power  rights,  and  is  of  stone  and  wood,  about  10  feet  high  and  250  feet  long. 
The  discharge  is  regulated  by  gates,  as  at  Union  bridge.  When  water  is  ordered  from  Lowell  or  Lawrence,  the 
necessary  quantity  is  allowed  to  pass  the  lower  dam,  the  same  quantity  being  also  allowed  to  pass  that  at  Lake 
Village,  hence  water  is  received  at  Lowell  sooner  than  if  the  only  dam  were  that  at  Lake  Village,  for  then  the 
intermediate  bays  would  first  have  to  be  filled.  The  power  at  Lake  Village  is  used  on  both  banks.  On  the  right 
are  the  company's  grist-mill,  with  30  horse-power;  Bartlett's  hosiery-mill;  the  Howard  twine-mill,  with  40  horse- 
power ;  and  the  Union  Lace  Company,  with'abouf  100  horse-power.  On  the  left  are  the  company's  saw-mill,  with 
25  or  30  horse-power;  Holt  &  Co.'s  hosiery-mill ;  Brown,  Wood  &  Kingman's  hosiery -mill ;  the  Cox  Needle  Company 
with  8  horse-power;  Cole's  foundery  and  machine-shop,  with  115  horsepower,  partly  sublet;  and  the  railroad 
repair-shops,  with  35  or  40  horse-power.  In  most  cases  the  buildings  are  owned  by  the  Lake  Company,  and  the 
power  and  buildings  are  rented  as  they  stand,  there  being  no  regular  rate  for  power.  In  the  case  of  the  Cole 
Manufacturing  Company  and  the  railroad  repair-shops,  the  power  is  held  by  a  perpetual  lease. 

The  tributaries  of  the  Winnipiseogee  river  are  of  small  importance.     The  only  one  worth  mentioning Tioga 

river— rises  in  a  reservoir  in  Gilmanton,  and  enters  the  river  between  Tilton  and  Little  bay.  It  affords  power  to  a 
hosiery-mill  at  Belmont,  using  96  horse-power,  with  a  fall  of  32  feet.  The  reservoir  cover  6137  acres,  and  can  be 
drawn  down  15  feet. 

The  tributaries  of  the  lake  are  also  not  of  great  importance,  and  are  all  small  streams,  the  divide  between  the 
lake  and  adjacent  streams  lying  nowhere  more  than  7  miles  from  the  lake.  There  are  none  on  the  west  worth 
naming.     Merrymeeting  river,  from  the  south,  is  the  outlet  of  Merrymeeting  pond,  which  covers  about  3.7  square 

miles,  and  lies  at  an  elevation  of  87  feet  above  lake  Winnipiseogee.    Little  power,  however,  is  used  on  the  stream 
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notwithstanding  its  considerable  fall.  The  lake  is  not  dammed.  At  Wolfeborough  there  are  some  mills  on  the  outlet 
of  Smith's  pond,  which  lies  at  an  elevation  of  40  feet  above  the  lake.  The  pond  is  dammed,  and  is  controlled  by  the 
Lake  Company,  with  power  to  shut  ofl'  the  flow  entirely,  and  the  mills  referred  to  are  below  the  company's  dam,  there 
being  no  power  used  at  the  latter.  In  Moultonborough  the  outlet  of  some  small  ponds  runs  a  few  small  mills,  but 
the  only  other  stream  worth  namiug  is  the  Wukawau  river,  which  empties  at  Meredith  village.  It  is  the  outlet  of 
lake  Wukawan,  covering  1  square  mile,  and  into  which  flow  Long  pond  and  Hawkins  pond.  A  dam  a  quarter  of 
a  mile  below  lake  Wukawan  raises  the  level  of  the  latter  6J  feet,  and  that  of  Long  pond  4  feet,  the  dam  itself  being 
about  60  feet  long  and  11  feet  high.  The  fall  from  this  point  to  lake  Winnipiseogee,  in  a  distance  of  a  few  hundred 
feet,  is  42  feet  when  both  lakes  are  full.  The  power  is  owned  and  controlled  by  the  Meredith  Mechanic  Association, 
which  owns,  also,  the  land,  buildings,  machinery,  etc.,  and  leases  the  power  as  it  stands.  The  mills  supplied  are  the 
following,  all  with  42  feet  fall:  Hodgson's  hosiery-mill,  60  horsepower;  American  Twist  Drill  Company,  60 
horsepower;  Long's  piano  shop  and  Clark's  box  factory,  60  horse-power;  grist-mill,  30  horse-power;  Wadleigh 
Plow  Company,  10  horse-power.  Full  capacity  can  always  be  secured,  and  no  steam  is  used.  In  dry  weather, 
however,  there  is  no  waste  at  night  except  from  the  flumes  and  penstocks.  The  power,  though  small,  is  an  excellent 
one. 

THK   PEMIGEWASSET   BiyKR. 

This  river,  which,  by  its  union  with  the  Winnipiseogee,  forms  the  Merrimack,  is  a  stream  essentially  different 
from  the  one  just  described.  It  has  its  source  in  the  heart  of  the  mountains,  in  Grafton  county,  being  the  outlet 
of  Prodle  lake,  in  Franconia,  which  lies  at  an  elevation  of  about  1,950  feet  above  the  sea.  From  thi^  small  sheet 
of  water  the  river  descends  very  rapidly,  pursuing  a  very  straight  course  almost  due  south  for  a  distance  of  nearly 
40  miles.  It  then  bends  and  flows  west  for  about  6  miles,  turning  again  at  Bristol  and  flowing  nearly  south  to  join 
the  Winnipiseogee.  For  the  lower  23  miles  of  its  course  it  forms  the  boundary  between  Belknap  county  on  the 
east  and  Grafton  and  Merrimack  counties  on  the  west.  Its  total  length  along  its  course  is  about  58  miles ;  its 
drainage  area  measures  about  1,013  square  miles;  and  the  principal  towns  on  its  course  are  Franklin,  Hill,  Bristol, 
New  Hampton,  Ashland,  and  Plymouth.  Its  drainage  area  is  mountainous  and  hilly,  and  in  the  upper  part  is  quite 
thickly  covered  with  woods,  probably  nine-tenths  of  the  area  above  Plymouth  (a)  and  two-thirds  of  that  southward 
being  covered  with  forests.  The  fall  of  the  stream  is  rapid,  as  the  following  table  shows,  but  is  for  the  most  part 
gradual,  except  in  the  upper  part.  The  bed  and  banks  in  the  lower  part  are  mostly  of  gravel  and  sand,  and  the  stream 
is  bordered  in  places  by  alluvial  lands  from  half  a  mile  to  a  mile  in  width,  which,  however,  are  seldom  overflowed: 

Declivity  of  the  Pemigewasset  river. 


Place. 


Profile  lake,  source  of  river  . 

Month  of  East  branch 

Woodstock 

West  Thornton 

West  Compton 

Llvermore  falls  (above) 

Livermore  falls  (below) 

Plymouth 

Ashland 

New  Hampton 

Bristol 

Month  of  Smith's  river 

HiU 

Franklin  (above  falls) 

Franklin  (below  falls) 

Mouth 


Distance 

from 

mouth. 


Elevation 
above  tide. 


Distance 
between 
points. 


Miles. 
58.0 

48.7 

4.5.3 

42.  2 

35.9 

31.2 

31.0 

29.2 

23.5 

19.0 

12.8 

10.5 

7.0 

0.8 

0.2 


Feet. 
1,950 

710 

627 

576 

540 

505 

483 

468 

459 

438 

352 

320 

305 

295 

269 

267 


\ 


Miles. 

9.6 
3.4 
3.1 
6.3 
4.7 
0.2 
1.8 
5.7 
4.5 
6.2 
2.3 
3.5 
6.2 
0.6 
0.2 


FaU 
between 
points. 


Feet. 

1,240 
83 
51 
36 
35 
22 

15. 
9 

21 
86 
32 

15 

/ 

10 


Fall  per 

mile  oe- 

tween 

points. 


Note.— These  figures  are  taken  from  the  Geology  of  New  Hampshire,  Vol.  III. 


Feet. 

133.33 

24.41 

16.45 

5.71 

7.45 

110 

8.33 

1.58 

4.67 

13.87 

13.91 

4.29 

1.61 

43.33 

10 


In  the  upper  part,  abov«  Thornton  and  Compton,  the  river  valley  is  narrow  and  closely  bordered  on  both  sides 
by  mountain  ranges,  the  bed  and  banks  being  rocky  and  the  falls  abrupt.     Draining,  as  it  does,  a  mountain  region, 


a  Geology  of  New  Hampshire,  Vol.  I,  p.  306. 
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the  flow  of  the  stream  is  very  variable,  especially  as  there  are  no  large  lakes  to  render  it  constant.  Only  on  two 
of  ifs  tributaries  is  artificial  storage  made  use  of  to  any  extent,  and  these  join  the  river  in  the  lower  part  of  its 
course.  A  few  estimates  of  the  flow  are  presented  in  the  following  pages.  The  rainfall  over  the  basin  is  about 
the  same  as  over  that  of  the  Winiiipiseogee,  or  about  44  inches,  of  which  11  fall  iii  spring  and  in  summer,  14  in 
autumn,  and  8  in  winter.  The  stream  is  accessible  by  rail  between  Franklin  atid  Bristol  and  between  Ashland 
and  Plymouth,  and  a  new  railroad  is  now  being  built  above  Plymouth,  rendering  the  upper  parts  easier  of  access. 
Notwithstanding  the  great  fall  of  the  river,  its  water-power  is  almost  unimproved.  Not  a  mill  occurs  on  the  lower 
31  miles  of  its  course,  and  above  that  point  it  is  so  small  and  so  variable  as  to  be  of  little  value.  Several  falls 
occur,  however,  within  this  distance  which  deserve  mention.  The  first  is  at  Franklin,  being  really  a  continuation 
of  the  fall  on  the  Merrimack  just  below  the  junction  of  the  two  headwaters.  The  principal  part  of  the  fall,  however, 
occurs  just  above  the  town,  where  within  a  distance  of  less  than  three-quarters  of  a  mile  the  stream  descends  26 
feet.  In  the  upper  part  the  fall  is  about  15  or  20  feet  in  a  quarter  of  a  mile,  over  a  bed  of  rock  and  bowlders,  with 
high  banks.  The  general  location  would  admit  of  the  utilization  of  the  power,  though  it  has  never  been  attempted. 
The  drainage  area  being  about  994  square  miles,  I  should  make  an  estimate  of  the  power  about  as  follows : 


Estimate  of  power  of  the  Pemigewasset  river  at  Franldin. 


State  of  flow  (see  pages  8-10). 

<< 

Drainage 
area. 

How  per 
second. 

Horse-power  available  (gross)  con- 
tinuously. 

ATiniTnTim 

Sq.  miles. 
1                 f 
■      994    \ 

JJuMcfeet. 
200 
250 
600 
290 

Ifnotfall. 
22.7 
28.4 
68.2 
33.0 

IbfeetfaU. 
340 
426 
723 
49S 

26  feetfall. 

580 

738 

1,  773 

858 

Minimum  low  seaRon            . 

Maximum,  with  8toraf!;e 

There  is  no  fall  of  importance  between  this  point  and  the  mouth  of  Smith's  river,  a  small  fall  at  Hill  being 
valueless.  From  the  mouth  of  Smith's  river  the  fall  is  rapid  all  the  way  to  New  Hampton,  but  the  greater  part, 
known  as  Bristol  falls,  occurs  in  about  a  mile,  near  the  town.  The  bed  is  of  gravel  and  bowlders,  and  the  banks 
are  tolerably  high.  This  site  has  never  been  used..  An  estimate  of  the  power  available  might  be  given  somewhat  as 
follows : 

Estimate  of  power  at  Bristol. 


state  of  flow  (see  pages  8-10). 

Drainage 
area. 

Flow  per 
second. 

Horse-power 
available 

(gross)  con- 
tinuously. 

TWinininrTi             

Sq.  miles. 
754    •; 

Cubic  feet. 
125 
150 
450 
176 

IfootfaU. 
14.2 
17.0 
51.1 
20.0 

MiniTnnm  '"W  H'^ftflon  . . .      , ,. 

MaTimnpn,  with  fltornj;'* 

Low  season,  dry  year^ 

Of  the  total  fall  referred  to  it  is  said  that  14  feet  could  be-utilized  without  a  dam,  and  with  a  canal  2,800  feet  long. 

Between  New  Hampton  and  Ashland  there  is  a  site  formerly  used,  but  not  of  much  importance.  The  stream 
is  rocky  and  the  banks  are  high  all  the  way  bietween  Bristol  and  New  Hampton,  but  above  that  point,  and  especially 
above  Ashland,  the  valley  opens  out,  the  fall  is  less,  and  the  bed  and  banks  are  often  sand.  Two  more  small  falls, 
of  4  or  5  feet,  occur  between  New  Hampton  and  Ashland.  Thence  up  to  Plymouth,  and  above,  the  stream  is  very 
flat  and  the  banks  sandy,  the  river  frequently  changing  its  channel.  The  principal  fall  in  this  part  of  the  river 
occurs  at  Livermore  falls,  2  miles  above  Plymouth.  A  wooden  dam  28  feet  high,  on  a  ledge  of  rock,  ponds  the 
water  only  a  few  hundred  feet,  but  the  fall  used  is  only  18  feet,  the' rest  being  wasted.  The  power  is  used  for  an 
excelsior-mill  and  a  tannery.  The  fall  is  rapid  above  this  place,  and  numerous  sites  could  be  found  where  power 
might  be  developed,  but  no  mills  are  now  running.  The  quantity  of  water  is  very  small  in  the  summer,  and  the 
power  is  therefore  exceedingly  unreliable. 

It  would  seem,  then,  that  various  causes  have  combined  to  prevent  the  utilization  of  the  power  of  the 
Pemigewasset,  namely,  the  fact  that  the  smaller  tributaries  have  generally  sufficed  for  the  small  mills  seeking 
power  in  this  vicinity,  and  the  variability  of  flow  of  the  main  river,  together  with  the  greater  difficulty  and  cost  of 
utilizing  it,  especially  as  the  bed  and  banks  are  generally  gravel  or  sand.  The  tributaries  of  the  Pemigewasset 
<are,  therefore,  of  greater  importance  than  the  main  stream  as  sources  of  power. 

Tributaries  of  the  Pemigewasset  river.— At  Franklin  a  small  stream  enters  from  the  west,  the  outlet 
of  Webster  pond,  affording  small  but  constant  power.    Its  fall  is  very  large,  and  is  all  utilized. 
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Smith's  river,  from  the  west,  eiuptyinj;  about  2  miles  below  Bristol,  drains  about  SO  square  miles.  Its  fall  is 
rapid  for  several  miles  from  its  mouth,  amounting,  it  is  said,  to  several  hundred  feet  in  that  distance,  of  which, 
however,  only  about  25  or  30  feet  are  utilized.  Within  half  a  mile  of  the  mouth  the  fall  is  said  to  be  nearly  100 
feet.  Above  Danbury  the  river  has  little  fall.  Its  flow  is  exceedingly  variable,  there  being  no  lakes  of  importance 
tributary  to  it,  and  in  the  summer  it  is  almost  dry.  Had  it  equally  large  reservoirs  it  might  be  as  valuablea  stream 
as  New  Found  or  Sqiiam  rivers,  described  below. 

New  Found  river,  which  joins  the  Pemigewasset  at  Bristol,  is  a  stream  similar  to  the  Winnipiseogee,  though 
much  suu^ller.  It  is  tlie  outlet  of  New  Found  lake,  a  sheet  of  water  covering  about  7.8  square  miles,  and  lying  at 
an  elevation  of  about  597  feet  above  the  sea.  {a)  The  stream  is  only  between  2  and  3  miles  in  length,  but  its  descent 
in  that  distance  is  about  238  feet,  the  greater  part  of  this  fall  occurring  at  the  lower  end,  where  it  pours  in  successive 
cataracts  over  ledges  of  rock.  The  total  drainage  area  of  the  stream  is  about  95  square  miles  ;  that  of  the  lake  is 
almost  as  large.  The  lake  is  one  of  the  reservoirs  of  the  Lake  Company,  and  its  level  has  been  raised  about  7  or 
8  feet  by  a  dam,  affording  a  large  storage  capacity,  probably  sufQcient  to  store  a  depth  of  3  or  4  inches  on  the 
entire  drainage .  area,  or  enough  to  render  available  the  maximum  flow  possible  continuously.  (See  pages  8-10.) 
Wc  have  here,  then,  as  in  the  case  of  the  Winnipiseogee,  an  example  of  a  stream  reservoired  to  its  full  capacity, 
so  that  no  additional  reservoirs  could  render  permanently  available  during  a  number  of  years  a  greater  flow 
than  would  now  be  afforded  were  the  discharge  made  uniform.  As  in  the  case  of  the  Winnipiseogee,  the  flow  is 
partially  controlled  by  the  Lake  Company,  and  there  is  generally  most  water  flowing  in  the  summer,  when  other 
streams  are  suffering  from  lack  of  water.  The  powers  on  the  stream  are  the  following :  At  the  outlet  of  the  lake  a 
saw-mill  belonging  to  the  Lake  Company,  runs  part  of  the  year;  within  the  next  half-mile  there  is  an  unutilized 
fall  of  between  10  and  20  feet;  then  comes  a  woolen-mill,  with  a  fall  of  6  or  7  feet,  now  not  running;  then  a 
saw-mill,  with  a  fall  of  12  feet ;  then  Mason,  Perkins  &  Co.'s  paper-mill,  with  a  fall  of  22J  feet,  and  about  200 
horse-power,  running  day  and  night;  then  a  grist-mill,  with  13  feet  fall;  then  the  New  Hampshire  Chemical  Pulp 
and  Paper  Company,  with  about  15  feet;  then  Holden's  woolen-mill,  with  16  feet,  and  not  over  30  horse-power; 
then  Mason,  Perkins  &  Co.'s  straw-board  mill  atid  a  tannery,  with  13  feet.  This  brings  us  to  the  bridge  at  Bristol, 
900  feet  from  the  mouth  of  the  river.  Between  this  point  and  the  lake  the  utilized  fall  is  therefore  about  110  feet^ 
and  the  fall  still  unutilized  about  25  feet.  In  the  last  900  feet  of  its  course  the  river  falls  103J  feet,  and  the  power 
is  used  in  a  very  complicated  and  wasteful  manner  by  a  large  number  of  mills,  which  it  is  not  necessary  to  describe. 
The  water  is  distributed  in  a  crude  and  unscientific  manner,  but  the  mills  generally  can  run  almost  all  the  time, 
and  no  trouble  ensues. 

The  next  stream  of  importance  is  Squam  river,  a  stream  similar  to  that  just  described,  being  the  outlet  of 
Great  and  Little  Squam  lakes,  which  cover  together  about  11.75  square  miles,  and  lie  at  an  elevation  of  about  510 
feet  above  the  sea.  It  is  about  2J  miles  long,  falling  111  feet,  and  entering  the  Pemigewasset  at  Ashland.  It  drains 
a  total  area  of  about  67  square  miles,  and  the  lakes  but  little  less.  The  latter  are  controlled  by  the  Lake  Company, 
and  a  dam  about  15  feet  high,  near  the  outlet  of  Little  Squam  lake,  raises  the  level  •f  both  lakes  some  4  or  5  feet, 
affording  probably  suflBcient  storage  capacity  to  render  available  the  maximum  flow  permanently  possible,  so  that 
we  have  here  a  third  example  of  a  stream  reservoired  to  its  full  capacity.  The  Lake  Company  allows  a  considerable 
quantity  of  water  to  flow  continuously  past  its  dam,  thus  affording  excellent  powers  on  the  stream  below,  the  fall 
being  utilized  by  a  number  of  mills,  as  follows: 

At  the  upper  dam  a  saw-mill  is  operated  by  the  Lake  Company,  running  part  of  the  year ;  next  below  is  a  grist- 
mill,  also  owned  by  the  company ;  then  comes  a  woolen-mill,  with  15  feet  and  about  50  horse  power,  and  a  leather- 
board  mill,  with  40  horse-power;  below  is  a  new  hosiery-mill  and  a  straw-board  mill,  neither  in  operation,  with  a 
fall  of.  16  feet;  then  a  paper-mill,  with  15  J  feet  and  about  60  horse-power;  then  a  tannery,  with  14  feet  and  45 
horse-power ;  then  a  paper-mill,  with  17  J  feet  and  150  horse-power ;  and,  finally,  within  a  mile  of  the  mouth,  of  the 
stream,  a  leather-board  mill,  with  11  feet.  There  is  little  fall  not  used  on  the  stream,  except  at  the  unutilized  site 
mentioned  above. 

The  remaining  tributaries  of  the  Pemigewasset  are  of  small  importance,  draining  a  mountainous  country,  and 
with  very  variable  flow,  though  with  large  fall.  Baker's  river,  which  empties  from  the  west,  just  above  Plymouth, 
drains  about  220  square  miles,  but  in  the  lower  part  of  its  course  is  bordered  by  alluvial  lands,  and  has  little  power, 
while  on  its  upper  parts  a  few  small  saw-mills  run  part  of  the  year.  The  bed  and  banks  on  the  lower  parts  are 
sandy  and  gravelly,  and  subject  to  considerable  changes  in  freshets.  Mad  river,  which  enters  from  the  east,  a  little 
farther  up,  has  considerable  fall,  deriving  its  name  from  its  rapid  current,  and  is  utilized  at  Compton  and  other 
places  by  m'ills  of  various  kinds.  The  Hast  branch  of  the  Pemigewasset  drains  a  wholly  uninhabited  region  of  some 
115  square  miles.    On  these  upper  tributaries  many  cataracts  are  to  be  found,  but  they  are  of  no  value  for  power. 


a  Geology  of  New  Bampshire,  Vol.  I,  p.  308. 
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Tbe  following  tables  give  the  drainage  areas  of  the  tributaries  of  the  Merrimack,  and  the  power  utilized  on  them, 
lu  glancing  over  the  figures  one  will  obser.ve  the  enormous  power  which  this  drainage  basin  affords.  The  total  net 
horse-power  utilized  is,  in  round  numbers,  78,600  on  the  main  stream  and  its  branches,  or  about  16  horse-power  per 
square  mile  of  area : 

Table  of  drainage  areas  of  the  Merrimack  river  and  tributaries. 


stream. 


Merrimack  river, . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Powow  river 

Sbawsheen  river. . 

Spicket  river 

Beaver  brook 

Sudbury  river 

Assabet  river 

Cod  cord  river 

Do 

Do 

Stony  brook 

Nashua  river 

Do 

North  branch  of  . . 
South  branch  of. . . 
Squanacook  river . 
KissitisBit  river . . . 
Stillwater  river. . . 


Quinepoxet  river  . . 

Souhegan  river 

Do  

Stony  brook 

Baboosic  brook  — 

Cohass  brook 

Piscataquog  river  . 
Soutb  branch  of  . . . 
North  branch  of . . . 
Suncook  river 


Tributary  to  what. 


Above  what  point. 


Atlantic  ocean. 
...do 


do. 

do. 
.do  . 

do. 
.do  . 

do  . 


Merrimack  river 

....do 

.--.do 

...do 

Concord 

...do  

Merrimack  river 

...do 

...do 

...do 

..-.do  

.-..do 

Nashua  river 

...do  

...do 

...do 

South  branch  of  the 
N  ashua  river. 

...do 

Merrimack  river 

...do 

Souhegan  river 

...do 

Merrimack  river 

...do 

Fiscataquog  river  . . 

...do 

Merrimack  river 


Franklin 

Sewell's  falls 

Garvin's  falls 

Hooksett 

Manchester 

Lowell 

Lawrence 

Newburyport , 

Mouth 

...do 

...do 

...  do  

....do 

...do  

North  Billerioa 

Mouth  of  Meadovv  brook . 

Mouth 

.--.do 

Junction  of  two  branches 

Mouth 

..:.do  

...do 

...  do 

...do 

...do 


...do 

Wilton  ... 

Month 

...do 

...do 

...do 

--.do 

.-  do..... 

...do 

Pittsfield  . 


Draanage 
area. 


Sq.  Tniles, 

1,.(93 

2,360 

2, 412 

2,791 

2,639 

4,085 

4,599 

4,916 

50 

72 

79 

92 

150 

173 

355 

361 

380 

35 

256 

516 

127 

129 

70 

54 

37 

54 

67 

224 


214 

100 

77 

133 


Stream. 


Tributary  to  what. 


Suncook  river  . . . 

Do 

Do 

Little  Snncookriver. 

Soucook  river 

Contoocook  river.  . 

Do 

Do 

Do , 

Do... ,.. 

Do 

Do  

Nubanusit  river  — 
North  branch  of  — 

Warner  river 

Blackstone  river — 

Do 

Wiunipiseogee  river 

Do : 

Do 

Do 

Do... 

Do 

Merrymeeting  river . 
Pemigewasset  river. 

Do 

Do 

Do 

Smith's  river 

New  Found  ri  ver . . . 

Baker's  river 

Squam  river 

Mad  river 

North  brancK  of 

East  branch  of 


Merrimack  river. . 

....do 

...do  

Snncookriver 

Merrimack  river. . 

...do 

...  do 

...do ! 

...do 

— do 

...do 

...do 

Contoocook 

..-.do 

...do 

...do 

...do 

Merrimack 

...do 


.do  . 
.do  . 
do. 
.do  . 


Lake  Winnipiseogee 

Merrimack  river  . . 
...do 

...do 

...do 

Pemigewasset  river. 

...do 

....do 

...  do 

...do 

...do 

...do 


Above  what  point. 


Month  of  Little  Suncook 

Shortfalls 

Mouth 

...do 

...do 

Peterborough 

Bennington 

Hillsborough 

Henuiker 

West  Hopkinton 

Contoocook 

Mouth 

...do 

...do 

-.  do - 

Cilleyville 

Mouth 

Outlet  of  lake 

Lake  Village 

Laconia 

EastTilton 

Tilton 

Mouth 

-.  do •. 

Livermore  falls 

Bristol  falls 

Franklin  falls 

Mouth 

.-.do 


do  . 
do. 
do  . 
do. 
.do. 
.do  . 


Drainage 
area. 


Sq. 


Tniles. 

108 

220 

264 

44 

90 

68 

194 

359 

388 

423 

593 

766 

56 

127 

14» 

67 

132 

348 

357 

367 

423 

466 

480 

37 

398 

754 

994 

1,013 

80 

9S 

220 

67 

66 

28 

115 


Table  of  power  utilized  on  the  tributaries  of  the  Merrimack  river. 


stream. 


Powow  river.-.'.  . 

Do 

Do 

Sbawsheen  river  . 

Do 

Do 

Do 

Do 

Do 

Spicket  river 

Do 

Do 

Do 

Do 

Do 

Do 
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Tributary  to  what. 


Merrimack  river. 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do :... 

...do  

...do  

...do  


State. 


Massachusetts . . . 
New  Hampshire  . 

...do 

Massachusetts... 

...do  

...do  

...do 

...do 

...do  

...do 

...do  

...do 

...do , 

...do 

Now  Hampshire . 
...do  


County. 


Essex 

Kockingham. 

....do 

Essex 

...do  

...do  

Middlesex 

...do 

..  do 

Essex 

...do 

...do 

...do 

...do 

Hockingham. 
...do 


Kind  of  mill  or  manufacture. 


■^Joolen 

Flour  and  grist . 

Saw 

Twine 

Woolen 

Saw 

Flour  and  grist . 

Saw 

Woodeu-ware... 
Bagging 


Woolen . . . 

Cotton 

Worsted. 
Hosiery. . 
Woolen... 


» 

IS 

a 

<o 

Cm 

;i 

g 

'd 

.2 

a 

1 

|2< 

H 

Feet 

1 

66 

1 

7 

2 

18 

2- 

19 

2 

23 

13 

12 

1 

12 

8 

40 

15 

12 

39 

12 

10 

16 

1,765 

30 

55 

225 

275 

5 

20 

20 

100 

62 


80 

BOO 

140 

40 

75 
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stream. 


Spicket  river  - . 

Do 

Beaver  brook  . . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Concord  river. , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sudbury  river  . 

Do 

Do 

Do 

Do 

Do 

Do 

Assabet  river . . 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  of  the . 

Do 

Do  

Do 

Do 

Do  

Do ; 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Stony  brook 

Do.. 

Do 

Do 

Do 


Tributary  to  -what. 


Merrimack  river. 

...do  

...  do  

....do  

....do 

...do 

...do 

...  do  

...do    

...do 

....do 

...do 

...do 

..  do 

...do 

..  do 

...  do , 

...do 

...do , 

...  do : 

..  do 

....do 

....do , 

Concord  river 

..  do 

...do 

...do 

..  do 

...do  

...do 

....do 

..  do 

...  do  

..  do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 

...do 

...do 

...do....' 

...do 

..  do 

...do 

..  do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

Merrimack  river. . 

...do 

...do  

...do 

...do  


State. 


New  Hampshire. 

...do •. 

...do 

...do  

...do  

...do  

...do 

...do  

...do 

...  do 

...do 

Massachusetts  — 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

..  do 

..  do 

..  do 

..  do 

...do 

..do 

..  do 

...do 

...do 

..  do 

..  do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do , 

...do  

...do 

...do  

...do 

...do 

...do 

.:.do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...ao 

...do 

...do  

...do 


County. 


Eockingham . 
...do 


...do 

...do 

...  do 

...do  

...do 

...  do 

Hillsborough  . 

..  do    

...do  

Middlesex 

...do 


do. 

.do  . 

.do  . 
do  . 
do- 
do, 
do. 

.do. 

.Ho. 


...do 

...do 

...do 

...do 

..  do 

Worcester . 

...do 

...do 

Middlesex  . 

...do  

...do 

...do 

...do 

...do 

Worcester.. 

...do  

Worcester . 

...do    

...do 

...do 

Middlesex  . 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

..  do 

Worcester . 

...do 

...do 

...do 

...do 

...do 

...do.. 

Middlesex  . 

.do 

.do 

.do 

.do 


Kind  of  mill  or  manufacture. 


Box.. 

Saw  . 
Box. 


Carriage  materials 

Cutlery 

Flour  and  grist 

Saw 

Musical  instruments 

Flour  and  grist 

Saw 

Woolen 

...do 

Flour  and  grist 

Paper 

Dye-woods,  etc 

Flour  and  grist 

Bolts,  nuts,  etc 

Tannery 

Mattresses,  etc 

Machinery , 

Paper 

Worsted 

Woolen 

...do 

Boots  and  shoes 

Boxes  

Saw 

Woolen 

Carriage  and  wagon  materials 

Flour  and  grist 

Boots  and  shoes 

Flour  and  grist 

Gunpowder 

Paper 

Woolen 

Cotton 

Woolen 

Fertilizers 

Flour  and  grist 

Ivory  and  bone  work 

Saw 

Wood-turning 

Cotton 

Cooperage 

Flour  and  grist 

Fertilizers 

Saw 

Machinery 

Musical  instruments 

Pencil  lead 

Shoddy 

Wheelwrighting 

Tools 

Vinegar  

Boots  and  shoes 

Combs 

Flour  antl  grist 

Saw 

Rubber  goods 

Vinegar  

Wheelwrighting 

Hosierj  

Worsted 

Woolen 

Saw ■ 

Flour  and  grist 


22 


18 

7 

10 

122 

50 

8 

4 

18 

24 

16 

34 

10 

12 

U 

10 

48 

8 

29 

8 

29 

17 

45 

9 

16 

16 

185 

15 

95 


11 
16 
22 
11 
10 
7 
12 
83 
36 
22 
16 


Feet. 

8 
30 
12 
10 
12 

20    / 
39 

6 
11 

7 

7 
84 

9 
10 
11 


52 
16 
7 
7 

105 


30 
92 
8 
50 
15 
80 

110 

6 

30 

13 

20 

290 
20 
46 

200 
80 
50 
12 
40 
35 
42 
40 

860 

(?)600 

5 

20 

16 

115 
15 
59 
45 
20 

200 
75 

640 
40 

178 
30 
70 
30 

192 
12 
25 
14 

447 
25 

205 

44 

20 

20 

40 

7 

25 

7 

6 

10 

207 
87 
50 
40 
12 

150 

380 

101 
30 
33 
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WATER-POWER  OF  THE  UNITED  STATES, 

Table  ofjiower  utilized  on  the  tributaries  of  the  Merrimack  river — Continued. 


stream. 


Stony  hroolc 

Do 

Do.. -. 

jS'ashua  ^'iver , 

Do 

Do 

Kortli  branch  of  the. 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Trihntaries  of  the  Ifl'orth  branch  of  the. 

Do 

Do 

Do 

Do 

Do 

Do ". 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

South  branch  of  the 

Do 

Do 

Do 

Do 

Do 

Tribntaries  of  the  South  branch  of  the 

Do ,....: 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  of  the 

Do 

Do 

Do 

Do 

Do ! 

Do ! 

Do i 

Do 

Do i 

Do ' 

Do 

Do I 
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Tributary  to  "what. 


ilerrimack  river. 
..  do 


do  . 
.do  . 

do. 
•  do  . 


State. 


MftBsachnsetts.-- 
...do 

....do 

Xew  Eampahire- 
Massachusetts. . . 

....do 


Nashua  river ' do  . 


...do. 
...do. 
...do  . 
...do. 
...do, 
. .  .'do  . 
...do. 
...do. 
...do. 
...do. 
..  do. 
...do. 
...do  . 
...do. 
...do  . 
-.  do  . 
...do. 
...do  . 
...do. 
...do  . 
...do. 
...do. 
...do. 
...do. 
...do. 
...do  . 
...do  . 
...do. 
...do. 
...do. 
...do. 
..  do. 
...do. 
...do. 
...do 
...do. 
...do. 
..  do  . 
...do. 
...do. 
...do. 
..do  . 
...do. 
...do  . 
...do. 
...do. 
...do. 
...do  . 
...do  . 
.do. 
-".do  ., 
-.do  .. 
..do.. 
..do.. 
..do  .. 
..do.. 
..do  .. 
..do.. 
..do.. 


..do  . 
..do  . 
.  do  . 
..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do. 
..do. 
..do  . 
-do  . 
..do. 
-do  . 
..do', 
-do. 
-.do. 
..do. 
..do. 
-.do  . 
.  do. 
-.do. 
..do. 
-.do. 
..do  . 
..do  . 
..do. 
..do  . 
.do  . 
-.do  . 
-de  . 
-do  . 
-do- 
..do  . 
..do. 
..do  - 
..do. 
•  do  . 
..do  . 
.  do. 
..do  - 
..do  . 
..do  . 
..do. 
..do. 
..do  . 

■  do  . 
.  .do  . 

■  do  . 
.do  . 

..do. 
.do  . 

do  . 

do", 
.do  . 
.do  . 
.do. 
.do  . 


County. 


Middlesex 

....do •.. 

"Worcester  — 
Hillsborough  . 

Middlesex 

...do 

....do 

.-..do  

...do 

..-.do 

...do 

.--.do 

..-.do 

....do  

...do 

...do  

...  do 

...  do  ..1 ; 

..-.do 

...do 

...do 

.-..do  

...do 

...do 

...do...:..... 

...do 

...do 

...do 

— do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

--.do 

..  do 

Worcester 

...do 

..  do 

...do 

...do 

...do 

...do 

. .  do 

...do 

...do 

...do 

.-  do..... ..■.-- 

...do 

do 

do 
Middlesex 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 
"Worcester 


Kind  of  mill  or  manufacture. 


Machinery 

Shoddy 

Leather 'board  (?) 

Cotton 

Paper .' 

Saw 

Agricultxiral  implements  . 

Woolen 

Blacksmithing 

Carpentering 

Flonr  and  grist 

riax  and  linen 

Furniture 

Leather-dressing 

Leather-board  (!) 

Saw ■ 

Shoddy  

Machinery 

Paper 

Printing  and  publishing .  - 
Sash,  doors,  and  blinds  . , . 

"Wood-pulp - 

"Wood-tuming •. 

"Woodenware 1 

Cotton 

Buttons 

Jewelry 

C  uUery  and  edge-tools 

Machinery ^... 

Carriages  and  wagons  — 

Wagon  materials 

Combs 

Saw 

Flonr  and  grist 

Furniture 

Paper 

Woolen 

Cotton 

Musical  instruments 

Cotton 

Comb 

Flour  and  grist 

Furniture 

Tannery  

Saw(?) 

Cott  on ., 

Carpet , 

Woolen 

Flonr  and  grist 

Saw 

Shoddy  

Stone-  and  earthen,  ware .  - 

Wood-tuming  . 

Cotton  . 

Baskets,  etc  . 

Machinery, 

Blacksniithing. 

Leather-bohrd  . 

Cutlery. 

Paper 

Flour  and  grist  - 

Wooden-waro ^. 

Furnishing  goods. 
Sow. 

Whcelwrighting . 
Saw  , 


3 
2 
1 
2 
1 
2 
1 
1 
1 

10 
1 
0 
7 
7 
3 
1 
1 
3 
1 
1 
1 

e 
1 


a 
1 

13 

1 

7 


Feet 
48 

7 
20 
60 
27 

8 
12 
11 

7  . 
10 
52 

8 
81 

» 


28 


11 
10 


21 
28 
30 
15 
10 
25 
11 
62 
M 
41 


SO 

33 

14 

42 

6 

19 

17 

14 

9 

205 

30 

142 

126 

132 

06 

12 

18 

47 

15 

8 

10 

77 

12 

24 

102 


.  o 
H 


14 

192 
10 


9i 
«• 
5S 

2,30« 

418 

60 

40 

40 

4 

20 

240 

60 

90 

15_ 

100 

110 

32 

78 

235 

2 

25 

75 

28 


4« 

20 
36 
31 

115. 
20 
49 

110 
06 

151 
1,039 

145 

158 
64 

886 
70 

112 
22 
25 
30 

948 
30 

586. 

to 

16S 
70 
1« 
6 

290 
10 
10 
6 

395 
10 

2]» 

Its 

4t 

S* 

414 

n 
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stream. 


Other  tributaries  of  the. 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.... 

SonLegan  river  . 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tribntariea  of  the 

Do : 

Do 

Do 

Do., 

Bo 

Do 

Cohass  river 

Piecataqnog  river  and  tributaries 

Do 

Do 

Do 

Do 

Do 

Do 

Do_ 

Do 

Do 

Do 

Do 

Do 

Snnoook  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do - 

Do 

Do 

Little  Snneook  river 

Do 

Do 

Soncook  river 

Do 


Tribntnry  to  what 


Nashua  river 

...Ao 

...clo 

...do 

Merriraack  river. . 

...do  

..  do 

..do 

...do 

...do 

..  do 

...do  

...do 

...do 

...  do 

...do    

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 

Souhegan  river  . . 

...do 

...do 

..  do 

...do 

...do 

...do 

Merrimaclc  river. . 

...do 

..  do 

...do....: , 

..do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do   

...do  

...do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do  

..  do 

...do  

Snncook  river — 

...do 

...do 

Merrimack  river  . 
...do  


State. 


Now  Hampshire. 

...do 

...  do 

...  do 

Massachusetts... 

-..<io '. 

...do 

...do 

...do 

..  do 

..  do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do  

...do 

...do 

New  Hampshire ., 

...do 

...do  

...do 

..do 

...do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

..do 

...do 

...do 

...do  

..  do 

...do 

...do 

...do 

...do  

..  do 

...do  

...do 

..  do 

...do 

...do 

...do 

...do 

..  do 

...do..., 

...do 

...do 

..do 

..do 

...do 

...do 

..  do 

...do 

..do 

...do 


County. 


Hillsborough  . 
...do 


...do 

...do  

Essex 

...do  

....do 

....do  

...do  

....do 

Suffolk , 

Middlesex 

...do 

...do 

...do , 

...  do 

...do , 

...do , 

...do 

"Worcester 

Hillsborough. 

...do  

...do 

...do  

...  do , 

...do 

...do 

...do 

...do  

...do 

....do 

...do 

...do 

...do ;.., 

...do  

...do 

...do  

...  do 

...do  

..  do 

...do , 

..  do 

...do  

...do 

...do 

..do 

...do  

..  do 

...do , 

...do 

...do 

Merrimack  . . . 
..  do , 


...do 

...do 

...do  

.-  do 

Belknap 

...do    

...do 

...do  

...do  

Merrimack  . 

...do  

Strafford..-. 
Merrimack  . 
...do 


Kind  of  mill  or  maiinlacfure. 


Furnituro 

Wheelwrighting 

Saw 

SUk 

Woolen 

Carriages  and  wagons  . . . 

Flour  and  grist 

Tannery 

Saw..'. 

Machinery 

Fonndery 

Box 

Brooms  and  brushes    

Carpentering 

Flour  and  grist 

Saw 

Shodily 

Flour  and  grain 

Saw 

..  do 

Woolen 

Cotton 

Worsted 

Agricaliural  implements. 

Flour  and  grist 

Toys  and  games 

Famiture 

Looking-glass 

Saw 

Shoddy  

Flour  and  grist 

Wood-turning 

Furniture 

Planing 

Saw 

Wooden-ware 

Stone-  and  earthen- war« . 

Woolen 

Cotton 

Boxes 

Cooperage , 

Flour  and  grist 

Furniture 

Planing 

Machinery , 

Saw 

Sash,  doors,  and  blinds 

Toys  and  games 

Wood-pulp 

Wood-turning 

Shuttle 

Cotton 

Boots  and  shoes 

Cordage 

Flour  and  grist 

Saw 

Planing ■ 

Woolen 

Agricultural  implements . . 

Boot  s  and  shoes 

Flour  and  grist 

Saw 

Floor  and  grist 

Saw 

..  do 

Washingmachines 

Wheelwrighting 


.     I 


1 
1 
8 
1 
5 
1 
1 
1 
2 
1 
1 
2 
1 
2 
4 
4 
1 
1 
4 
1 
1 
3 
1 
2 

a 
1 

3 

1 

4 

1 

6 
3 
1 
1 

u 
1 
1 
1 
1 
1 
1 

6 
1 
1 
1 
24 
1 
2 
1 
] 
1 
6 
1 
1 
5 
9 
1 
1 
1 
1 
3 
3 
2 
1 
1 
1 
1 


6: 

r 


Feet. 

12 

10 

128 

8 
70-1- 
25 
13 

8 
29 
16 
24 
31 

8 
24 
47 
53 
19 
H 
48 

9 
20 
22+ 
32 
24 
39 
18 
64 

9 
38 
17 
84 
34 
12 
10 
174 
10 
40 
42 
16 
10 

8 
50' 

7 

9 

6 
250 
13 
19 
13 
10 
10 
105 
10 

8 
61 
81 
10 

7 
10 

S 
25 
32 
20 
11 
38 


?2, 


12 
107 


43 

16 
418 

10 
295 

10 

10 
8 

65 

00 

15 

CO 
5 

22 
100 
105 

15 

10 

54 

20 

65 
734 
166 

C4 
155 

90 
163 

25 
180 

2« 
199 

31 
6 

35 
415 

10 

20 
170 

6» 

15 

22 
272 
6 
6 
3 
495 

10 

26 

167 

8 

60 
O0O± 

20 

29 
152 
208 

20 

20 

46 

10 

98 
10« 
lOS 

6« 

20 

47 

25 
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WATER-POWER  OF  THE  UNITED  STATES. 

Table  of  powir  utilized  on  the  tributaries  of  the  Merrimack  river — Continued. 


stream. 


Contoocoot  liver 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do...... 

Do : 

Do 

Do 

Do 

Do , 

Do. 

Do 

Do 

Do ;. 

Do 

Do 

Do 

Do 

Do 

Do 

Blackwater  river 

Do '.. 

Do 

Do 

Do 

Do 

Do 

Warner  river 

Do 

Do 

Do 

Do 

Do 

Do 

Nabamisit  river 

Do 

Do 

Do 

Do 

Do 

Do 4 

Do 

Do 

Do 

Other  tributaries  of  the. 
Do '.. 


Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Tributary  to  ■what. 


Merrimack  river. . 

...  do 

...  do 

...  do 

...do 

...do 

...do 

...  do  ..• 

..do 

...do 

....do 

...do 

...do 

....do 

...do 

..do 

...do 

..  do 

...do 

...do 

...do 

..  do ! 

..  do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Contoocook  river. 

...do 

...do 

...do  

...do , 

...do 

..  do 

..  do 

...do  

...do 

..  do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

..  do 

.  do 

...do 

..do 

..do 

.  do   

.  do 

..do 

..do 

..do 

..do 

..do 


State. 


New  Hampshire 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do , 

...do 

..do 

...do 

...do 

..  do 

...do 

..  do 

..  do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do....: 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

..  do 

..do 

..do 

..do 

..do 

..do 

..do 

..do , 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

.do 

..do 

..do 

..do... 

..do 

..do 

..do 


County. 


Merrimack  . 
..  do 


....do 

...do  

...do  

....do  

....do  

...  do  

....do  

....do 

...do 

...do  

...do 

...do  

....do  

Hillsborough. 

...  do  

...do  

...do 

...do 

.-.do 

...  do 

...do 

...do 

...do 

...do 

...do 

Cheshire 

...do 

...do.. 

...do 

...do 

...do 

Merrimack  . . . 

..  do 


....do 

...do 

...do 

...do 

...do..; 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Hillsborough. 
...do 
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.do. 
.do. 
.do. 
.  do. 
.do. 
.do. 
.do  . 

do  . 

do  . 

do. 

do. 
.do  . 
.do  . 
.do. 
.do  . 

do  . 
.do. 


Kind  of  mill  or  manufacture. 


Cotton 

Furniture , 

Table 

Axles 

Sash,  door,  and  blind 

Excelsior 

"Woolen 

Saw 

Flour  and  grist 

Ax.handles 

Saw -■works 

Granite-polishing 

Cooperage 

Machinery 

Paper 

Hosiery 

Woolen 

Keedles , 

Silk 

Paper 

Agricultural  implements  - 

Cutlery 

Flour  and  grist 

Scientific  instruments 

Saw 

Surgical  appliances 

Wooden -ware 

Flour  and  grist 

Saw 

Cutlery 

Wood-pulp 

Wooden-ware 

Cotton 

Hosiery 

Tannery  

Wheelwrighting 

Saw 

Blacksmithing 

Leather -board 

Flour  and  grist 

Carpentering 

Paper 

Carriage  materials 

Excelsior 

Furniture 

Flour  and  grist 

Saw 

Cotton 

Baskets,  etc 

Blacksmithisg 

'Carpentering 

Furniture 

Foundery.. 

Saw 

Paper 

Woolen 

Wood.pulp 

Blacksmithing 

Cutlery 

Excelsior 

Flonr  and  grist 

Wire.work 

Furniture 

Saw 

Wheelwrighting 

Wood.turning 


Feet. 
31 
12 
12 

7 

9 
17 
16 
74 
42 
20 
20 
20 
20 

7 
12 
15 
14 
15 
15 
18 
10 
19 
20H 
19 
53+ 

8 

7 

12 

66 

6 
18 

22 

21 

11 

12 

13 

69 

8 
15 
33 
12 
12 
19 
22 
10 
T6 
39 
72 
12 

9 

n 


9 
34 
25 
26 
30 
30 
16 


U 

108 

20 


500 
115 
25 
60 
30 

35 
225 
260 


75 
10 
100 
80 
90 
5 

8(!) 
120 
5 


20O 
58 

125 
20 
40 
25 

185 
20 

lOO 
65 

125 
25 
32 
15 

270 

8 

70 

121 
25 
60 
70 


75 

151 

288 

15 

12 

20 

50 

3 

50 

110 

25 

200 

18 

45 

12 

6 

40 

40 

251 

8 

16 
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Gl 


Tahle  of  power  vtilized  on  the  tributaries  of  the  Merriviaclc  river — Continued. 


stream. 

Tributary  to  what. 

State. 

County. 

Kind  of  mill  or  manufacture. 

B 
o 

T. 

P 

3 
3 

o 
H 

u 

o 
H 

Other  tributaries  of  the 

Contoocook  river 

...do  

New  Hampshire 

....do 

6 
6 
1 
1 
1 
1 
1 
2 
2 
1 
2 

13 
1 
1 
1 
1 
1 
1 
2 
2 

16 
1 
4 
2 
1 
1 
4 

20 
1 
1 
2 
1 
1 
2 
1 
5 
3 

10 
1 
1 
1 
4 
3 
1 
1 
1 
1 
1 
3 
4 
2 
1 
1 
2 
1 
1 
1 
8 
1 
3 
2 
1 
1 
1 

2 
1 

Feet. 

76 

87 

12 

13 

'       10" 

12 

11 

16 

42 

8 

29 

212 

26 
8 

22 
15 

17 
238 
12 
33+ 

28 
12 
34 
240 
63 
1         16 

12 

36 

220 

89 
330 
125  + 
14 
12 
30 
50 
27 
91 
12 
]3 
12 
13 
38 
38 
18 
8 
10 

10 

8 
10 
75 

8 
26 
19 
21 
28 

40+ 
42 
109 

281 

Do 

do 

Do 

....do 

...do.... 

Agricultural  implements  — 

Do. 

...do 

....do 

do 

50 

Do 

...  do 

....do  

do 

Saddlery  and  harness 

Sash,  door,  and  blind 

Spools  and  bobbins 

Do 

....do  

....do      

do 

Do 

....do  

...  do 

do 

Do 

...do  

do 

do 

82 

Do 

...do  

...,do     ..           .    .. 

....do  

do 

75 

Do 

...do  

....do   

12 

Do 

...do 

....do  

do ' 

115 

Do 

....do 

....do 

...do    

Saw- 

363 

Do 

...  do 

...do  

.  do 

Planing 

Cotton     

Do 

Merrimack 

...  do 

...do  

Hillsborough 

150 

Do 

....do  

...  do  

Silk      

Do 

..do 

do  . 

do 

Carriage  and  wagonmaterials 

10 

Do 

..  do 

...  do  

do 

185 

Do 

....do 

...do 

do 

Drugs  and  chemicals 

Files 

25 

Do 

...do  

...  do  

. .    do 

28 

Do             

...do 

....do 

do 

Do 

..  do 

....do 

....do 

Do 

....do 

....do 

....do 

Sasb,  door,  and  blind 

Do 

...do 

....do  

....do 

Do 

....do  

...  do 

....do  

Do 

...do  

...do 

....do  

Do 

....do  

....do 

10 

Do 

....do  

.,.  do 

....do  

Do 

...do  

....do 

...do 

Do 

...do  

...do 

•Woolen  

Do 

....do  

....do 

do     .. 

10 

Do...           

...do 

...do 

....do 

9 

Do       .        . 

...do 

....do 

....do 

Do       ..'... 

....do 

...do 

Do  .  ... 

...  do  

...do 

...do 

2 

Do 

....do 

...  do 

. .  do 

Do  ■ 

...do 

...do  

...do  

301 

Do 

....do  

...do 

....do 

Printing  and  publishing 

Saw 

12 

Do 

...do 

...do 

....do  

258 

Do   -  . 

...do 

....do  

....do 

20 

Do  ..     . 

...  do  

...  do 

...do 

M"fl.p.hiTifiry 

150 

Do 

....do 

...do  

Belknap 

Watch  and  clock 

4 

Do 

...do    ..      . 

....do 

....do 

Saw        .                .            .... 

120 

....do     . 

....do  

Merrimack 

180 

Do 

do  . . 

....do      ..             

..  do    

4,100(?) 
32 

Do 

...  do  . 

...  do 

do    

Sasb,  door,  and  blind 

Do 

do    . 

...  do                     

do       

10 

Do -• 

..  do 

...do 

....do  

25 

Do 

.;..do  

...  do  

20 

Do   

....do  

...do 

do 

280 

Do               

....do 

....do  

175 

Do          

...do 

...do  

do    

70{?; 

Do 

....do 

....do  .... 

do           

Do 

....do 

....do  .. 

do 

40 

Do                   

...do 

....do 

...do 

Needles 

18 

Do                    -... 

...do? 

...do  

.  do 

120 

Do                                     

...  do 

....do  .... 

do    

40 

....do  

.      do    . 

do 

100 

Do 

...do  

do 

do 

425  i 

Do                                     

....do 

...do 

do 

Shoddy  

...do 

...do    . 

do             

...do  

do  . 

do             

Saw 

135 

"Winnipiseogee  riVer . . 
...do  

...do 

.     do 

do                          

Cotton -' 

96 

Do 

...  do.... 

do              

Shoddy ' 

Saw 

20 

do 

do 

6 

Do 

Lake  "Winnipiseogee. . 
...do 

....do  

....do  

..  do 

Agricultural  implements 

Hosiery 

23 

Do 

....do 

60 

62 
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stream. 


Tributaries  of  the 

Do 

Do 

Do 

Do .'. 

Do 

Do 

Do 

Do 

Pemigewasset  river 

Do 

Smitli's  river 

Do 

Do 

Other  tribntaries  of  the . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

I    Do 

Kew  !Found  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Squam  rive^ 

Do..... 

Do..... 

Do 

Do 

Do ' 

Do 

Mad  river 

Do 

Dd 

Do 

Do 

Do 

Do , 

Baker's  liver 

Do 

Do 

Other  tributaries  of  the. . 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Tributary  to  what 


Lalie  Winnipiseogee . 

...do 

....do  

....do  

....do  

...  do  

...do 

...do. 

...do 

Merrimack  river 

....do  

Femigewaaset  nver- . 

...do 

....do 

...  do  

...do 

...do 

....do 

...do 

...do 

...do  

....do 

...do 

....do 

...do .:.. 

....do 

....do  

...do...- 

...do 

...do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

...do 

...do 

....do  

....do  

...do  

...do 

...do 

...do 

...do 

-.  do ■. 

...do 

-.do 

...do  

-.do 

...do  

--.do 

...do 

--.do  

.-.do  

,-.!do 

...do  

...do 

...do 

...do  


State. 


TSenr  Hampshire . 
...do 


..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do  .. 
..do.. 
..do.. 
..do.. 
..do  .. 
,.do.. 
..do.. 
..do  .. 
..do., 
.do.. 
..do.. 
..do., 
-do  .. 
..do., 
.do., 
.do.. 
.do.. 
.do.. 
.da.. 
.do.. 
..do.. 
..do.. 
..do.. 
..do-. 
..do-. 
..do-. 
..do.. 
..do.. 
..do.. 

do.. 
■  do., 
.do., 
.do. 

do.. 

do  .. 
.do.- 
.do.. 
.do  .  - 
.do  .  - 
.do., 
.do.. 

do., 
.do., 
.do.. 

do-, 
.do., 
.do., 
.do-, 
-do.. 


County. 


Belknap  . . . 

...do 

....do 

...do 

...do  

Carroll 

....do 

...do 

...do 

Grafton 

...do 

Merrimack. 

...do 

Grafton 

Merrimack.. 

...do T. 

...do 

...do 

...do  

...do 

...do  

...do 

Grafton 

...do 

...do 

...do  ....... 

...do  

...do 

— 4o 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do  

...do 

...do  

...do 

...do  

...do 

...do  

...do  

...do  

...do  

...do  

...do  

...do  

...do  

...do  

...do  

..  do 

...do 

Carroll 

...do 


.Kind  of  mill  or  mantifactore. 


Carpentering 

Tannery 

Musical  instruments... 

Flour  and  grist 

Saw 

Fnrnittire 

Flour  and  grist , 

Saw 

"Woolen .* 

Excelsior , 

Tannery 

Flour  and  grist 

Saw 

....do  

Surgical  appliances 

Carriages  and  wagons  . 

Fonndery _. 

Flour  and  grist 

Tannery  

Saw 

Ifeedlcs  and  pins 

Hosiery 

Clothing 

Wheelwrighting 

Woolen 

Paper 

Carpentering 

Flour  and  grist 

Blacksmithing 

'Wood-turning- . .". 

Carriages  and  wagons. . 

Gloves 

Tanneries 

Machinery 

Straw.board 

Wood.pnlp 

Saw : 

Machinery 

Paper .•' 

Flonr  and  grist 

Tannery 

Leather -board 

Woolen 

Saw 

Blacksmithing .  - 

Furniture 

■Woolen 

Sash,  door,  and  blind.  -  - 

Wood-turning 

Saw 

Flour  and  grisf 

Planing 

Saw 

Hour  and  grist 

Caipentering 

Gloves  and  mittens  — 

Wooden  handles 

Saw 

Veneering 

Tannerie.s 

Flour  and  grist 

Saw 

Flour  and  grist 


1 

O 
U 

to 


1 
1 
1 

2 

a 

1 

2 
5 
1 
1 
1 
1 
3 
3 
1 
1 
1 
3 
1 
5 
1 
2 
1 
1 
1 
3 


3 

2 

33 

1 


Feet. 
42 
16 
42 
62 
54 
14 
32 
59 
251 
18 
18 
10 
34 
101 
10 
15 
20 
61 
12 
61 
15 
21 
16 
11 
16 
46 

30 

12 

16 

12 

IS 

38 
8 

1^ 

22 

12 

12 

33 

13 

14 

26 

15 

15 
9 

14 

11 

14 

14 

11 

14 
8 

42 

18 

10 

27 

S5 
575 

18 

30+ 
115 

26 

30 


o  . 

g  - 


30 
20 
30 
60 
99 
40 
100 
213 
36 
50 

24 

120 

85 

8 

10 

20 

64 

9 

185 

6 

35 

6 

11 

30 

297 

30 

130 

15 

86 

50 

76 

160 

2 

200 
60 
60 

210 
40 
45 
80 
50 

3S 
40 
34 
65 
40 
30 
40 
20 

173 
60 
20 
55 
45 

010 
20 
49 

18S 
60. 
40 
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IV.— THE  COAST  STREAMS   OF  NEW    HAMPSHIRE. 

ifcue  of  the  streams  which  flow  into  the  Atlantic  between  the  Merrimack  and  the  Piscataqua  are  of  anj 
importance  as  sources  of  power,  being  all  very  small,  and  lying  in  the  flat  eastern  district,  subject  to  grea 
▼ariations  in  flow,  and  with  very  little  fall.  The  Piscataqua,  which  is  formed  by  Ihe  union  of  the  Cocheco  and  th( 
Salmon  Palls  rivers,  forms  for  its  entire  length  the  boundary  between  the  states  of  Maine  and  New  Hampshire,  anc 
is  tidal  and  navigable  for  its  entire  length,  which  is  only  11  miles.  About  7  miles  from  its  mouth  it  receive! 
the  waters  of  Great  bay,  a  wide  tidal  basin  covering  about  9  square  miles,  and  receiving  the  waters  of  severa 
ri\ers,  whose  drainage  basins  are  contiguous  to  that  of  the  Merrimack.  The  total  area  in  New  Hampshire  draining 
into  the  Atlantic,  either  through  the  Piscataqua  or,  directly,  by  some  of  the  small  streams  between  Great  bay  anc 
the  coast,  is  about  825  square  miles,  (a)  The  total  area  drained  by  the  Piscataqua  in  Maine  and  New  Hampshin 
is  about  550  square  miles,  (b)  It  comprises  a  region  for  the  most  part  level,  about  one-third  covered  with  forest,  {b 
crossed  by  numerous  railroads,  and  showing  a  few  considerable  water-powers.  The  tributaries  of  the  Piscataquj 
will  be  described  in  their  order,  commencing  at  the  south. 

THE  EXETER  RIVER. 

The  Exeter  river  takes  its  rise  in  the  eastern  part  of  Rockingham  county,  and  pursues  a  general  easterly  courS( 
for  about  17  miles,  measured  in  a  straight  line,  flowing  then  nearly  north  for  about  6  miles,  passing  the  town  o 
Exeter,  and  emptying  into  Great  bay.  The  head  of  tide  and  of  navigation  is  Exeter,  where  the  tide  rises  4  or  5  feet 
and  up  to  which  place  boats  of  80  tons  ascend.  The  stream  is  separated  from  the  Merrimack  by  a  comparativel; 
jow  water-shed,  and  drains  a  total  area  of  about  113  square  miles,  above  Exeter,  comprising  a  flat  country,  wit! 
scarcely  any  lakes  or  reservoirs,  though  there  are,  ho  doubt,  facilities  for  storage.  Its  basin  is  very  full  of  drift 
The  stream  is  narrow  and  very  crooked,  the  bed  is  generally  clay,  sand,  or  gravel,  and  the  banks  are  generally  higl 
enough  to  prevent  overflow.  PhiUips  pond,  at  the  head  of  the  stream,  covers  about  160  acres,  and  is  215  fee 
above  the  sea ;  and  as  the  stream  is  probably  40  or  60  miles  long,  if  all  its  windings  are  followed,  its  deelivity  i 
probably  not  over  4  or  5  feet  per  mile.  Its  flow  is  so  variably,  being  almost  nothing  in  the  summer-time,  that  th^ 
stream  is  of  little  value  as  a  source  of  power. 

The  first  power  is  at  Exeter,  where  a  wooden  dam  11  feet  high  ponds  the  water  for  5  or  6  miles,  and,  with  a  rao 
of  800  feet  in  length,  affords  a  fall  at  low  water  of  21  feet,  and  at  high  water  of  17  feet,  at  the  cotton-mill  of  the  Exete 
Manufacturing  Company.  A  power  of  250  horse-power  is  used  during  eight  months,  while  during  the  remainini 
four  months  the  power  is  very  small,  there  being  sometimes,  for  several  weeks  at  a  time,  only  enough  water  foic  th 
boilers.  Steam-power  is  used  to  the  extent  of  300  horse-power.  Nine  miles  above  this  point,  by  the  course  of  th 
river,  is  a  grist-mill,  with  a  fall  of  12  feet.  Above  that  is  an  unutilized  privilege,  with  a  fall  of  10  feet,  once  use< 
by  a  paper-mill;  but  it  is  only  good  during  about  eight  months  of  the  year.  Still  farther  up,  but  only  a  mile  or  & 
above  the  grist-mill,  is  a  second  unutilized  privilege,  known  as  the  "Pickpocket"  site,  abandoned  two  years  ag 
because  the  power  was  so  small.  The  fall  is  11  feet,  and  it  was  occupied  by  a  paper-mill.  Above  this  are  a  numbe 
of  other  small  powers,  not  worthy  of  special  mention  ;  they  are  of  some  value  during  about  eight  months  of  the  year 
but  during  the  rest  of  the  time  the  power  is  not  worth  utilizing. 

THE  LAMPREY  RIVER. 

The  Lamprey  river,  the  next  tributary  of  Great  bay,  resembles  in  general  character  the  Exeter,  except  that  i 
is  more  favorably  circumstanced  as  regards  storage.  Rising  in  the  northwestern  part  of  Rockingham  county,  i 
pursues  a  devious  course,  and  empties  into  Great  bay  at  a  point  about  18  miles  from  its  source,  in  a  direction  ) 
little  south  of  east.  It  is  navigable  and  tidal  as  far  as  the  town  of  Newmarket,  about  14  miles  from  Portsmouth 
the  rise  of  the  tides  being  about  4  feet.  At  this  place  are  situated  the  mills  of  the  Newmarket  Manufacturini 
Company,  where,  with  a  wooden  dam  20  feet  high  and  115  feet  long,  founded  on  a  ledge,  and  backing  the  wate: 
about  2  miles,  a  fall  of  from  22  to  26  feet  is  utilized,  according  to  the  state  of  the  tide.  A  short  rectangular  caua 
extends  on  either  side  of  the  river  to  the  mills,  and  the  power  used  is  400  horse-power,  which  can,  however,  onl.i 
be  obtained  during  about  six  months.  Like  the  Exeter,  the  stream  is  very  variable  in  flow,  and  in  the  summej 
time  it  almost  dries  up,  notwithstanding  the  artifical  storage.  After  the  reservoirs  are  emptied,  the  natural  flow  o 
the  stream,  in  dry  seasons,  would  not  aftbrd  over  50  horsepower  during  working  hours.  The  mills  use,  in  all,  1,00( 
horse-power  in  steam-power,  part  of  which  is  running  all  the  time.  The  reservoirs  referred  to,  and  which  art 
controlled  by  the  Newmarket  Company,  are  two  in  number,  viz,  Mendam's  pond  and  Pawtuccaway  pond.    T1i( 

a  Geology  of  New  Hampshire,  Vol.%  p.  313.  bVfA\%:  Water  Pov=er  of  MaxM.    ^^^ 
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former  covers  250  acres  when  full,  and  is  clammed  to  a  height  of  28  feet,  all  of  which  can  be  drawn  ojBf.  The  water- 
shed of  the  pond,  however,  is  small,  and  it  is  seldom  full.  Pawtuccaway  pond  covers  some  3,000  acres  when  full, 
and  has  two  outlets,  both  of  which  are  dammed  by  stone  dams,  one  20  feet  high,  from  which  an  outlet  runs  south, 
entering  the  Lamprey  at  West  Epping,  and  the  other  10  feet  high,  from  which  an  outlet  flows  east,  entering  the 
Lamprey  below  Epping.  Before  a  depth  of  10  feet  is  drawn  from  the  pond,  it  divides  into  two.  These  ponds  are 
the  ouly  ones  in  the  basin  which  are  of  any  importance,  but  the  facilities  for  storage  are  tolerably  good,  and  others 
could  be  made,  if  necessary.    Joues'  pond,  in  Raymond,  covers  about  160  acres,  and  is  258  feet  above  the  sea. 

The  total  area  drained  by  the  Lamprey  above  Newmarket  measures  about  210  square  miles.  Above  that  place 
there  are  no  powers  of  much  importance.  The  first  is  an  unimproved  power,  known  as  Packerd's  falls,  belongiug  to 
the  Newmarket  Company,  and  situated  just  at  the  head  of  its  pond,  with  an  available  fall  of  20  feet  and  a  power  of 
probably  350  horse-power  net  during  about  six  months ;  then  a  paper-mill,  with  a  fall  of  10  feet;  then  an  unutilized 
site  known  as  Long  falls,  5  miles  above  Newmarket,  with  a  fall  of  some  6  feet;  then  a  saw-  and  grist-mill,  with  a  fall 
of  10  feet  or  so,  just  below  where  the  outlet  of  Mendam's  pond  comes  in.  Above  this  are  various  small  mills  not 
worthy  of  special  mention. 

THE  OTSTEE  EIVER. 

This,  the  next  tributary  of  Great  bay,  is  not  worth  describing.  It  is  a  very  small  stream,  tidal  to  Durham, 
where  there  is  a  saw-mill,  and  with  one  small  pond  tributary  to  it  called  Wheelwright's  pond,  covering  about  250 
acres,  and  lying  at  an  elevation  of  131  feet  above  the  sea. 

THE  BELLAMY  EIVER. 

This,  the  only  remaining  tributary  of  Great  bay,  is  a  small  stream,  but  quite  a  good  one  for  power.  The 
principal  site  is  at  the  head  of  tide,  near  Dover,  where  are  situated  Sawyer's  woolen-mills,  with  three  dams  in 
succession.  The  lowest  attbrds  a  fall  of  20  feet,  with  80  horse-power ;  the  next  two  a  fall  of  12  feet  each,  with  50 
horse-power.  These  amounts  of  power  may  be  secured  during  the  entire  year.  A  reservoir  in  Barrington,  called 
Dodge's  pond,  covering  445  acres,  and  dammed  to  a  height  of  13  feet,  serves  to  hold  considerable  water  in  store. 
At  Sawyer's  mills  alj  the  water  is  held  except  during  about  two  months  of  the  year,  when  water  funs  over  the  dam. 
At  the  head  of  Sawyer's  pond  is  a  grist-mill,  and  nearly  3  miles  above  an  unutilized  site,  where  the  available  fall  is 
said  to  be  20  feet.  The  stream  is  rather  sluggish  and  affords  little  power  above  this.  One  other  pond,  known  as 
Swain's  pond,  covers  about  160  acres.  , 

THE  COCHEOO  EIVER. 

The  Oocheco  river,  which,  with  the  Salmon  Palls, forms  the  Piscataqua,  takes  its  rise  in  the  extreme  northern  part 
of  Strafford  county,  near  Merrymeeting  lake,  from  which  it  is  separated  by  a  divide  only  about  70  feet  above  the 
surface  of  lake  Winnipiseogee.  It  flows  in  a  southeasterly  direction  by  the  towns  of  Parmington,  Rochester,  Gonic, 
and  Dover,  its  total  length  in  a  straight  line  being  about  25  miles,  and  its  drainage  area  above  Dover,  which  is  the 
head  of  tide  and  of  navigation,  about  183  square  miles.  Its  drainage  basin  is  not  very  well  wooded,  and  comprises 
a  considerable  extent  of  flat  and  sandy  country,  through  which  the  river  flows  with  a  sluggish  current.  Abrupt 
descents  over  ledges  of  rock  interrupt  its  course  at  places,  however,  affording  some  good  powers.  The  fall  of  the 
stream  is  very  rapid  above  Parmington,  being  said  to  be  nearly  200  feet  in  3  miles.  As  soon  as  the  river  reaches, 
however,  the  flat  and  sandy  plain  on  which  Rochester  is  situated,  its  current  becomes  sluggish,  until,  at  Rochester, 
it  descends  suddenly  over  a  rocky  ledge,  to  fall  again  at  Gonic  and  Dover.  The  banks  of  the  stream  are  generally 
firm  and  high,  and  very  few  areas  are  subject  to  overflow,  though  the  freshets  are  quite  severe.  The  flow,  however, 
is  by  far  more  constant  than  that  of  the  streams  thus  far  described,  so  that  the  stream  is  much  better  adapted  for 
power.    It  is  more  extensively  reservoired,  too,  there  being  the  following  ponds  on  thQ  stream  and  its  tributaries: 

1.  Bow  pond,  on  the  Isinglass  river,  in  Strafford,  lying  at  an  elevation  of  515  feet  above  the  sea,  and  covering 
about  1,000  acres.    It  is  dammed  to  a  height  of  20«feet,  all  of  which  can  be  drawn  off. 

2.  Ayer's  pond,  in  Barrington,  also  tributary  to  the  Isinglass,  covering  about  380  acres,  and  dammed  to  a  height 
of  12  feet. 

3.  Nippo  pond,  in  Barrington,  covering  about  125  acres,  and  dammed  to  a  height  of  6  feet. 

4.  Round  and  Long  ponds,  tributary  to  the  Isinglass,  apd  covering  each  about  125  acres,  neither  being  dammed. 

5.  Reservoir  in  Middleton,  covering  about  300  acres,  and  dammed  to  a  height  of  18  feet,  16  feet  of  which  can 
be  drawn  off. 

6.  New  Durham  reservoir,  or  Marsh's  ponds,  comprising  two  ponds,  with,  together,  about  150  acres,  dammed  to 
a  height  of  12  feet,  of  which  11  may  be  drawn'off. 

7.  Coldrain  pond,  covering  40  acres,  and  not  controlle4. 

The  stream  is  very  easily  accessible,  being  followed  by  a  railroad  for  its  entire  length. 

The  first  power  is  at  Dover,  at  the  head  of  tide.  A  stone  dam  15  feet  high  and  130  feet  long  ponds  the  water 
for  2  miles,  and  affords  a  fall  of  36  feet,  with  scarcely  any  race,  at  the  cotton-mills  of  the  Cocheco  Manufacturing 
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Compauy.  The  bed  of  the  stream  is  soUtl  rock.  The  power  used  is  about  1,000  horse-power  uet,  but  this  can  only 
be  obtained  during  about  nine  mouths  of  the  year,  steaui  being  iu  reserve  to  the  extcuit  of  800  horse-power.  In  the 
summer  time  there  is  no  waste  whatever,  even  at  night.  The  company  controls  l5ow  pond,  Ayer's  pond,  and  Nippo 
pond,  and  also  has  two  dams  on  the  river  below  the  mouth  of  the  Isinglass,  which  serve  simply  to  regulate  the  flow, 
being  opened  every  morning  and  closed  every  night.     One  of  these  dams  is  lli  feet  high  and  the  other  5  feet. 

The  only  other  power  below  the  mouth  of  the  Isinglass  river  is  that  used  by  a  small  grist-  or  saw-mill.  About 
2  or  3  miles  below "Eochester,  and  a  short  distance  below  Gonic,  is  a  fall  not  used,  amounting,  it  is  said,  to  over  8 
feet.  A  little  abo^'e  is  a  saw-mill  with  a  fall  of  15  feet,  capable  of  being  increased  to  19  or  20  feet,  it  is  said,  by 
raising  the  dam.  At  Gonic  a  fall  of  19J  feet,  with  120  horsepower,  is  used  by  the  woolen-mill  of  the  Gonic 
Manufacturing  Company,  with  a  wooden  dam  9  feet  high.  This  power  can  be  obtained  all  the  time  by  storing  the 
water  at  night,  so  that  if  we  take  the  minimum  power  of  the  stream  in  twenty-four  hours  at  4  horse-i)Ower  per  foot 
fall,  its  minimum  flow  is  about  35  cubic  feet  per  second,  or  0.39  cubic  feet  per  second  per  square  mile,  the  drainage 
area  being  90  square  miles. 

The  next  power  above  is  at  Eochester,  where  there  are  three  dams.  The  lowest  supplies  a  saw-  and  grist-mill, 
with  a  fall  of  9  feet.  The  next  supplies  one  of  the  woolen-mills  of  the  Norway  Plains  Manufacturing  Company, 
with  a  fall  of  18  feet  on  one  wheel,  15  feet  on  another,  and  23  feet  on  another,  the  total  power  being  about  275 
horse-power.  Some  steam  is  in  reserve,  as  full  capacity  can  only  be  secured  during  eight  months.  The  upper  dam 
supplies  another  mill  of  the  same  company,  the  fall  being  8  feet,  and  60  horse-power  being  used.  The  bed  of  the 
stream  at  this  place  is  solid  rock,  and  the  facilities  for  the  use  of  power  good.  The  Norway  Plains  Company  control* 
the  reservoirs  at  Middleton  and  New  Durham. 

Above  E6chester  there  are  no  mills  of  importance  on  the  stream.  At  Farmiugton  there  are  a  couple  of  mills 
with  quite  large  falls,  and  above  that  place,  on  the  two  headwaters  of  the  Cocheco,  the  Ela  and  Walden,  there  is 
considerable  fall,  but  little  power,  probably  none  worth  developing  except  for  local  mills. 

The  principal  tributarj^  of  the  Cocheco  is  the  Isinglass  river,  which  comes  in  about  3  miles  below  Eochester, 
and  on  which  are  the  reservoirs  of  the  Cocheco  Manufacturing  Company.  The  stream,  however,  is  of  small  value 
for  power,  being  an  insignificant  stream,  and  its  flow  being  controlled  by  the  above-named  company.  It  has  a  few 
small  powers. 

SALMON  FALLS  EIVEE. 

This  river,  which,  with  the  Cocheco,  forms  the  Piscataqua,  takes  its  rise  in  Great  East  pond,  which  lies  i^artly 
in  Maine  and  partly  in  New  Hampshire,  at  an  elevation  of  about  499  feet  above  the  sea.  Thence  the  river  pursues 
a  course  in  a  southerly  and  southeasterly  direction,  forming  for  its  entire  length  the  boundary  between  the  two 
states,  and  flowing  by  the  towns  of  Milton,  East  Eochester,  Great  Falls,  Salmon  Falls,  and  South  Berwick.  Its 
total  length,  from  its  source  to  its  junction  with  the  Cocheco,  is  28  miles  in  a  straight  line,  and  its  drainage  area 
J  measures  about  334  square  miles,  of  which  215  lie  in  New  Hampshire  and  119  in  Maine.  The  stream  is  navigable 
to  the  head  of  tide-water,  at  South  Berwick,  Maine,  at  which  place  the  first  power  on  the  stream  is  situated.  The 
drainage  basin  is  similar  in  character  to  that  of  the  Cocheco,  except  that  it  is  probably  rather  more  hilly  and 
broken ;  not  one-third  of  the  basin  is  wooded.  The  bed  of  the  stream  is  often  solid  rock,  alternating  with  gravel, 
sand,  and  clay.  The  banks  are  generally  high,  and  only  small  areas  are  overflowed  in  freshets.  The  fall  is  very 
considerable,  and  is  broken  by  the  ledges  of  rock  into  cataracts  and  rapids,  affording  excellent  water-powers,  many 
of  which  are  improved.  The  stream  is  quite  well  reservoired,  and  its  flow  more  constant  than  that  of  any  stream 
in  the  basin  we  are  considering.  During  the  past  few  years  extensive  imi)rovements  have  been  made  in  the 
reservoirs  on  the  upper  waters,  by  which  the  power  below  has  been  greatly  improved.  The  freshets  are  not  violent 
enough  to  cause  any  trouble  or  damage.  The  principal  lakes  and  reservoirs  on  the  stream  and  its  tributaries  are 
the  following,  the  areas  being  given  for  full  pond  : 

1.  Great  East  pond,  at  the  head  of  the  stream,  covering  1,817  acres,  and  lying  at  a  height  of  499  feet  above 
the  sea.     It  is  dammed  to  a  height  of  21  feet,  nearly  all  of  which  may  be  drawn  off'. 

2.  Horn  i)ond,  into  which  the  stream  flows  after  leaving  Great  East  pond,  covers  224  acres,  and  is  dammed  so 
that  a  depth  of  6  feet  may  be  drawn  off.     Its  elevation  is  about  478  feet  above  the  sea. 

3.  Garvin's  pond,  tributary  to  Horn  i)ond,  covers  285  acres,  and  is  not  dammed. 

4.  Milton  Three  ponds,  comprising  South  pond,  with  an  area  of  390  acres ;  North  pond,  with  180  acres,  and 
Northeast  pond,  with  920  acres,  making  in  all  1,490  acres.  The  lowest  of  these  ponds,  which  are  all  connected  with 
each  other,  is  dammed  to  a  height  of  16  feet,  so  that  this  depth  may  be  drawn  from  nearly  the  whole  area.  These 
ponds  are  on  the  main  stream,  9  miles  from  Great  East  pond,  and  their  elevation  above  the  sea  is  400  feet. 

5.  Cook's  pond,  covering  272  acres,  from  which  12  feet  may  be  drawn,  situated  on  Branch  river,  a  tributary  of 
the  main  .stream. 

6.  Lovell's  pond,  covering  581  acres,  from  which  16  feet  may  be  drawn,  lying  on  the  same  stream. 

7.  Gate's  pond,  covering  300  acres,  from  which  6  feet  may  be  drawn,  also  on  Branch  river.  This  pond  is 
entirely  artificial.  ,  113 
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Besides  these  ponds,  there  are  other  smaller  ones.  The  total  number  of  ponds  in  the  basin  of  the  Piscataqua, 
according  to  Wells,  is  22,  covering  a  total  area  of  16  square  miles,  or  one  thirty-fourth  of  the  area  of  the  basin. 
The  facilities  for  storage  in  the 'basin  are  remarkably  good,  and  numerous  sites  could  no  doubt  be  found  fer 
additional  reservoirs,  should  they  be  desired.  All  of  the  ponds  named  above  are  controlled  by  the  G-reat  Falls 
Manufacturing  Company,  of  Great  Falls,  Kew  Hampshire. 

The  fall  of  the  stream  may  be  seen  approximately  from  the  following  table: 

Declivity  of  Salmon  Falls  river. 


Place. 


Month 

Grreat  Falls,  top  of  dam 

East  Bocbester 

Three  ponds,  Milton 

Horn  pond,  Wakefield 

Great  East  pond,  Wakefield  . 


Dis- 
tance 

from 
month. 


Elevation 
above 
tide. 


Miles. 
0 


12 
19 
27 
28 


Dis- 
tance 
between 
points. 


Feet. 
0 

a  166 

a200± 

a  400 

478 

a  499 


Miles. 


Tall  be- 
tween 
points. 


Feet. 

166 
34 

200 
78 
21 


Fall  per 

mile  DO- 

tween 

points. 


Feet. 

27.7 
5.7 

28.6 
9.7 
2.1 


a  Geology  of  New  Sampshire,  Vol.  I,  p.  313. 

The  average  fall  of  the  stream  is,  therefore,  nearly  18  feet  per  mile,  a  very  large  fall.  This,  together  with  the- 
constancy  of  the  flow  (a  rise  of  3  feet  in  the  spring  freshets  being  an  unusual  occurrence),  makes  the  stream  an 
excellent  one  for  power.  It  offers  a  good  example  of  what  may  be  done  by  careful  and  scientific  improvement  of 
the  natural  advantages.  The  maximum  power  available  with  storage  is  probably  approached  more  nearly  in  the 
case  of  this  stream  than  in  that  of  any  stream  of  equal  size  which  we  have  yet  discussed,  on  the  Atlantic  slope, 
excepting  the  Winnipiseogee  river.  The  rainfall  over  the  basin  is  about  44  inches,  very  evenly  distributed  through 
the  year.    The  stream  is  accessible  at  all  points,  being  nowhere  more  than  a  few  miles  from  a  railroad. 

The  first  power,  as  the  stream  is  ascended,  is  at  South  Berwick,  Maine,  at  the  head  of  tide,  at  what  is  known 
as  "  Quamphegan  falls  ".  A  timber  dam,  about  14  feet  high  and  about  250  feet  long,  founded  on  solid  ledge,  and 
built  in  1861  at  a  cost  of  $5,000,  backs  the  water  a  mile,  and  affords,  with  a  penstock  several  hundred  feet  in  length, 
a  fall  of  18  feet  at  high  ti.de  at  the  Portsmouth  Company's  cotton-mill.  The  power  used  is  stated  at  158  horse- 
power, which  can  always  be  obtained,  no  steam-power  being  necessary.  Water  always  wastes  during  the  day-time, 
when  the  large  mills  above  are  running,  but  during  the  night-time  there  is  scarcely  any  waste.  The  power  here 
might  probably  be  increased  to  500  or  600  horse-power  at  all  times  during  working  hours. 

One  mile  above  are  the  two  dams  of  the  Salmon  Falls  Manufacturing  Company,  at  Salmon  Falls,  New  Hampshire. 
The  upper  is  of  wood,  9  J  feet  high,  and  about  300  feet  along,  and  ponds  the  water  about  2J  miles.  A  canal  200  feet 
long,  16  feet  wide,  and  12  feet  deep  leads  to  mill  No.  2,  where  the  fall  is  20  feet,  and  the  power  used  500  horse-power 
net,  which  can  be  obtained  at  all  times.  The  lower  dam  is  9  feet  high,  and  from  it  a  canal  350  feet  long,  16  feet 
wide,  and  10  feet  deep  leads  to  mill  No.  1,  where  the  fall  is  24  feet  and  the  power  500  horse-power.  There  is  said  to 
be  always  a  waste  of  water  over  these  dams  during  the  day-time,  so  that  the  power  could  perhaps  be  increased  to 
some  extent.    No  steam-power  is  used. 

The  next  power  is  2|  miles  above  and  1  mile  below  Great  Falls.  The  dam  is  a  rough  stone  dam,  26  feet  high, 
and  ponding  the  water  about  a  mile.  The  fall  is  30  feet,  with  no  canal,  and  it  is  said  that  by  carrying  a  canal  a  few 
hundred  feet  down-stream  it  might  be  increased  to  34  feet.  The  power  is  owned  by  the  Great  Falls  Manufacturing 
Company,  and  leased  to  parties  running  a  woolen-mill,  and  using  a  small  amount  of  power,  with  always  a  waste  of 
water.  The  site  is  a  fine  one,  and  the  power  could  probably  be  increased  to  about  1,000  horse-pewer  during  working 
hours,  judging  from  that  used  at  the  next  privilege  above. 

The  next  power  is  the  most  important  one  on  the  river,  and  is  occupied  by  the  Great  Falls  Manufacturing 
Company,  at  Great  Falls,  New  Hampshire.  There  are  two  dams  :  The  upper,  built  of  cut-stone  in  cement,  founded 
on  ledge,  and  built  in  1872  at  a  cost  of  $13,000,  is  about  6  feet  high  and  375  feet  long.  It  ponds  the  water  2  miles, 
with  an  average  width  of  125  feet,  and  from  it  a  rectangular  canal  2,000  feet  long,  36  feet  wide,  and  7  feet  deep 
leads  to  the  mills.  The  fall  is  31  feet,  and  the  power  used  is  600  horse-power  at  mill  No.  1,  and  800  horse-power  at 
mill  No.  2,  besides  50  horse-power  at  a  grist-mill  and  spool  factory.  This  power,  however,  cannot  be  obtained  all 
the  time,  and  in  mill  No.  1  there  is  steam-power  to  the  extent  of  440  horse-power  in  reserve.  The  second  dam 
is  of  rough  stone  without  cement,  with  a  vertical  face,  and  is  about  24  feet  high  and  140  feet  long.  It  is  founded 
on  a  ledge,  and  was  rebuilt  in  1845.  It  ponds  the  water  nearly  up  to  the  upper  dam.  A  canal  600  feet  long, 
rectangular  in  section,  24  feet  wide  and  11  feet  deep,  carries  the  water  to  mill  No.  3  and  to  the  bleachery,  the  fall 
being  31  feet,  and  the  power  900  horse-power  at  the  mill  and  175  at  the  bleachery.  No  steam-power  is  used  in 
these  mills,  .but  full  capacity  can  generally  be  obtained  all  the  time,  by  drawing  on  the  pond,  so  that  there  is  no 
waste  at  all  except  at  high  water.    Less  than  one-eighth  of  the  basin  above  this  point  is  wooded. 
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Two  miles  above  Great  Falls  the  Great  Palls  Company  has  a  reservoir  known  as  Mast  Point  pond,  formed  by 
damming  the  main  stream  by  a  wooden  dam  7  feet  high,  which  ponds  the  water  about  4  miles,  with  an  average 
width  of  perhaps  100  feet.  It  is  not  used  for  power,  but  for  regulating  the  flow,  and  holds  one  day's  storage.  The 
water  can  be  entirely  drawn  out,  and  the  gates  are  shut  every  night  and  opened  every  morning,  so  that  no  water  is 
wasted  during  the  night. 

Two  miles  below  East  Rochester  there  is  a  fall  not  used,  known  as  Stair's  falls,  but  since  the  construction  of 
the  Mast  Point  dam  it  is  said  that  the  fall  is  small,  not  over  5  feet. 

At  Bast  Eochester  is  the  next  improved  power  on  the  river,  that  of  the  Cocheco  Woolen  Manufacturing 
Company.  The  dam  is  of  wood,  lOJ  feet  high,  founded  on  ledge,  ponding  the  water  only  about  1,400  feet,  to  the 
dam  above.  The  fall  used  is  lOJ  feet  at  mill  No.  3,  situated  at  the  dam,  and  using  50  horse-power,  while  at  mills 
No.  1  and  No.  2,  to  which  the  water  is  led  by  a  canal  700  feet  long  and  20  feet  wide,  the  fall  is  16|^  feet  and  the 
power  some  150  (!)  horse-power.  Full  capacity  can  be  secured  at  all  times  excepting  sometimes  on  Saturday,  when 
the  Great  Falls  Company  shut  the  reservoirs  above,  in  which  case  mill  No.  3  is  run  by  steam.  Water  generally 
runs  over  the  dam  day  and  night. 

At  the  head  of  the  pond  last  mentioned  is  a  second  privilege  owned  by  the  same  company,  with  a  wooden  dam 
8  feet  high,  ponding  the  water  2  miles,  and  affording  power  for  a  saw-  and  gristmill,  with  a  fall  of  8  feet.  The 
further  development  of  this  power  is  talked  of. 

A  short  clistance  above  this  privilege  is  the  site  of  a  woolen-mill  which  was  burned  in  1882.  The  fall  was  8 
feet,  with  a  canal  a  third  of  a  mile  long. 

The  next  power  is  a  saw-  and  grist-mill,  IJ  mile  below  Milton,  the  fall  being  11  feet,  with  a  dam  8  feet  high. 
Between  this  power  and  the  one  below  there  is  said  to  be  a  small  fall  once  used,  but  now  idle.  It  is  probably  of 
no  importance. 

Between  the  last  power  and  Milton  Three  ponds  is  the  largest  fall  on  the  river,  amounting  probably  to  not  less 
than  120  feet  in  IJ  mile,  and  some  200  feet  in  3  miles.  («)  •  The  fall  is  continuous,  over  ledges  of  solid  rock,  the 
banks  being  also  very  rocky  and  sometimes  steep.  This  entire  fall  is  controlled  by  the  Great  Falls  Manufacturing 
Company,  and  is  only  utilized  by  a  small  mill  at  the  outlet  of  the  ponds.  Of  this  large  fall  a  considerable  portion 
could  be  utilized,  though  it  is  impossible  to  say  how  much.  As  regards  building  dams,  no  difficulty  would  be 
experienced,  but  it  might  sometimes  be  difficult  to  find  good  locations  for  mills  and  canals,  on  account  of  the 
roughness  of  the  banks.  At  the  "  flume"  there  is  a  fall  of  about  15  feet  in  100  feet,  the  width  of  the  stream  being 
very  small ;  and  above  it  there  is  an  equal  fall  in  as  short  a  distance.  A  short  distance  above,  the  Great  Falls 
company  has  erected  a  dam  and  a  mill,  the  dam  being  of  wood,  about  16  feet  high,  and  only  about  30  or  40  feet 
long,  between  clift's  of  rock.  The  mill  has  never  been  used,  and  no  wheel  has  been  put  in.  The  fall  is  16  feet. 
Above  the  dam  there  is  a  fall  of  15  feet,  or  thereabout,  to  the  foot  of  the  dam  at  the  outlet  of  the  ponds,  which  is  16 
feet  high.  The  fall  here  is  used  by  a  small  excelsior-mill  a  short  distance  below  the  dam,  using  a  fall  of  14  feet 
when  the  ponds  are  full,  with  about  25  horse-power,  and  only  running  about  ten  months. 

Any  estimate  of  the  power  available  at  this  place  is  very  uncertain,  because  it  depends  entirely  upon  the 
manner  in  which  the  reservoirs  are  operated  by  the  Great  Falls  Company.  To  judge  from  the  amount  of  power 
used  below,  I  should  say  that  a  power  of  12  horse-power  per  foot  fall  could  be  depended  upon  at  all  times,  if  it 
could  be  all  used  during  working  hours.  The  reservoirs,  however,  are  often  closed  on  Saturday,  so  that  they  may 
partly  fill  up,  and  the  supply  is  drawn  from  Mast  Point  pond  during  that  day,  the  reservoirs  being  opened  again 
on  Monday  morning.  If  mills  should  be  located,  therefore,  on  this  fall,  they  might  not  be  able  to  run  on  Saturday, 
while  at  other  times  the  supply  of  water  would  be  excessive.  Similar  disadvantages  are  always  experienced  by 
mills  located  near  reservoirs  which  are  controlled  in  the  interest  of  mills  situated  far  below.  Not  only  would  there 
probably  be  a  lack  of  water  on  Saturday,  but  during  other  days  there  would  always  be  a  waste  at  night,  for  while 
the  ponds  are  open  they  are  allowed  to  flow  night  and  day ;  and  as  there  are  no  facilities  for  storing  water  at  night 
within  the  distance  occupied  by  the  fall  referred  to,  there  would  be  no  possibility  of  concentrating  the  power  iiito 
working  hours.  These  or  similar  considerations  have  perhaps  been  those  which  have  prevented  the  utilization  of 
the  power,  which  is  favorably  situated,  within  easy  reach  of  the  railroad,  and  with  building  materials  close  at  hand. 

The  next  power  above  Milton  Three  ponds  is  at  Milton  mills,  where  there  are  several  dams,  and  above  which  the 
fall  is  rapid  all  the  way  to  the  source  of  the  river.  The  lowest  dam  is  owned  by  the  Waumbeck  Manufacturing 
Company,  and  the  power  is  leased,  being  used  by  a  woolen-mill  and  a  felt-mill,  one  with  a  fall  of  8  feet  and  36 
horse-power,  and  the  other  with  a  fall  of  10  feet  and  60  horse-power.  Full  capacity  can  only  be  obtained  during 
about  nine  or  ten  months,  as  the  water  is  drawn  from  Great  East  pond  in  such  a  way  as  to  cause  a  lack  of  water 
during  a  few  months.  The  next  dam  is  that  supplying  the  woolen-mill  of  the  Waumbeck  Company.  It  is  14 
feet  high,  the  fall  is  14  feet,  and  the  power  75  horse-power,  steam-power  being  in  reserve.  The  next  dam  is  of  stone, 
].5  feet  high,  with  flash-boards,  and  supplies  Buffum's  felt-mill,  the  fall  being  15  feet  and  the  power  being  60  horse- 
power, steam-power  being  in  reserve  to  the  same  extent.  Above  this  is  a  reservoir  belonging  to  the  Waumbeck 
Company,  the  dam  (called  the  Hooper  dam)  being  of  stone  and  from  15  to  18  feet  high.    The  reservoir  holds  about 

u  Geology  of  Neiv  Hampshire,  Vol.  Ill,  p.  150.  ]^]^5 
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one  day's  supply.  The  next  above  is  an  unutilized  privilege,  called  the  "  Jewett"  privilege,  once  used  by  a  sm.all 
mill.  The  fall  Avas  about  12  feet,  but  it  is  said  that  18  feet  or  more  could  be  obtained.  Above  it  is  a  second  reservoir 
of  the  Waumbeck  Company,  the  dam  being  of  stone,  8  feet  high,  and  the  pond  (known  as  Eoe  pond)  holding  about 
twenty-four  hours'  storage.  Above  it  are  some  saw-mills,  one  at  the  dam  at  the  outlet  of  Horn  pond.  There  is  no 
fall  not  utilized  on  this  part  of  the  stream,  excepting  that  at  the  Jewett  privilege.  The  mills,  however,  are 
obliged  to  have  steam-ppwer  in  reserve,  on  account  of  the  intermittent  flow  from  the  reservoirs. 

The  tributaries  of  the  Salmon  Falls  river  are  not  of  much  consequence.  Of  those  from  New  Hampshire  the 
only  one  to  be  mentioned  is  Branch  river,  which  rises  in  Cook's  pond  and  empties  into  Three  Ponds.  At  Union 
Village  there  are  four  mills  on  this  stream  running  all  the  year.  Of  the  tributaries  from  Maine  the  only  one  to  be 
mentioned  is  Great  Works  river,  which  empties  just  below  South  Berwick,  at  the  head  of  tide- water.  It  is  a  small 
stream,  draining  only  about  92  square  miles,  and  its  flow  is  not  very  constant.  It  has  one  artificial  reservoir, 
known  as  Bonny  Bigg  pond,  covering  about  500  acres — according  to  Wells,  1,600  acres — from  which  8  or  10  feet 
may  be  drawn.  At  the  mouth  of  the  river  is  a  saw-  and  grist-mill,  with  a  dam  12  feet  high,  using  a  fall  of  14  feet. 
The  power' available  is  probably  about  65  horse-power  net  at  its  minimum  during  eleven  hours.  Less  than  a  mile 
above  this  site  there  was  formerly  a  dam,  with  a  fall  of  about  18  feet,  the  privilege  being  now  idle.  It  belongs  to  the 
Newichawanick  Company,  which  owns  the  mills  just  above,  and  it  would  probably  afford  a  power  of  80  horse-power 
net  during  working  hours,  when  the  flow  is  at  its  minimum,  and  considerablj^  more  during  the  greater  part  of  the 
year.  Just  above,  or  about  a  mile  above  the  mouth  of  the  stream,  at  Newichawanick  falls,  are  the  two  dams  of  the 
Ifewichawanick  Company,  one  22  feet  high^  affording  a  fall  of  29  feet,  with  90  horse-power  all  the  time,  and  the 
other  13  feet  high,  affording  a  fall  of  17  feet,  with  80  horse-power.  These  powers  are  excellent  in  almost  every 
respect,  and  are  iu  close  proximity  to  several  railroads.  The  gross  power  available  during  the  low  season  of  dry 
years  is  probably  not  less  than  7  or  8  horse-power  per  foot  fall,  and  during  ordinary  years  10  or  over.  During  nine 
months  probably  twice  as  much  could  be  utilized.    Above  this  there  are  no  powers  worth  describing. 

The  following  tables  give  the  power  utilized  on  the  coast  streams  of  New  Hampshire,  compiled  from  the  returns, 
and  the  drainage  areas  of  the  principal  streams : 

Table  of  drainage  areas  of  the  coast  streams  of  New  Hampshire, 


stream. 

Tributary  to  wliat. 

Above  what  point. 

Drainage 
area. 

Exeter  river  

G-reat  bay 

Exeter 

Sq.  miles. 

113 

210 

20 

30 

183 

90 

72 

242 

240 

231 

140 

123 

34 

60 

92 

a  123 

ill9 

....do 

Oyster  river   .  . 

.  .  do    

Mouth 

....do  

....do  

Plscataqua  river 

...do 

Do 

Do 

....do 

Salmon  Falls  river  

....do  

Berwick .......  . . 

Do      

...do    

Salmon  Falls 

Do  .      .. 

do    

Great  Falls 

Do 

....do  

East  Eochester 

Milton  Throe  ponds. . . 
Milton  mills 

Do 

....do  

Do 

....do  

Little  river 

Salmon  Palls  river 

....do    

Month 

Great  Works  river 

....do    

Salmon  Falls  river 

Do 

Plscataqua  river 

do     

do 

a  In  Maine. 


b  In  New  Hampshire. 


WATER-POWER  OF  EASTERN  NEW  ENGLAND. 

Table  of  powcrx  iiiilized  on  the  coast  streams  of  New  Hampshire. 


69 


stream. 


Exeter  river 

Do 

Do 

Triljataries  of  the 

Do 

Do 

Do 

Do 

l.anjprey  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of  the 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Bellamy  river 

Do 

Cocheco  river 

Do 

Do 

Do 

Tributaries  of  tlie. 

Do 

Do.... 

Do....' 

Do 

Salmon  Falls  liver 

Do 

Do 

Do 

Do 

Do..... 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of  the 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  of  the. 

Do 


Tributary  to  what. 


Do. 
Do. 
Do. 
Do. 
Do. 


Great  bay  . . . 

....do 

....do 

Exeter  river . 

...do 

...do  

....do  

...do 

Great  bay  . . . 
...do 


...  do  

...  do  

...do 

....do 

....do  

...do  

...  do 

Lamprey  river 

...  do  

...do 

...do  

...  do 

...do 

....do 

...  do  

Great  bay 

...do 

Piscataqua  river. . 

....do  

...  do  

-.  do 

Coclicco  river 

...do  

..       do 

..do 

...do  

Piscataqua  river. . 

...  do 

...do  

...  do 

....do 

...  do 

...do ■ 

...do  


...do 

..  do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

..  do 

Atlantic  ocean. 
..  do 


..do  . 

do. 

do  . 
.do  . 

do  . 


State. 


Now  Hampshire  .. 

..  do 

...do 

...do  

...do  

...do 

..  do 

..do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

...  do 

...do 

...do 

...  do 

...do 

..  do 

...  do 

...do 

...  do 

...do 

...  do 

...do 

...do , 

...do 

....do 

...  do 

-.  do 

...  do , 

...  do 

...do 

...do 

...do 

...do 

...do 

...  do 

...  do  

Maine 

....do  

...  do 

...  do 

...do 

New  Hampshire. 

...do  

...  do 

...  do  

...do 

...do  

..  do 

Maine 

..  do 

...do 

....do  

New  Hampshire . 
...do 


do  . 

do  . 

do  . 
.do  . 
.do  . 


County. 


Hockingham.. 

...do , 

...do 

...do 

...do 

...do 

...do 

...  do 

...do 

..do 

...do 

...do 

....do 

Strafford 

..do 

...  do 

....do 

Kocliingham . 

..  do 

...do 

...do  

...do 

...  do 

...  do 

Strafford 

...  do  

....do  

...do 

...do  

...do  


.ao  . 


..do 

...do 

..  do    

...do 

Kockingham 

Stratfoid 

..  do 


...do 

...do 

..  do 

..  do 

...do 

York 

...  do 

..  do 

...do 

...do 

Carroll 

..  do 

...  do 

Strafford 

..  do 

-.  do 

Carroll    

Yoik 

....do  

...do 

...do  

Strafford 

Eockingham. 

...do 


Kind  of  mill  or  manu- 
facture. 


.do  . 
do  . 
.do. 
.do  . 


Cotton 

Flour  and  grist 

Saw 

Boxes 

Carriage  materials 

Flour  and  srist 

Saw 

Paper 

Cotton 

Woolen 

Box 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Tannery 

Paper 

Hosiery 

Cotton 

Box 

Bolts,  nuts,  etc 

Flour  and  grist 

Saw 

Wheelwi-ighting 

Floor  and  giist 

Woolen 

Flour  and  grist 

Cotton 

Woolen 

Saw 

Flour  and  grist 

Cutlery 

Woolen 

Blacksmithing 

Saw 

...  do  

Boxes  

Flour  and  grist 

Saw 

Cotton 

Woolen 

Felt 

Woolen 

...do  

Cotton 

Felt 

Excelsior 

Saw 

Excel&ior 

Furniture 

Saw 

....do 

Flour  and  grist 

Machinery 

Felt 

Woolen 

Agricultural  implements 

Flour  and  grist 

Saw 

...  do -. 

Box 

Tannery 

Flour  and  grist 

Saw 

Wheelwrigh  ting 

Vinegar  


1 
2 
5 
3 
1 
3 
21 
1 
1 
1 
1 
4 
9 
1 
1 
1 
1 
1 
1 
2 
1 
3 

10 
1 
1 
1 
1 
1 
2 
3 
2 
1 
1 
1 
6 
1 
1 
2 
1 
2 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
6 
2 
1 
1 
1 
3 
1 
2 
13 
2 
2 
1 
7 
U 
1 
1 


Feet. 

17-21 

15 

46 

24 

10 

27 

190  + 

S 

22-26 

■  10 

9 

43 

100 

-12 

12 

10 

10 

6 

14 

17 

14 

33 

86 

5 

11 

44 


30 
50 
52 
18 
25 

's 

9 
77 
12 
11 
33 
10 
106 

\     - 

60 

7 

18-20 
15 
14 
12 
11 
13 
60 
19 
13 
30 
11 
69 
16 
32 

140+ 
24 
12+ 
4-C 
65 


250 

105 

104 

56 

42 

56 

562 

200 

400 

25 

30 

149 

220 

75 

35 

12 

70 

25 

45 

45 

24 

128 

253 

5 

25 

180 


1,000 

455 

105 

46 

27 

35 

4 

306 

12 

10 

100 

15 

3,475 

100 


12 
160 
00 
25 
25 
20 
25 
136 
62 
50 
15 
60 
260 
25 
85 
639 
03 
44 
10 
101 
125 


117 
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v.— THE   EIVEES  OF   MAINE. 

The  general  characteristics  of  the  streams  of  Maine  have  been  described  in  the  introduction  to  this  report.  A 
detailed  report  on  their. water-po,wer  was  made  in  1869  by  Walter  Wells,  and  was  published  by  the  state;  and  as 
time  did  not  permit  of  a  detailed  examination  of  the  state  for  the  purposes  of  this  report,  the  pages  which  follow 
are  mainly  condensed  from  that  of  Wells,  the  statistics  being  brought  up  to  date,  and  measurements  of  the  drainage 
basins,  with  other  data,  added.  The  streams  will  be  considered  in  their  order  as  we  proceed  along  the  coast  from 
south  to  north. 

THE  PISOATAQUA  EIVER. 

This  stream,  which,  with  the  Salmon  Falls  river,  forms  the  boundary-bne  between  Maine  and  Few  Hampshire, 
has  already  been  considered,  as  one  of  the  coast  streams  of  I^Tew  Hampshire,  and  all  the  powers  on  the  Salmon  Falls 
river  hav.e  been  fully  described.  The  tributaries  to  that  river  from  Maine  are  not  of  much  consequence,  and  need 
no  further  description. 

As  we  proceed  along  the  coast  we  find  a  few  tide-mills,  and  in  the  town  of  York,  the  outlet  of  Chase's  pond, 
which  covers  350  acres,  has  a  rapid  fall,  and  runs  two  mills,  with  falls  of  19  and  35  feet  respectively;  but  the  power 
is  small  and  not  reliable  all  the  year. 

THE  MO  U  SAM  EIVER. 

The  Mousam  river  takes  its  rise  near  the  middle  of  York  county,  and  pursues  a  southeasterly  course  to  the 
sea,  its  length  being  about  30  miles  in  a  straight  line,  and  its  drainage  area  measuring  about  157  square  miles.  Its 
basin  is  level  or  gently  undulating,  the  soil  sand,  gravel,  and  loam,  the  rock  granite,  and  the  forests  are  mostly 
removed.  The  fall  of  the  stream  is  quite  large,  i^robably  in  the  neighborhood  of  10  feet  per  mile.  The  rainfall  is 
about  44  inches-^11  in  spring  and  in  summer,  12  in  autumn,  and  10  in  winter.  The  flow  of  the  stream  is  said  to 
be  quite  constant.  The  following  lakes  and  ponds  are  connected  with  the  river:  Shaker's  pond,  250  acres,  with  a 
storage  of  2  feet ;  Bunganut  pond,  320  acres,  with  a  storage  of  several  feet ;  Mousam  pond,  1,760  acres,  with  a 
storage  of  several  feet;  Square  pond,  040  acres;  and  Loon, pond,  130  acres.  These  ponds  suffice  to  regulate  the 
flow  to  a  considerable  extent.  In  the  absence  of  gaugings  I  have  roughly  estimated  the  flow  and  power  of  the 
Monsam  at  Kennebunk  about  as  follows  : 

Estimate  of  flow  of  the  Mousam  river  at  Kennebunk. 


State  of  flo-w  (see  pages  8-10). 

Drainage 
area. 

Flow  per 
second. 

Horse-power  available 
(gross)  continuously. 

MfpiTtinm 

Sq  miles. 

■      150     . 
J                 [ 

Cubic  feet. 

26 

31 

100 

35 

1  footfall. 
3 

3.5 
11.4 

4 

iO  feet  fall 
120 
140, 
456 
160 

MnvimnTjij -w^jtli  Rtnra£;ft 

Low  season,  diy  years 

Could  the  flow  be  controlled  and  confined  to  working  hours  the  above  powers  would  be  about  doubled. 

The  Mousam  river  is  crossed  at  Kennebunk  and  at  Springvale  by  railroads,  so  that  every  part  is  quite  easily 
accessible. 

As  the  stream  is  ascended,  the  first  power  is  at  the  head  of  tide  and  2^  miles  from  the  sea.  The  total  fall  is  40 
feet,  in  three  pitches,  only  a  portion  being  utilized,  and  the  total  power  used  being  probably  in  the  neighborhood  of 
350  horse-power.  That  available  is  estimated  in  the  above  table,  and  could  probably  be  increased  in  this  case.  TwO' 
miles  above  are  Lord's  cotton-mills,  with  11  feet  fall  and  75  horse-power ;  a  mile  above  is  a  saw-mill  with  9  or  10  feet; 
then  Yarney's  falls,  with  12  feet;  then  Great  Falls,  fall  45  feet,  making  a  total  fall  of  about  118  feet  in  Kennebunk. 
In  the  town  of  Sanford,  Wells  mentions  sixteen  powers  on  the  river,  with  a  total  fall  of  about  200  feet,  and  in  the 
towns  above  the  slope  is  probably  even  larger.  The  table  of  power  utilized  shows  that  the  total  fall  used  on  the- 
river  is  not  over  186  feet,  and  probably  much  less,  because  in  the  table  the  fall  at  each  mill  is  counted,  whether 
several  are  run  from  the  same  dam  or  not.  There  must  be,  therefore,  a  large  amount  of  fall  and  of  power  stilL 
unutilized  on  the  stream.  The  bed  and  the  banks  are  said  to  be  everywhere  favorable,  and  the  facilities  for  storage 
good.  No  accurate  data  are  at  hand  regarding  the  tributaries  of  the  stream,  but  they  afford  good  and,  in  some 
cases,  very  constant  powers. 

The  Kennebunk  river,  which  empties  into  the  ocean  very  near  the  mouth  of  the  Mousam,  is  a  small  stream,, 
draining  about  50  square  miles.  It  is  fed  by  Kennebunk  pond,  covering  about  540  acres,  and  capable  of  being 
drawn  down  4  feet,  and  by  Swan  pond,  covering  about  480  acres.    The  stream  affords  a  few  small  powers. 
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THE  SAOO  EIVER. 

The  Saco  river  has  its  source  in  a  small  pond  lying  1,300  feet  southeast  of  the  Crawford  house,  in  the  White 
mountains,  NeAV  Hampshire,  at  an  elevation  of  1,880  feet  above  the  sea.  From  this  point  the  stream  flows  in  a 
general  southeasterly  direction,  crossing  the  state  line  and  passing  into  Maine  at  a  distance  of  about  34  miles  from 
its  source,  measured  along  its  course.  In  Maine  its  general  course  is  southeast,  first  in  Cumberland  county,  and  in 
its  lower  part  forming  the  boundary  between  Cumberland  and  York  counties,  and  its  length  in  the  state  is  about 
70  miles,  following  its  course.  The  total  area  drained  by  the  river  is  about  1,750  square  miles,  of  which  nearly 
exactly  half  is  in  Maine  and  half  iu  New  Hampshire.  From  its  source  the  stream  falls  very  rapidly  for  a  few  miles, 
following  for  11  miles  a  narrow  valley,  with  high  hills  on  each  side,  extending  to  the  water's  edge.  Below  this 
point  it  flows  through  intervales,  and  is  bordered  on  each  side  by  alluvial  lands,  many  of  which  are  sometimes 
overflowed.    The  following  table  shows. its  slope: 


Tahle  of  declivity  of  the  Saco  river. 


Place. 


Source  of  river 

Western  toundary  of  Bartlett , 

Montli  of  Eocky  brunch 

Moutli  of  Ellis  river 

Portsmouth,  Great  Falls,  and  Conway  Bailroad  crossing 

Kailroad  crossing,  Conway  Centre 

Head  of  Great  falls 

Foot  of  Great  falls 

Mouth  of  Ossipee  river 

Mouth 


Distance 

from 
mouth. 


Miles. 
104 

91.5 

85 

83 

78 

73 

45 

44.7 

40 

0 


Elevation 
above  tide. 


Ftet. 
1,88 


745 
560 
511 
446 
412 
843 
271 
260 
0 


Distance 
between 
points. 


MUet. 

I        12.5 
^  6.5 

38 

0.3± 
40 


Fall 

between 

points. 


Feet. 

1,135 
185 
49 

168 


266 


Fall 
per  mile 
between 
points. 


Feel. 

90.8 
28.4 
24.5 


240 


6.65 


Its  bed  is  rocky  almost  everywhere,  the  prevailing  rocks  being  granite  and  gneiss.  The  rainfall  is  about  the 
same  as  on  the  Mousam.  The  flow  is  ^ery  variable,  on  account  of  the  large  proportion  of  mountain  country 
drained  by  the  stream  and  the  small  size  of  the  lakes.  Especially  in  the  upper  or  mountainous  part  is  this  the 
case,  the  stream  diminishing  to  almost  a  mere  rivulet  in  summer,  and  being  heavily  swollen  in  the  spring.  The 
number  of  lakes  in  the  basin,  in  Maine,  is  75,  while  iu  New  Hampshire  there  are  about  34.  None  of  them,  however, 
are  very  large.  Those  in  Maine  have  a  total  area  of  65  square  miles,  and  those  in  New'Hampshire  29  square  miles, 
making  84  square  miles  in  all,  or  about  1  square  mile  to  each  21  square  miles  of  basin.  Many  of  these  ponds  are 
dammed,  and  some  are  used  only  for  regulating,  while  in  the  case  of  many  of  them  additional  storage  is  feasible. 
The  storage  facilities  in  the  basin,  in  a  word,  may  be  said  to  be  excellent,  though  at  present  not  made  use  of  to  a 
very  great  extent.  No  accurate  data  regarding  the  flow  are  at  hand,  but  the  range  of  water,  between  high  and 
low  water,  seldom  exceeds  14  feet  at  any  point,  so  that  the  flow  is  evidently  much  more  constant  than  that  of  most 
streams  in  the  southern  aud  western  states.  The  river  is  quite  easily  accessible  by  rail,  being  followed  for  almost 
its  whole  length  by  the  Portland  and  Ogdensburg  railroad. 

As  the  stream  is  ascended,  the  first  power  met  with  is  at  the  head  of  tide,  at  Biddeford  and  Saco,  about  4 
miles  from  the  mouth.  Vessels  drawing  11  feet  can  come  up  to  the  foot  of  the  falls,  and  the  river  is  open  to 
navigation  for  eight  or  nine  months  of  the  year,  rendering  transportation  by  sea  easy.  The  fall  is  about  40  feet 
at  low  tide,  the  bed  is  solid  trap-rock,  and  the  banks  were  originally  very  rough,  rugged,  and  high,  but  have  been 
cut  down  as  the  manufactures  have  developed.  The  power  has  been  used  since  1750,  but  until  about  1830  only 
for  saw-mills.  At  present  the  upper  dam,  with  a  fall  of  6J  feet,  is  only  used  for  a  saw-mill,  but  the  lower  fall  of  32 
or  33  feet  is  used  by  three  cotton-manufacturing  corporations  and  a  grist-mill.  The  river  is  here  divided  into  two 
arms,  both  of  which  are  dammed.  The  York  Manufacturing  Company,  situated  on  the  island  between  the  arms, 
uses  a  fall  varying  with  the  tide  from  30  to  34  feet,  while  on  the  south  bank  the  Pepperell  Manufacturing  Company 
uses  a  fall  of  about  16  feet,  and  below  it  the  Laconia  Manufacturing  Company  uses  the  remainder  of  the  fall  to 
tide,  or  about  16  feet,  with  a  second  dam.  The  upper  of  these  two  dams  is  partly  of  wood  and  partly  of  stone, 
about  335  feet  long,  and  from  3  to  10  feet  high,  with  1  foot  of  flash-boards.  The  lower  one,  south  of  the  island,  is 
of  stone,  about  200  feet  long,  and  from  3  to  7  feet  high.  The  power  is  owned  by  the  Saco  ^Yater-Power  Company, 
controlled  by  the  Pepperell  and  Laconia  Manufacturing  Companies,  and  the  low-water  flow  is  completely  utilized. 
The  York  Company  owns  the  right  to  11  mill-powers,  a  mill-power  being  defined  as  the  right  to  draw  25  cubic  feet 
of  water  per  second  on  a  fall  of  30  feet.    Increase  in  quantity  is  allowed  as  the  fall  becomes  less  than  30  feet ;  if  it 
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is  over  30  feefc,  the  mills  obtain  the  benefit  of  it,  the  quantity  being  undiminished.  With  a  fall  of  30  feet  a  quantity 
of  water  equal  to  25  cubic  feet  per  second  affords  a  gross  power  of  85.23  horse-power,  as  at  Lowell,  so  that  the  York 
Company  owns  937  gross  horse-power.  The  remainder  of  the  flow,  or  all  in  excess  of  the  11  mill-powers  reserved 
for  the  York  Company,  and  which  can  be  obtained  at  all  times,  is  owned  by  the  Pepperell  and  Laconia  companies, 
in  the  proportion  of  ^  to  the  former  and  f  to  the  latter.  The  Pepperell  Company  uses  at  times  water-power  to  the 
extent  of  2,000  horse-power,  but  can  only  obtain  it  during  about  eight  months,  being  sometimes  unable  to  obtain 
over  300  or  400  horse-power;  and  it  has  steam-power  to  the  extent  of  1,500  horse-power.  The  Laconia  Company 
can  use  all  the  water  passing  the  wheels  of  the  Pepperell  Company,  together  with  what  goes  over  the  dam,  but  only 
uses  about  1,600  horse-power,  and  in  dry  weather  is  limited,  like  the  Pepperell,  to  300  or  400.  It  has  steam-power 
equal  to  1,000  horse-power.  The  York  Company  uses  1,100  or  1,200  horse-power  when  running  all  its  wheels  at  full 
capacity,  but  generally  limits  the  water-power  used,  to  the  11  mill-powers  using  steam-power,  to  the  extent  of  400 
horse-power  continually.  Surplus  power  may  be  used  if  desired,  the  price  charged  being  $3  per  mill-power  per  day 
for  every  mill-power  above  the  11  mill-powers  owned.  Measurements  of  the  quantity  of  water  used  by  the  York 
Company  are  made  by  the  Water-Power  Company,  by  observing  daily  the  height  of  water  in  penstock  and  wheel-pit,^ 
and  the  height  of  gate,  thence  determining,  by  means  of  wheel-tables  or  diagrams,  the  quantity  used.  Flume 
measurements  are  also  made  at  Intervals,  to  determine  whether  any  change  has  occurred  in  the  running  of  the 
wheels.  ISTo  measurements  are  made  of  the  quantity  used  by  the  Laconia  Company.  On  the  other  arm  of  the  river 
the  lower  fall  is  used  by  a  grist-mill,  the  power  being  small. 

The  York  Company  uses  continuously,  for  eleven  hours  every  day,  a  quantity  of  water  equal  to  275  cubic  feet 
per  second.  The  minimum  quantity  used  by  the  Pepperell  Company  is  perhaps  200  cubic  feet  per  second ;  making 
in  all,  on  both  sides  of  the  river,  during  working  hours,  say,  500  cubic  feet  per  second.  The  ponds  of  the  dams  at 
Saco  are  of  small  capacity,  but  those  farther  up  the  stream,  and  which  will  soon  be  referred  to,  are  sufficient  to 
control' the  flow,  rendering  it  possible  to  save  the  whole  of  it  in  a  dry  time.  During  eight  months  there  is  a  waste, 
but  during  the  remaining  four  months  there  is  little  or  no  waste.  The  minimum  flow  of  the  stream,  during  twenty- 
four  hours,  is,  therefore,  probably  not  far  from  250  cubic  feet  per  second.  The  following  estimate  will  give  some 
idea  of  the  power,  and  enable  those  farther  up  the  stream  to  be  judged  of: 


Estimate  of  power  of  the  Saco  river  at  Saco  and  Biddeford. 


state  of  flow  (see  pages  8-10). 

Drainage 
area. 

Flow 
per  second. 

Horse-power  available  (gross) 
during  twenty-four  hours. 

1 

Sq.  miles. 

1          r 

1,734  • 

Cubic  feet. 

250 

325 

1,000 

375 

1/oot  fall. 

28.4 

36.9 

113.6 

42.6 

32  feet  fall. 

909 

1,181 

3,635 

1,363 

iOfeetfall. 
"     1, 136 

1,476 

4, 544        ' 

1,704 

1 

IVfiniTiiiini  low  .qensrm 

Ma-yimnm  TOit.h  Rtm-noi^ 

Low  season,  dry  years 

The  range  of  the  water  is  given  by  Wells  as  from  8  to  10  feet.     No  trouble  is  experienced  on  account  of  freshets 
or  ice. 

The  Saco  Water-Power  Company  controls  several  reservoirs  on  the  stream  and  tributaries,  as  follows: 
1.  Little  Ossipee  pond,  in  Waterborough,  covering  about  525  acres,  and  dammed  to  a  height  of  9  feet.    2. 
Moose  pond,  covering  1,048  acres,  from  which  8  feet  may  be  drawn.     3.  Kezar  pond,  2,065  acres,  with  a  dam  5  feet 
high.    4.  Watchic  pond,  425  acres,  range,  4  feet.     5.  Horn  pond,  150  acres ;  range,  7  feet.     6.  Great  Ossipee  pond, 
in  New  Hampshire,  3,809  acres;  range  of  3  feet  controlled.     7.  Silver  lake,  about  400  acres;  range,  4  teet. 

■  Other  ponds,  not  belonging  to  the  company,  are  dammed  and  contribute  to  render  the  flow  constant.  According 
to  Wells,  nine  ponds  connected  with  the  Little  Ossipee  river,  a  tributary  of  the  Saco,  aggregate  8.3  square  miles  in 
area;  twelve  ponds  connected  with  Great  Ossipee  river  aggregate  15.25  square  miles;  and  twenty  or  more  other 
ponds  connected  with  the  Saco  aggregate  24.25  square  miles.  Many  of  the  above  are  dammed,  and  others  easily 
could  be.  , 

Above  Saco  the  next  power  is  at  Union  falls,  12  miles  distant  by  the  river.  It  is  owned  by  the  Saco  Water- 
Power  Company,  which  built  a  stone  dam  there  in  1856,  and  uses  it  simply  as  a  reservoir.  The  fall  is  15  feet,  and  is 
entirely  unoccupied.  The  gates  are  shut  every  night  to  save  the  water.  The  drainage  area  above  measures  about 
1,677  square  miles,  and  the  minimum  power  during  twenty-four  hours  would  probably  be  not  less  than  400  horse- 
power on  a  fall  of  15  feet.  In  the  low  season  of  ordinary  years  the  power  would  probably  be  about  750  horse-power 
on  the  same  fall.  Below  the  dam  the  fall  continues  for  half  a  mile,  the  fall  in  that  distance  being  8  or  9  feet.  The 
pond  is  about  2  miles  long,  at  the  head  of  which  is  Salmon  Falls,  the  next  power.  A  wooden  dam  20  feet  high  once 
stood  here,  but  has  been  destroyed,  and  no  power  is  now  utilized.  The  fall  is  62  feet  in  about  3,500  feet,  over 
a  narrow  bed  of  solid  rock.    I  should  roughly  estimate  the  power  about  as  follows: 
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Estimate  of  'power  at  Salmon  Falls, 


Stato  of  flow  {see  pages  8-10). 


Minimum 

MiDimum  low  seiisou  . . . 
Maximum,  with  storage 
Low  season,  dry  years  .. 


Drainage 
nica. 

Flow  per 
secoud. 

Horao-jjower  available  (gross) 
duiiug  twenty-four  hours. 

Sq.  miles. 

Cubic  feet. 

\  foot  fall. 

2(1  feet  fall. 

62feetfall. 

1 

235 

26.7 

634 

1,055 

1 

^     1,028  . 

J                  [ 

300 

34.1 

082 

2,114 

975 

110.8 

2,218 

0,870 

340 

38.6 

772 

2,393 

The  facilities  for  the  utilization  of  this  power  are  said  to  be  excellent,  and  a  large  supply  of  good  granite  is 
within  2  miles.    The  falls  are  15  miles  from  Portland,  and  within  IJ  mile  of  the  Portland  and  Eochester  railroad. 

The  next  power  is  at  Bar  Mills  falls,  1^  mile  by  the  river  above  the  last  power,  where  the  fall  is  18  feet  in 
1,000  feet,  of  which  about  12  feet  are  used  by  saw-mills.  The  available  power  per  foot  fall  is  about  the  same  as  at 
the  falls  below,  for  whicli  see  the  previous  table.  The  facilities  for  utilization  are  good  and  the  location  is  excellent. 
The  railroad  crosses  the  river  near  the  falls,  which  are  15  miles  from  Portland  and  lO'miles  from  Saco. 

Five  miles  up  the  river  is  the  next  site.  Moderation  falls,  at  West  Buxton  village.  The  fall  is  14  feet  in  600 
feet,  the  bed  being  rock  and  the  banks  very  favorable.  The  power  is  partially  improved,  and  is  used  by  two  woolen 
factories  atd  some  other  mills.     I  estimate  the  power  available  about  as  follows: 


Estimate  of  power  at  Moderation  and  Bonny  Eagle  falls. 


state  of  flow  (see  pages  8-10). 


Drainage 
area. 


Sq.  miles. 
Minimum |i  i 

Minimum  low  season i 

}     1,"78    > 
Maximum,  with  storage | 

Low  season,  dry  years |J  > 


riow  per 
second. 

Horse-power  available  (gross) 
during  twenty-four  hours. 

Cubic  feet. 

1  foot  fall. 

U  feet  fall. 

4S  feel  fall. 

225 

25.6 

358 

1,229 

290 

33.0 

462 

1,584 

950 

108.0 

1,512 

5,184 

323 

37.0 

518 

1,776 

These  falls  are  18  miles  from  Portland,  14  miles  from  Saco,  and  5  miles  from  the  nearest  station  on  the  Portland 
and  Ogdensburg  railroad. 

The  next  power  is  IJ  mile  above,  at  Bonny  Eagle  falls.  The  fall  here  is  48^  feet  in  a  distance  of  half  a  mile^ 
and  25  feet  within  800  feet.  "  The  water  of  the  river  divides  at  the  head  of  the  falls,  and  runs  in  two  channels  to 
the  foot  of  the  falls,  forming  an  island  containing  about  60  acres.  By  the  main  or  western  channel  the  water 
descends  through  a  narrow  passage  bounded  by  rocks,  in  a  succession  of  falls  and  rapids,  while  by  the  other  or 
eastern  channel  the  descent,  though  rapid,  is  continuous."  The  banks  are  favorable  for  the  construction  of  canals 
and  mills,  and  the  power  is  partially  improved  by  .'^aw-mills.  That  available  is  estimated  in  the  previous  table. 
These  falls  are  6  miles  from  the  nearest  railroad  station. 

The  next  power  is  about  5  miles  above,  and  known  as  Limingtou  falls.  The  fall  is  65  feet  in  about  1,800  feet, 
and  the  width  of  the  stream  250  feet.  The  falls  are  partially  improved.  One  mile  above  are  Union  falls,  26  feet 
in  a  quarter  of  a  mile.  Just  above  are  the  Steep  falls,  40  feet  in  three-quarters  of  a  mile,  partially  improved.  At 
these  three  falls,  which  naturally  belong  together,  we  may  estimate  the  power  about  as  follows : 

Estimate  of  power  at  Steep  falls. 


State  of  flow  (see  pages  8-10). 

Drainage 
area. 

\ 
riow  per 
second. 

Horse-power  available  (gross)  during  twenty-four  hours. 

Sq.  miles. 
■   1,.S75     ■ 

Cubic  feet. 
206 
264 
825 
300 

1  footfall. 
23.4 
30.0 
93.7 
34.  1 

GbfeetfaU. 
1,520 
1,950 
6,090 
2,216 

■ 
lifeetfall. 

608 

780 

2,436 

887 

iOfeetfall 

936 

1,200 

3,748 

1,364 

Ibfeetfall. 

351 

450 

1,405 

511 

Maximum,  with  storage 

Low  season,  dry  years 

Eour  miles  above  are  Highland  rips,  15  feet  fall  in  40  rods.  This  site  was  unimproved  at  the  time  of  Wells 
report.  The  power  may  be  estimated  by  comparing  with  the  above  table,  as  the  quantity  of  water  is  about  the 
same.  The  next  large  power  is  in  Hiram  and  Baldwin,  where  there  is  a  heavy  fall.  Two  and  a  half  miles  below 
Hiram  bridge  are  the  Great  falls,  where  the  total  fall  is  72  feet  in  55  rods,  the  bed  and  banks  beiug  solid  rock 
The  facilities  for  utilization  are  said  to  be  good.  The  falls  are  above  the  mouth  of  the  Great  Ossipee  river,  and  the 
flow  is  consequently  more  variable  than  below.  Above  the  falls  the  country  is  flat,  and  a  very  large  reservoir  could 
easily  be  formed,  for  a  dam  6  feet  high  at  the  head  of  the  falls  would,  it  is  said,  deaden  the  current  for  nearly  15 
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miles.  There  are  also  15  or  20  square  miles  of  lake  or  swamp  surface  atove  this  point,  which  could,  if  desired, 
be  used  as  reservoirs  to  a  much  greater  extent  than  thej  now  are.  The  falls  belong  to  the  Saco  "Water-Power 
Company,  and  are  unimproved.    The  available  power  may  be  estimated  about  as  follows : 

Estimate  of  power  at  Great  Falls. 


State  of  flow  (see  pages  8-10). 

Drainage 
area. 

Flow  per 
second. 

Horsepower  arailaMe 

(gross)  during 

twenty-four  hours. 

Sq.  miles 
I     856      ■ 

Cubic  feet. 
100 
120 
440 
135 

1  foot  fan. 
11.3 
13.6 
50.0 
15.3 

n  feet  fan. 

8U 

979 
3,600 
1,100 

Half  a  mile  below  the  foot  of  Great  falls  is  a  fall  tnown  as  "Great  Falls'  Wife",  amounting  to  8  or  10  feet  in  . 
half  a  mile,  and  unimproved. 

The  next  power  is  Swan's  falls,  in  Fryebui  g,  with  a  fall  of  8  feet.  Above  this  point,  in  its  course  through  New 
Hampshire,  the  Saco  is  a  rapid  mountain  stream,  flowing  over  a  rocky  or  gravelly,  bed,  bordered  in  places  by 
extensive  alluvial  lands.  Numerous  sites  for  power  could  be  found,  but  the  chief  objection  to  the  use  of  power  is 
the  very  variable  flow  of  the  river,  which  is  a  torrent  at  times,  and  at  tiines  a  mere  brook.  It  supplies  no  power 
in  this  part  of  its  course. 

The  first  important  tributary  of  the  Saco  river  is  the  Little  Ossipee,  which  enters  between  Bonny  Eagle  and 
Limington  falls.  Some  tributaries  below  have  large  falls  and  run  small  powers,  but  are  not  permanent.  Little 
Ossipee  river  has  its  source  in  Balch  poud,  partly  in  Maine  and  partly  in  New  Hampshire,  and  flows  in  an  easterly 
direction,  draining  about  158  square  miles,  its  length  being  about  30  miles.  It  has  tributary  to  it  a  number  of 
ponds,  the  nine  principal  ones  haying  an  aggregate  area  of  8.3  square  miles,  and  three  of  them  being  dammed. 
Considerable  additional  storage  is  feasible.     The  stream  has  a  number  of  good  sites  : 

1.  Chase's  falls,  35  feet  in  40  rods,  near  the  mouth,  and  partially  improved. 

2.  Nason  falls,  3  miles  above,  60  feet  in  1,320  feet,  partly  improved. 

3.  Some  rapids  in  Limerick  and  Waterborough,  partly  improved.  Above  these  are  a  number  of  falls,  some 
utilized  by  mills  of  various  kinds.  The  flow  of  the  stream  is  quite  constant,  and  its  power  excellent.  Balch  pond, 
at  the  head,  which  covers  2J  square  miles,  is  dammed,  and  can  be  drawn  down  8  feet. 

.  The  next  tributary  is  Great  Ossipee  river,  which  has  its  source  in  Ossipee  lake,  in  Carroll  county,  New 
Hampshire,  at  an  elevation  of  408  feet  above  the  sea.  From  this  lake,  which  covers  about  3,809  acres,  and  is 
dammed  to  a  height  of  3  feet,  the  river  flows  eastward,  its  length  being  about  15  miles  in  a  straight  line,  and  its 
drainage  area  measuring  about  470  square  miles,  of  which  about  370  square  miles  lie  in  New  Hampshire.  Its 
drainage  basin  is  largely  level  and  sandy,  especially  that  part  lying  in  New  Hampshire.  The  total  fall  of  the 
stream,  however,  is  142  feet,  as  will  be  seen  by  comparing  with  the  table  on  page  71.  A  number  of  lakes,  besides  the 
one  mentioned,  are  tributary  to  the  river,  twelve  of  the  principal  ones  (including  Great  Ossipee)  having  a  total  area 
of  15.25  square  miles  (Wells),  and  seven  of  them  being  dammed, to  heights  varying  from  3  to  12  feet.  The  flow  is 
consequently  quite  uniform,  and  the  freshets  not  severe.    The  stream  is  accessible  at  both  ends  by  two  railroads. 

Great  Ossipee  offers  a  number  of  good  powers.  Half  a  mile  above  the  mouth  a  fall  of  10  feet  is  availablej. 
at  Warren's  mill  is  a  similar  fall;  between  'this  and  Kezar  falls  are  two  sites,  with  12  feet  each,  and  at  Kezar 
falls  the  fnllris  50  feet  in  a  mile,  partially  improved.  At  French's  falls  a  fall  of  9  feet  occurs,  and  at  South  Eiver 
falls  there  is  one  of  8  feet.    There  are  probably  other  available  sites,  but  none  are  mentioned  by  Wells. 

Judging  from  the  facts  at  my  command,  I  should  estimate  that  the  minimum  flow  of  the  stream  at  its  mouth 
would  be  about  70  cubic  feet  per  second,  aftbrding  about  8  gross  horse-power  per  foot  fall.  In  ordinary  years  the 
flow  in  the  dry  season,  however,  would  be  much  in  excess  of  this  figure. 

No  very  important  tributaries  enter  above  the  Ossipee.  Some  outlets  of  ponds  in  Denmark  and  Fryeburg. 
afi'ord  excellent  sites,  with  very  constant  power  and  large  fall,  for  the  details  of  which  we  must  refer  to  Wells'  report. 
The  tributaries  in  New  Hampshire,  like  the  main  stream,  although  having  very  large  falls,  are  unreliable  on  account 
of  their  variable  flow. 

It  is  evident  from  the  above  that  the  Saco,  in  its  lower  parts,  is  a  very  good  stream  for  power,  offering  almost 
evsery  advantage  that  could  be  desired. 
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THE  PEBSCrMPSOOT  EIVEE. 

Tliis  river,  which  will  be  found  to  resemble  iu  many  respects  the  Winuipiseogee  river  in  New  Hampshire,  is 
the  outlet  of  Sebago  lake,  a  beautiful  sheet  of  water,  covering  an  area  of  some  60  square  miles,  in  Cumberland 
county,  and  lying  at  an  elevation  of  251  feet  above  the  sea.  Prom  this  lake  the  stream  flows  in  a  southeasterly 
direction,  entering  Casco  bay  about  i  miles  north  of  Portland,  its  length  being  about  22  miles,  and  its  drainage 
area  measuring  about  72C  square  miles.  It  receives  no  very  important  tributaries,  and  the  principal  towns  it 
passes  are  Westbrook,  Saccarappa,  and  Cumberland  Mills.  The  fall  of  the  stream  is,  according  to  the  above,  251 
feet  in  22  miles,  or  11.4  feet  per  mile.  The  drainage  area  of  the  lake  measures  about  500  square  miles,  and  the 
upper  part  of  the  basin  has  an  elevation  of  800  or  900  feet,  sloping  gradually  toward  the  south.  The  northern 
part  is  well  wooded,  while  the  southern  part  is  mostly  cleared.  The  bed  and  banks  of  the  stream  are  in  every  way 
favorable  for  power,  but  its  greatest  advantage  is  its  very  constant  flow.  The  following  reservoirs  are  given  by 
Wells  as  tributary  to  the  river : 

Reservoirs  of  the  Prcsvmpscot. 


'Name. 


Sel>aso  lake 

Trickey  pond 

Peabody  pond 

Brandy  pond 

Long  pond 

Pleasant  pond 

Panther's  pond 

Ealtlesnake  (two  ponds) . 

Little  Sebago  pond 

Crotched  pond 

Adams'  pond 

Holt's  pond 

Stearns' pond 

Anonymous  pond 

Wood's  pond 

Thomas  pond 

Long  pond,  Wateiford... 

Bear  pond 

Moose  pond 

Songo  pond 

stone  (two  ponds) 


Approxi- 
mate area. 


Sq.  miles. 
60 

0.75 
1.50 
1.26 
12 
2.25 
2.75 
2.75 
5 

2.75 
0.30 
0.30 
1 

0.75 
1.50 
1.15 
1 

0.75 
0.75 
0.85 
1.10 


Storage      A<l<"M™ai 

Feet. 
In  1882)  6 

Feet. 

Bam 

(a) 

(!-) 

7 
5 
4 
Dam 

6 
2 
2 

4 

G 

(c) 

1 

4 

a  Several  feet. 


b  High  dam  feasible. 


c  Ontlet  can  be  lowered  3  feet. 


The  total  number  of  lakes  is  45,  with  a  total  area  of  97  square  miles,  or  1  square  mile  to  every  7.5  square  miles 
of  basin.  The  23  named  above  aggregate  90.45  square  miles  in  area.  No  large  stream  that  we  have  yet  met  with, 
except  the  Winuipiseogee  river,  has  so  large  a  proportion  of  its  basin  taken  up  by  lake  surface.  The  flow  is  therefore 
very  constant,  the  extreme  range  of  water  on  the  dams  at  Westbrook  being  only  4  or  6  feet;  and  the  natural 
constancy  of  the  flow  is  much  increased  by  the  artificial  storage,  especially  that  on  lake  Sebago.  A  stone  dam  20 
feet  high,  built  in  1878  and  1879,  raises  the  level  of  the  lake  6  feet,  that  depth  being,  therefore,  under  control,  and 
the  dam  being  used  only  for  regulating  the  flow.  This  dam  is  controlled  by  the  mill-owners  below,  under  the  name 
of  the  Presumpscot  Water-Power  Company.  A  depth  of  G  feet  over  50  square  miles  is  probably  sufficient  to  render 
available  the  maximum  flow  permanently  possible,  so  that  in  the  case  of  this  river  the  "  maximum  with  storage" 
is  reached.     Following  the  river  downward,  the  powers  on  it  are  as  follows  : 

The  dam  at  the  outlet  could  easily  be  used  as  a  source  of  power,  the  fall  varying  from  20  to  14  feet.  Eel  Weir 
falls,  bfclow,  have  a  fall  of  12  feet;  Hubble  falls,  lower  down,  have  8  feet;  Steep  falls,  12  feet;  Hardon's  falls,  11 
feet  1  mile  from  the  lake;  Great  falls,  1  mile  below,  16  feet  utilized;  Whitney's  falls,  half  a  mile  below,  14  feet; 
Island  falls, -half  a  mile  below,  10  feet;  Dundee  falls,  nearly  a  mile  below,  18  feet;  Leavitt's  falls,  nearly  a  mile 
below,  12  feet ;  Gambo  falls,  a  mile  below,  16  feet ;  Little  falls,  a  mile  below,  17  feet ;  Mallison  falls,  half  a  mile 
below,  18  feet. 

Of  these  falls  some  are  partially  improved,  but  the  entire  power  available  is  used  in  few  cases,  if  any. 

The  next  power  is  at  Saccarappa,  where  there  are  two  dams.  The  uppermost  is  of  wood,  150  to  200  feet  long 
and  9  feet  high,  ponding  the  water  for  5  miles.  The  fall  is  12  feet,  and  the  power  is  used  on  both  sides  of  the  river. 
On  one  side  is  the  Westfield  Manufacturing  Company's  cotton-mill,  with  about  300  horse-power,  and  on  the  other 
are  two  cotton-mills  and  two  saw-mills,  using  in  all  about  400  horse-power.    Full  capacity  is  always  to  be  had.    The 
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lower  dam  is  of  wood,  about  400  feet  loug  and  12  feet  high,  making  a  pond  of  only  a  few  hundred  feet.  The  fall  is 
19  feet,  and  on  the  left  bank  the  Weslfield  Manufacturing  Company  uses  500  horse-power,  while  on  the  opposite 
side  are  a  nuiiiber  of  small  mills  of  various  kinds,  using,  it  is  said,  about  800  horse-power.  This  power  is  excellent 
in  all  respects. 

The  next  power  is  at  Cumberland  Mills,  5  miles  from  Portland  and  a  mile  below  Saccarappa.  A  dam  of  wood 
and  stone,  12  feet  high  and  250  feet  long,  affords  a  fall  of  20  feet,  used  at  the  paper-mills  of  S.  D.  Warren  &  Co.,  where 
the  power  in  use  is  2,000  horse-power.  This  power  can  be  obtained  about  nine  months  of  the  year,  and  during  the 
rest  of  the  time  steam  power  to  the  extent  of  750  horse-power  is  used.  In  dry  weather  tliere  is  no  waste,  as  the 
mills  run  night  and  day. 

Below  this  power  there  is  one  other,  at  the  head  of  tide,  known  as  Presumpscot  Lower  falls,  owned  by  S.  D. 
Warren  &  Co.,  but  it  is  not  used.  It  is  7  or  8  miles  below,  and  the  fall  is  said  to  be  about  15  feet  at  high  tide. 
Formerly  this  site  was  utilized. 

As  regards  the  power  available  at  these  sites,  it  may  be  regarded  as  practically  about  the  same  in  a  dry  season 
from  the  lake  to  the  mouth  of  the  river,  for  the  small  tributaries  which  come  in  between  those  points,  though 
carrying  large  quantities  of  water  at  times,  are  in  dry  weather  often  mere  brooks.  The  power  available  in  a  dry 
season  is,  therefore,  that  derived  from  the  storage  on  the  lake,  and  in  estimating  it  we  have  only  to  consider  how  much 
water  can  be  collected  from  the  water-shed  of  the  lake.  The  annual  rainfall  on  this  water-shed  is,  on  the  average, 
^bout  44  inches ;  the  minimum  probably  about  27  inches.  The  observations  on  lake  Cochituate,  near  Boston,  show 
that  on  that  water-shed  about  40  per  cent,  of  the  rainfall  can  be  collected.  From  the  character  of  the  drainage 
basin  of  lake  Sebago  I  should  think  that  about  the  same  jJroportion  could  be  collected  there,  so  that,  if  this  is 
true,  the  minimum  quantity  available  during  an  entire  year  would  be  about  11  inches.  Probably  this  is  all  that 
could  be  permanently  depended  upon,  though  for  a  number  of  years  in  succession  a  considerably  greater  quantity 
could  be  collected.  In  order  to  insure  the  uniform  discharge  of  this  quantity  from  the  lake,  the  latter  must  be 
capable  of  storing  3  or  4  inches  on  the  water-shed.  The  storage  depth  of  6  feet  would  probably  be  sufQcient  for  this 
purpose,  unless  the  banks  are  very  ilat.  Taking,  then,  11  inches  as  the  maximum  with  storage,  we  have  a  discharge 
of  0.8  cubic  foot  per  second  per  square  mile,  or  a  total  discharge,  uniformly  through  tbe  year,  of  about  400  cubic  feet 
per  second.  This  quantity  would  afford  a  gross  power  of  about  45  horse-power  per  foot  fall,  from  which  the  power 
at  the  different  falls  can  be  calculated.  Could  the  flow  for  twenty-four  hours  be  discharged  during  the  eleven 
working  hours,  the  power  would  be  increased  in  the  proportion  of  24  to  11. 

It  is  evident  from  the  previous  pages  that  few  streams  offer  the  advantages  for  power  that  the  Presumpscot 
affords.  The  total  fall  of  the  river  being  251  feet,  the  total  power  available  in  its  course  would  be  11,295  horse- 
power continuously,  or  24,631  horse-power  during  eleven  hours.  Of  this  only  about  6,000  horse-power  are  now 
used. 

The  tributaries  of  the  river  are  not  of  much  importance,  but  some  of  them  are  outlets  of  ponds  and  have 
considerable  fall,  thus  affording  excellent  constant  powers,  though  small.  Others  are  variable  in  flow  and  of  little 
value.  Little  Sebago  pond  is  dammed,  and  on  its  outlet  are  several  good  powers.  Among  the  tributaries  of  the 
lake,  similar  streams  are  found;  but  to  enumerate  all  of  them,  and  name  the  powers  upon  them,  would  require 
more  time  and  space  than  are  available.  Suffice  it  to  say,  that  numerous  streams  are  found— small  ones,  to  be  sure 
— which  afford  storage  facilities  quite  sufficient  to  render  almost  the  maximum  with  storage  available.  The  longest 
and  largest  tributary  of  the  lake  is  Crooked  river,  which  is  "estimated  to  be  42  miles  long",  and  which  affords 
considerable  power.  Adding  up  the  falls  on  it  which  are  mentioned  by  Wells,- the  total  is  109  feet,  only  part  of 
which  is  used.    Its  most  important  site  is  near  its  mouth,  at  Edes  falls,  where  the  fall  is  36  feet. 

THE  ANDEOSCOGGIN  ElVEE. 

The  Androscoggin  river  has  its  sources  partly  in  Maine  and  partly  in  New  Hampshire.  The  river  is  entitled 
to  its  name  really  only  southward  from  the  confluence  of  the  Magalloway  river  (which  has  its  source  in  the  extreme 
northwestern  corner  of  Maine,  almost  on  the  New  Hampshire  and  Canada  lines),  and  the  outlet  of  the  range  of 
lakes  which,  commencing  with  lake  Umbagog,  extends  in  a  northeasterly  direction  for  30  miles  in  Maine.  The 
junction  of  the  two  streams  referred  to  is  about  a  mile  from  Umbagog  lake,  in  Coos  county.  New  Hampshire,  and 
from  this  point  the  Androscoggiu  pursues  a  general  southerly  course  for  about  28  miles,  measured  in  a  straight  line, 
or  38  miles  along  its  course,  when  it  bends  to  the  left,  and  flows  nearly  east  for  about  20  miles,  entering  Oxford 
county,  Maine.  It  then  deflects  toward  the  north,  and  flows  north  of  east  for  over  30  miles,  when,  in  the  southern 
corner  of  Franklin  county,  just  above  Livermore  falls,  it  bends  sharply  toward  the  right,  and  for  over  30  miles 
flows  almost  directly  south,  traversing  Androscoggin  .county.  For  the  rest  of  its  course  for  about  24  miles  it  flows 
southeast,  emptying  into  Merrymeeting  bay,  after  forming  for  several  miles  the  boundary  between  Cumberland  and 
Sagadahoc  counties.  The  total  length  of  the  stream  proper,  along  its  course,  is  probably  about  160  miles,  but 
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from  the  remotest  sources  of  Ibe  Magalloway  the  distance  is  200  miles.  The  basiu  is  about  110  miles  long,  with  a 
maximum  width  of  70  miles.  The  total  area  drained  measures  3,698  square  miles,  of  which  2,967  lie  in  Maine  and 
731  in  New  Hampshire.     The  principal  tributaries  are  given  in  the  following  table: 


Name  of  stream 


Little  Androscoggin  river  {from  right  bank) . 
Twenty-Mile  river  (from  the  right  bank)  . 

SabattuB  river  (from  the  left  bank) 

Dead  river  (from  the  left  bank) 

Webb's  river  (from  the  left  bank) 

Swift  river  (from  the  left  bank) 

Ellis  river  (from  the  left  bank) 

Magalloway  river  (headwaters) 

Outlet  of  lakes , 


Wbrro  IV- 
t'tivcd. 


Aubxirn  . 
Tumor  . . 
Lisbon  — 

Leeds 

Dixfleld  . 
Mexico  .. 
Rumford. 


-- 

Leiiglli.(a) 

Breadth,  (a)! 

Mil.K. 

Miles. 

80 

15 

10 

13 

16 

7 

22 

6 

17 

11 

22 

8 

18 

13 

37 

18 

50 

20 

Area. 

Length  of 
stream,  (a) 

Sq.  miles. 

Miles. 

381 

40 

180 

25 

100  ± 

138  ± 

28 

169 

23 

24    j 

175 

25    1 

416 

50 

.760 

68 

a  Wells. 


The  draiuage  basin  of  the  Androscoggin  is,  as  a  whole,  probably  more  elevated  than  any  other  liydrographic 
basin  on  the  Atlantic  coast,  the  sources  of  the  Magalloway  lying  at  elevations  of  from  2,600  to  2,900  feet,  while 
the  Umbagog  lakes  are  from  1,256  to  1,511  feet  above  the  sea.  The  upper  part  of  the  basin  is  very  broken  and 
mountainous,  and  very  thickly  wooded.  In  its  course  in  New  Hampshire  the  stream  flows  almost  directly  toward 
the  highest  and  most  massive  range  of  the  White  mouutaius,  approaching  within  10  miles  of  the  summit  of  Mount 
Washington,  but  at  Gorham  this  barrier  turns  the  stream  abruptly  toward  the  casst.  Toward  the  lower  part  of  the 
basin  the  mountainous  character  of  the  country  is  lost,  and  the  forests  become  less  estensive.  The  fall  of  the 
stream,  however,  is  everywhere  large,  averaging  for  the  stream  proper  about  7.85  feet  per  mile,  or  larger  than  that 
of  any  large  stream  on  the  Atlantic  coast  which  we  have  yet  considered.  The  following  table  shows  the  slope- 
more  in  detail : 

Slope  of  tlie  Androscoggin  river. 


Place. 

Distance 

from 

mouth. 

Elevation 
above  tide. 

Distance 
between 
points. 

Fall 
between 
points. 

Fall 
per  mUe 
between 
points. 

Miles. 
0 

75 

100 

114 

128 

160 

186 

199 

Feet. 
0 

600  ± 

620 

690 

1,048 

1,256 

1,600 

Miles. 

}           - 

\           - 

1            32 

1             ^« 

■Feet. 

600 
20 
70 
358 
208 
344 
625 

Feet. 

8  0 
0.8 
5.0 
25.6 
6.5 
13.2 
48.1 

Head  of  Bnmford  falls 

Bethel  

. 

Head  of  Berllc  falls 

Head  of  river  proper 

2, 225        ' 

The  bed  of  the  river,  like  that  of  all  the  streams  on  the  southern  slope  of  Maine,  is  generally  rock  at  the  places- 
where  falls  occur.  The  banks  are  generally  high,  there  being  few  low  grounds  subject  to  inundation.  The  intervales 
are  narrow.  The  flow  of  the  stream  is  quite  variable,  on  account  of  the  mountainous  character  of  the  upper 
two-thirds  of  the  basin,  but  the  great  reservoirs  connected  with  it  have  of  late  years  been  considerably  improved, 
and  its  flow  therefore  rendered  much  more  constant  than  it  formerly  was.  The  extreme  range  from  high  to  low 
water  is  10  feet  at  Brunswick,  8  feet  at  Lewiston,  20  at  Eumford  falls,  and  28  at  Bethel,  showing  clearly  the 
increasing  variability  toward  the  mountain  region. 

The  number  of  lakes  in  the  basin  is  148,  of  which  133  are  in  Maine  and  15  in  New  Hampshire.  The  following 
tables  have  been  copied  from  Wells'  report,  and  the  numbers  have  been  liable  to  change  since  that  report  was. 
written :  ♦  125 
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Principal  reservoirs  of  the  Androscoggin  river  and  its  tributaries. 


Name. 


Taylor  pond  - 


Tipper  Eange  pond 

Middle  Eange  pond 

•  Lower  Eange  pond 

Tripp  pond 

Thompson  pond 

Hogan  and  Green  ponds  . . . 

Saturday  pond 

Moose  pond 

Matthews  pond 

•Great  Pennessewassa  pond 

North  pond 

Little  Pennessewassa  pond 

Sand  pond 

Hoose  (Paris)  pond 

Mad  and  flicks  ponds 

3ryant's  pond 

Tndianpond 

Twitchell  pond... 


Connected  with — 


Little     Androscog- 
gin river. 

...do 

...do 

...do  

...do 


Twenty-one  ponds. 


Pleasant  pond 

Brettun's pond 

Bear  pond 

South  pond 

Xoi"th  pond 

Bungermtick  pond 

Labrador  (two)  ponds 

-Pleasant  (Sumner)  pond. 


Nine  ponds  . 


Androscoggin  pond. . . 
'AVing's  pond 

Lovejoy's  pond 

~Pond  above  Lovejoy's. 
'Crotcbed  pond 

Parker's  pond 

David's  pond 

Tilton's  pond 


...do  . 
...do  . 
...do  . 
...do. 
...do  . 
...do. 
...do. 
...do. 
...do  . 
...do  . 
...do. 
...do  . 
...do. 
...do. 


Approxi- 
mate area. 


Twenty-Mile  river. 

...do 

...do 

...do 

..  db 

...do 

...do 

...do 


Dead  river. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


Sq.  miles. 
2.00 

0.85 
0.55 
0.50 
L25 
8.00 
1.40 
0.75 
0.80 
0.25 
2.50 
0.30 
0.30 
0.30 
0.35 
0.55 
0.60 
0.30 
0.35 


2L90 


0.60 
0.30 
1.05 
0.55 
0.75 
0.80 
0.35 
0.25 


4.65 


5.75 
1.00 
1.00 
0.20 
2.25 
3.10 
0.80 
0.25 


Storage 
(1869). 


Feet. 


4 
4 
4 

No  dam. 
6 

Dam . . . 


No  dam 


a  M3 

<1 


Feet. 


10 


12 


No  dam. 
15 
No  dam. 
..do... 
Dam  — 
..do  ... 
..do... 


Dam. 
..do  . 


6to8 

6  to  8 

6  to  8 

4 

3 

Dam . . . 


(a) 
(a) 
(?) 


(!) 


!>6 

(!2t0  4 

c2  to4 

(!2to4 

a2to4 

4 


Name. 


Connected  with — 


Plying  pond 

Kimball's  pond 

Mount  Vernon  pond . 


Eleven  ponds. 


Webb's  pond 

Swift  Elver  ponds  (three) . 

Ellis  pond 

Little  Ellis  pond 


Six  ponds. 


Sabattus  pond 

Wilson  pond 

Little  Wilson  pond 

Bates  pond 

Long  pond 

Eonnd  pond 

Moosehill  pond 

Whitney  pond 

Forest  pond 

Worthley  pond 

Concord  (two)  ponds 

North  pond 

South  pond 

Barnsidopond 

Umbagog  lake 

Welokeuebacook  lake  and 
the  pond  below. 

Molechunkemunk  lake  . . . 

Mooselucmaguntic  lake. . . 

Capsuptic  lake 

Eangeley  lake 

Quimby  pond 

Gull  (two)  ponds 

Long  pond 

Various  small  ponds 

Parmachene  lake 

John's  pond 

Kennebago  pond 


Dead  river. 

...do 

...do , 


Webb's  river  . 

Swift  river 

Ellis  river  .... 
...do 


Androscoggin  river 

...do 

...do  

...do  

...do  

...do  

...do 

...do  

..do 

..do 

...do 

..  do 

...do  

...do 

....do  

....do 


Thirty.six  ponds . 


...do  

...do 

...do 

...do  

...do  

...do 

....do  

....do 

Magalloway  river. . 

Kennebago  river. . . 

...do  


Approxi- 
mate area. 


Sq.  mUet. 
1.25 
0.25 
0.35 


16.20 


3.00 
2.25 
1.25 
0.85 


7.35 


4.00 
3.00 
0.20 
0.30 
0.35 
0.25 
0.25 
1.00 
0.25 
2.00 
0.65 
0.85 
0.80 
L50 
18.00 
11.15 

10.00 
21.00 
3.00 
14.00 
0.40 
0.80 
1.00 
1.00 
3.50 
1.50 
4.00 


Storage 
(1869). 


FeM.. 


Dam... 


Dam. 
...do  . 


Dam. 


Dam. 


W7 


105.85 


4  to  5 
4to5 


Dam. 
..do. 


^  9  ffi 

.2  S!2 


Feet. 


(o) 


2  or  3 


(1) 


(a) 


14 

20i 

14 
14 
10 


4 
10 


(«) 


a  Several  feet. 


b  With  large  damage. 


c  By  cutting  down  outlet. 


The  foregoing  83  principal  ponds  cover  156.25  square  miles,  but  the  aggregate  number  of  lakes  is  148,  and  the 
area  of  lake  surface  is  about  213  square  miles,  or  one- seventeenth  of  the  area  of  the  basin. 

No  detailed  data  are  at  hand  regarding  the  various  reservoirs,  except  for  the  large  lakes  at  the  head  of  the  river. 
The  following  table  is  from  Wells'  report : 


Name. 

Distance 

fi-om 

the  pre- 

cedmg 

lake. 

Height 
above 
tide. 

Differ- 
ence of 
level. 

XJmbacosT 

Miles. 

Feet. 
1,256 
1,456 
1,486 
1,511 

Feet. 

5 
1 
2 

200 
30 
25 

Mooselucmaguntic 

a  Molechunkemunk  and  Welokeuebacook  are  sometimes  classed  together  as  EichaidBon  lake. 


These  lakes  have  long  been  used  for  log-driving,  but  the  storage  on  them  is  now  controlled  by  the  Union 
Water-Power  Company,  of  Lewiston.  The  upper  dam,  between  Eangeley  and  the  lake  below,  was  built  in  1881, 
and  is  known  as  the  "Eangeley"  dam.    It  is  10  feet  high,  and  10  feet  can  be  drawn  from  the  lake.    The  next  dam, 
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known  as  the  "  upper"  dam,  is  below  Mooselucmaguutic  lake,  and  was  built  20  years  ago,  or  tliereabout.  It  is  1,435. 
feet  long  and  about  20  feet  laigh,  controlling  14  feet  on  the  lake.  The  next  dam  is  just  above  Umbagog  lake,  and  is 
known  as  the  "middle"  dam.  It  was  built  about  the  year  1879,  and  is  600  or  700  feet  long.  It  is  said  to  control 
a  depth  of  20J  feet  over  the  lake.  The  lowest  dam  is  at  Errol,  New  Hampshire,  below  the  mouth  of  the  Magalloway, 
and  is  14  feet  high,-  controlling  that  depth  on  lake  Umbagog.  No  power  is  used  at  these  dams  except  a  small  saw- 
mill at  the  upper  dam,  and  a  grist-  and  saw-mill  at  the  Errol  dam.  The  drainage  area  of  the  outlet  stream  from 
these  lakes  measures  about  760  square  miles.  It  seems  probable  that  the  capacity  of  the  lakes  is  more  than 
sufficient  to  render  available  the  maximum  with  storage  over  this  area,  and  it  is  clear  that  they  are  of  immense 
benefit  to  all  the  mills  below.  Assuming  that  they  render  available  the  maximum  with  storage  over  their  drainage 
basin,  and  taking  this  as  corresponding  to  15  inches  of  rainfall,  on  account  of  flic  dense  forests  with  which  they 
are  encircled,  they  would  allow  of  the  uniform  discharge,  throughout  the  year,  of  836  cubic  feet  per  second,  a  quantity 
which  would  afford,  taking  account  of  losses  by  evaporation,  on  the  total  fall  of  1,256  feet  to  tide-water,  a  gross 
power  of  107,000  horse-power,  and  at  Lewiston  alone  over  4,000  horse-power.  These  figures  might  be  varied  greatly 
according  to  the  manner  of  controlling  the  flow.  The  facilities,  then,  for  storage  in  the  basin  of  the  Androscoggin 
are  exceptionally  fine,  and  the  effect  of  the  reservoirs  is  to  offset  to  a  great  extent  that  of  the  mountainous  character 
of  the  country. 

The  mean  annual  rainfall  over  the  basin  is  about  46  inches,  of  which  11  fall  in  spring,  11  in  summer,  14  in 
autumn,  and  10  in  winter.  This  distribution  is  in  itself  favorable  to  constancy  of  flow,  and  unfavorable  to  a  large 
discharge,  but  it  is  evident  that  in  view  of  the  dense  forests  covering  the  upper  part  of  the  basin,  and  its  very 
mountainous  character,  a  larger  proportion  than  usual — I  should  think  50  per  cent,  or  over — will  nevertheless  be 
discharged  by  the  stream.  The  estimates  given  beyond  may  seem  high  to  some,  but  they  may  be  explained  by 
these  remarks. 

The  Androscoggin  is  quite  easily  accessible  at  most  points,  being  followed,  as  the  map  shows,  by  various 
railroads. 

From  its  mouth  to  the  foot  of  the  falls  at  Brunswick,  a  distance  of  6  miles,  the  river  is  tidal  and  navigable, 
the  rise  of  the  tide  at  that  point  being  2J  feet,  and  the  navigable  depth  at  high  water  5J  feet.  At  Brunswick 
there  are  two  dams.  The  upper  is  principally  of  wood,  but  partly  formed  of  the  natural  rock,  and  is  15  feet  high, 
ponding  the  water  about  700  feet.  The  fall  is  16  feet,  used  only  on  the  Brunswick  side  by  the  Cabot  Manufacturing 
Company's  cotton- mill,  with  800  horse  power.  Full  capacity  can  always  be  obtained,  and  there  is  always  a  waste. 
The  lower  dam,  a  few  rods  below,  is  also  about  15  feet  high,  and  power  is  used  on  both  sides,  the  fall  varying  with  the 
tide  from  about  11  to  14  feet.  On  the  left  bank  (in  Topsham)  the  Bowdoin  Paper  Manufacturing  Company  uses 
perhaps  750  horse-power,  and  a  small  amount  of  power  is  used  by  a  grist-mill,  a  saw-mill,  and  a  sash,  door,  and 
blind  factory.  The  method  of  distributing  and  owning  the  power  is  crude  and  indefinite.  There  is  sometimes  a 
lack  of  full  capacity,  on  account  of  the  water  being  held  back  by  the  mills  above  Brunswick,  and  during  three 
months  of  the  year  there  is  no  waste  in  the  daj^-time,  except  what  leaks  through  the  dam,  which  is  old  and  defective. 
On  the  Brunswick  side  are  the  Androscoggin  Pulp  Company,  two  saw-mills,  a  box-mill,  and  a  grist-mill.  Full 
Capacity  is  obtained  during  about  nine  months.  During  the  rest  of  the  year  there  is  lack  of  water  during  the  day- 
time, but  excess  at  night. 

The  falls  at  Brunswick  are  known  as  the  "  Pejepscot"  falls,  and  include,  besides  the  two  pitches  just  described, 
a  third,  about  2,000  feet  above  the  lower  one,  the  fall  there  being  between  11  and  12  feet,  once  used  by  saw-mills, 
but  now  unutilized.  The  total  fall  is  therefore  about  40  feet.  Wells  states  that  by  raising  a  dam  at  the  upper 
falls,  which  could  be  done  without  causing  much  flowage,  the  fall  at  the  upper  site  could  be  increased  to  25  feet, 
making  the  whole  fall  54  or  55  feet.  The  amount  of  power  available  depends  on  how  it  is  used  at  Lewiston,  the 
next  large  power  above.  Probably  the  minimum  flow  during  eleven  hours,  if  it  could  be  concentrated  into  that 
time,  would  be  not  less  than  2,800  cubic  feet  per  second,  affording  a  gross  power  of  318  horse  power  per  foot  fall. 
It  seems  probable  that  during  ordinary  years  the  flow  during  working  hours  would  always  be  as  much  as  3,000 
cubic  feet  per  second,  equal  to  410  gross  horse-power  per  foot.  The  power  is  an  excellent  one  in  all  respects,  and  if  a 
large  enough  pond  could  be  obtained  would  probably  afford,  on  a  fall  of  55  feet,  say,  22,000  horse-power  at  all  times 
in  ordinary  years.  Three  miles  above  Brunswick  is  a  site  where  a  small  fall  could  be  used,  but  which  may  become 
important  as  a  site  for  a  dam  to  be  used  for  storage.  The  topography  at  Brunswick  is  in  every  way  favorable  for 
a  more  extensive  utilization  of  the  power. 

The  next  power  above  Brunswick  is  at  Lisbon  falls,  11  miles  below  Lewiston.  There  are  two  falls,  the  total 
descent  being,  according  to  Wells,  33  feet  in  1,800  feet.  A  dam  is  built  at  the  foot  of  the  upper  falls,  and  is  10  feet 
high.  The  fall  used  is  13  feet  at  the  woolen-mill  of  the  Worumbo  Manufacturing  Company,  where  a  power  of  about 
400  horse-power  is  utilized,  with  a  waste  at  all  times.  At  the  lower  falls  there  is  now  no  dam,  and  no  power  is 
utilized.  The  topography  is  in  every  way  favorable  for  the  complete  utilization  of  the  power.  The  minimum  power 
available  continuously  may  be  estimated  at  about  142  horse-power  per  foot  fall,  or  4,686  horse-power  ou  a  fall  of  33 
feet;  while  during  ordinary  years  about  180  horse-power  per  foot  fall  could  be  obtained,  or  5,940  horse-power  on  a 
fall  of  33  feet.  Whether  a  pond  could  be  obtained  sufficient  to  store  the  water  at  night  I  am  unable  to  say.  This 
power,  with  that  at  Brunswick,  will  compare  favorably  with  any  powers  we  have  yet  met  with,  and  they  deserve 
further  examination.    Excellent  building  materials  may  be  obtained  in  close  proximity  to  both  places.      ^^^ 
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The  next  power  is  2  miles  below  Lewiston  falls,  known  as  the  "Lewiston  Lower  Power",  not  improved.  The 
fall  available  is  not  stated  by  Wells. 

The  next  power,  and  the  most  important  one  on  the  river,  is  at  Lewiston,  40  miles  by  the  river  from  the  ocean, 
and  just  above  the  mouth  of  the  Little  Androscoggin.  The  bed  is  solid  rock,  and  the  natural  fall  is  38  feet  in  a 
distance  of  600  feet,  but  a  dam  at  the  head  of  the  falls,  with  an  average  height  of  12  feet,  makes  the  available  fall 
about  50  feet.  The  pond  is  short— only  about  IJ  mile  in  length— and  is  not  sufQcient,  even  with  those  above,  to 
store  all  the  water  at  night  ia  dry  weather.  Power  is  used  on  the  left  bank,  the  fall  being  used  on  two  levels.  The 
fall  from  the  upper  to  the  lower  is  about  28  feet,  and  is  used  by  the  following  mills: 

1.  Lincoln  mills,  owned  by  the  Franklin  Company;  cotton-mills;  265  cubic  feet  of  water  per  second;  840  gross 
horse-power. 

2.  Bates  Manufacturing  Company's  cotton-mill ;  698  cubic  feet  per  second;  2,160  gross  horse-power. 

3.  Hill  Manufacturing  Company's  cotton  mill ;  544  cubic  feet  per  second;  1,685  gross  horse-power. 

4.  Saw-mill ;  27  feet  fall ;  50  horse-power. 

In  addition,  the  following  two  mills  take  water  from  the  upper  level,  but  do  not  discharge  into  the  lower  level : 

5.  Androscoggin  cotton-mills ;  37  feet  fall ;  387  cubic  feet  per  second  ;  1,628  gross  horse-power. 

6.  Lewiston  bleachery  and  dye-works;  34.74  feet  fall*;  131  cubic  feet  per  second;  516  gross  horse-power. 
The  water  from  5  and  6  is  used  by  the  following  two : 

7.  Androscoggin  cotton-mill  (lower  mill) ;  12.50  feet  tall,  483  cubic  feet  per  second;  686  gross  horse-power. 

8.  Cumberland  woolen-mill ;  12.50  feet  fall ;  40  (?)  cubic  feet  per  second  ;  57  gross  horsepower. 
The  fall  from  the  lower  level  to  the  river  is  about  22  feet,  and  is  used  by  the  following  mills : 

9.  Lewiston  cotton-mills ;  20.9  feet  fall ;  445  cubic  feet  per  second ;  1,059  gross  laorse-power. 

10.  Continental  cotton-mills ;  21.77  feet  fall ;  951  cubic  feet  per  second  ;  2,,353  gross  horse  power. 

These  last  mills,  however,  do  not  receive  the  water  from  the  Lincoln  mill,  which  goes  directly  to  the  following: 

11.  Home  Manufacturing  Company's  woolen-mill ;  17.7  feet  fall ;  90  cubic  feet  i)er  second ;  181  gross  horse-power.. 

12.  D. Cowan  &  Co.'s  woolen-mill ;  18.4  feet  fall ;  95  cubic  feet  per  second ;  199  gross  horsepower. 

There  is  also,  on  the  lower  level,  a  mill  belonging  to  the  water  power  company,  in  which  small  amounts  of 
power  are  leased,  nominally  at  so  much  per  horse-power,  but  no  measurements  of  quantity  are  made.    A  new  mill  ■ 
is  also  being  built  on  the  upper  level,  to  use  a  fall  of  50  feet,  and  about  100  horse-power. 

13.  Finally,  the  city  of  Lewiston  derives  its  water-supply  from  the  river,  taking  the  water  from  above  the- 
dam,  and  pumping,  by  water-power,  "  so  much  water  every  twenty-four  hours  as  600  horse-power  with  a  head  of 
25  feet  will  pump,  to  a  height  of  220  feet,  twelve  hours  in  every  twenty -four."  The  water  from  the  wheels  is 
discharged  into  the  river.  If  the  600  horse-power  refers  to  net  power,  the  quantity  of  water  which  can  be  pumped, 
according  to  the  above,  will  be  19  or  20  cubic  feet  per  second  during  twelve  hours ;  and  the  quantity  of  water  used 
for  pumping  would  be  about  282  cubic  feet  per  second,  making  in  all  some  300  cubic  feet  per  second. 

The  power  at  Lewiston  is  controlled  by  the  Union  Water-Power  Company,  organized  September  18, 1878,  and 
succeeding  the  Franklin  Company  in  the  ownership  of  the  canals  and  water-privileges.  The  old  water-power 
company  was  incorporated  in  1849,  and  the  first  improvements  were  begun  in  1850.  The  dam  iis  a  substantial  stone- 
structure,  extending  in  a  zigzag  direction  from  rock  to  rock.  The  upper  level  of  the  canal  is  about  4,200  feet  long, 
the  lower  level,  1,600.  The  company  leases  power  by  the  horse-power,  rates  varying,  according  to  circumstances,^ 
from  $2  50  to  $12  50  per  horse-power  per  annum,  being  cheaper  for  the  original  corporations.  These  prices  are 
for  the  net  power  on  the  shafts,  being  reckoned  in  all  cases  as  75  per  cent,  of  the  gross  power  due  to  the  quantity 
of  water  and  the  fall.  Measurements  are  not  made  regularly,  but  have  lately  been  made,  once  for  all,  to  determine 
the  quantity  of  water  used  by  each  mill.  Before  these  were  made,  the  power  used  was  only  guessed  at.  The 
company  obtained  control  of  the  lakes  at  the  head  of  the  river  in  1877,  and  has  since  improved  them,  their  onlv 
use  previously  having  been  for  log-driving  purposes.  Before  their  purchase  by  the  company  the  mills  were 
sometimes  short  of  water  iu  dry  seasons,  but  now  full  capacity  is  secured  the  year  round,  though  in  dry  weather 
there  is  no  waste  during  the  day-time.  No  steam  is  used  in  the  mills  wliich  have  been  named.  They  run  eleven 
hoars  a  day. 

It  will  be  seen  from  the  above  that  the  total  quantity  of  water  taken  from  the  upper  level  is  in  the  neighborhood 
of  2,350  cubic  feet  per  second,  or  would  be  if  the  city  were  to  pump  all  it  is  entitled  to.  The  daily  consumption 
of  water  in  Lewiston  for  the  year  1881  was  1,016,260  gallons,  or  about  135,500  cubic  feet, or,  supposing  this  pumped 
iu  twelve  hours,  about  3J  cubic  feet  per  second,  thus  requiring  a  total  quantity  of  water  equal  to  about  50  cubic  feet 
per  second.  The  total  quantity  of  water  taken  from  the  upper  level  is  thus,  at  present,  about  2,100  cubic  feet  per 
second  during  about  eleven  hours;  and  this  may  be  taken  as  the  minimum  flow  of  the  stream,  affording  a  gross 
])ower  of  about  238  horse-power  per  foot  fall,  or,  on  a  total  fall  of  50  feet,  11,900  horse-power  during  eleven  hours. 
Tliis  power  is,  of  course,  not  realized,  as  the  total  fall  is  not  completely  utilized,  but  over  11,000  gross  horse-power 
are  now  in  use.  Were  the  pond  of  greater  capacity,  the  power  available  during  working  hours  would  be  still  more 
increased.  No  trouble  is  experienced  with  freshets,  the  range  of  water  on  the  dam  being  but  8  feet.  The  drainage 
area  above  Lewiston  is  3,120  square  miles,  and  the  rainfall  is  about  the  same  as  given  on  page  79.    The  city  is 

within  6J  hours  of  Boston  and  1^  hour  of  Portland,  and  the  power  is,  no  doubt,  one  of  the  finest  in  New  England- 
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Two  miles  up  the  river,  at  Deer  rips,  there  is  an  uuiinproved  power,  stated  by  Wells  as  equal  to  2,500  horse- 
power. 

Teu  miles  above  Lewiston  are  Turner  Centre  falls,  with  12  feet  fall  and  good  location,  but  unimproved.  The 
minimum  power  during  twenty-four  hours  is  probably  not  less  than  100  horse-power  per  foot. 

Sixteen  miles  above  Lewistou  are  North  Turner  falls,  where  the  fall  is  13  feet,  and  the  bed  and  banks  are 
fa^■orable.  The  minimum  power  during  twenty-four  hours  is  probably  about  97  horse-power  per  foot,  or  1,261 
horse-power  on  a  fall  of  13  feet.    Wells  estimates  it  as  950  horse-power. 

The  next  power  is  at  Livermore  Falls,  where  the  natural  fall  is  22  feet  in  30  rods.  A  dam  at  the  head  of  the 
falls  raises  the  water  some  7  feet,  making  the  total  fall  29  leet ;  and  Wells  states  that  it  may  be  raised  7  feet  higher, 
making  the  total  fall  36  feet.  At  present  only  a  fall  of  14  feet  is  used,  for  mills  of  various  kinds,  using  only  a  smal! 
fraction  of  the  power.  The  minimum  power  available  during  twenty-four  hours  is  probably  not  less  than  80  horse- 
power per  foot  fall.    The  power  is  said  to  be  a  very  fine  one,  and  to  merit  further  development. 

Half  a  mile  above  Livermore  Falls  are  Otis  falls,  with  a  fall  of  14  feet  in  100  feet,  altogether  unimproved ;  and 
a  mile  and  a  half  above  are  French's  falls,  with  10  feet,  unimproved.  The  quantity  of  water  at  both -is  nearly 
the  same  as  at  Livermore  Falls. 

Three  miles  above  Livermore  Falls  are  Jay  Bridge  falls.  Wells  does  not  state  the  exact  fall,  but  estimates 
on  30  feet.  The  bed  and  banks  are  of  solid  rock,  and  the  location  is  said  to  be  unsurpassed.  The  minimum  power 
is  about  the  same  as  at  Livermore  Falls.  At  present  a  fall  of  12  feet  is  used,  but  this  can  no  doubt  be  greatly 
increased. 

At  Capen's  rips,  in  Canton,  a  fall  of  from  G  to  10  feet  occurs  in  160  feet,  now  unutilized,  though  the  site  is  said 
to  be  a  good  one. 

In  Eumford  we  encounter  the  largest  fall  on  the  river,  the  descent  being  162  feet  in  about  a  mile.  The  river 
is  but  90  feet  wide,  the  bed  and  banks  are  rock,  but  the  latter  suitable  for  building.  A  small  fraction  of  the  power 
is  used.  The  drainage  area  above  the  falls  is  about  2,223  square  miles,  and  in  the  following  table  I  have  estimated 
roughly  the  power  available : 

Estimate  of  potoer  at  Eumford  Falls. 


state  of  flow  (see  pages  8-10). 


Minimnin 

Minimnm  low  season  .. 
Maximum,  witli  storage 
Low  season,  dry  years  - 


Horse-power  available 
(gross),  continuoaely. 


lei  feet /all. 
10, 135 
11,340 
27, 621 
13,  252 


Wells  estimates  the  power  at  21,546  gross  horse-power  during  working  hours.  This  fall  is  about  75  miles  from 
tide,  and  its  head  is  about  600  feet  above  the  sea.  Wells  estimates  the  low-season  gross  power  from  this  point  to 
tide  at  85,200  horse-power  during  eleven  hours,  which  is  probably  not  too  large,  and  a  large  proportion  of  which  is 
no  doubt  available,  owing  to  the  favorable  condition  of  the  bed  and  banks.  The  falls  are,  unfortunately,  15  miles 
from  the  Grand  Trunk  railway,  and  therefore  rather  inaccessible. 

The  Androscoggin  has  some  falls  in  New  Hampshire,  the  principal  one  being  Berlin  falls,  where  the  river 
falls  nearly  200  feet  in  a  mile.  Little  power,  if  any,  is  used  at  this  place,  though  the  available  power  is  very  large. 
From  the  state  line  up  to  these  falls,  in  fact,  there  are  continuous  rapids,  affording  numerous  sites;  the  stream, 
however,  is  much  more  variable  here  than  lower  down,  and  very  little  of  its  power  is  used. 

It  is  evident  from  the  foregoing  that  a  large  number  of  excellent  powers  are  afforded  by  the  Androscoggin 
river.  If  we  compare  it  with  the  Merrimack  we  find  its  elevation,  at  the  junction  of  its  two  headwaters,  is  over  four 
times  that  of  the  Merrimack  at  Franklin,  while  its  drainage  area  at  that  point  is  about  the  same.  Its  drainage  area 
at  its  mouth  is  but  little  smaller  than  that  of  the  Merrimack.  Its  theoretical  power  must  therefore  be  considerably 
greater,  and  with  prudent  development  there  seems  no  reason  why  this  river  should  not  become  one  of  the 
principal  manufacturing  streams  of  New  England.  Its  reservoirs  are  not  so  extensive,  nor  so  completely  controlled 
as  are  those  on  the  Merrimack,  but  its  available  storage  is  much  larger  than  that  used,  so  that  the  flow  could  no 
doubt  be  made  ipore  uniform  were  it  considered  expedient  to  go  to  the  expense  of  doing  so. 

The  first  tributary  of  the  Androscoggin  which  is  met  with  as  the  river  is  ascended  is  Sabattus  river,  which 
empties  from  the  left  bank  in  Lisbon.  It  is  the  outlet  of  Sabattus  pond,  and  has  a  large  fall,  but  is  not  much 
utilized.  The  pond  covers  4  square  miles,  and  is  dammed,  so  that  the  flow  of  the  stream  is  quite  constant.  Wells 
mentions  falls  on  this  stream  aggregating  130  feet,  and  states  that  at  the  lower  site  a  power  of  175  horse- power  is 
used,  with  a  fall  of  10  feet.    The  stream  seems  an  excellent  one,  though  comparatively  small. 

The  Little  A  ndroscoggin,  which  enters  the  Androscoggin  from  the  west,  just  below  Lewiston  falls,  is  an  important 

tributary.     It  takes  its  rise  in  Oxford  county,  and  flows  in  a  southeasterly  direction  for  nearly  30  miles  in  a  straight 

line,  draining  a  total  area  of  about  381  square  miles.     Its  fall  is  large,  and  connected  with  it  are  a  number  of  lakes 

itud  ponds,  of  which  21,  with  a  total  surface  of  21.9  square  miles,  haVe  been  named  on  page  78.    Many  of  these 

1012  w  P— VOL  16 9 


129 


82  WATER-POWER  OF  THE  UNITED  STATES. 

being  dammed,  and  used  for  regulating,  its  flow  is  therefore  quite  constant,  and  it  is  considered  an  excellent  water- 
power  stream.  It  is  accessible  at  all  points,  being  followed  by  the  Grand  Trunk  railway  for  jts  entire  length.  The 
first  power  is  at  its  mouth,  the  fall  within  three-quarters  of  a  mile  from  the  Androscoggin  river  being  stated  at  70  feet. 
A  dam  10  feet  high  at  the  head  of  the  falls  affords  a  fall  of  12  or  15  feet  at  a  saw-mill,  only  a  small  amount  of  power 
being  used.  Half  a  mile  below,  a  wooden  dam,  30  feet  high,  affords  a  fall  of  35  feet  at  a  cotton-mill,  using  400 
horse-power,  which  can  always  be  obtained.  The  power  and  mill  are  owned  by  the  Little  Androscoggin  Water- 
Power  Company.  Of  the  total  /all,  from  10  to  20  feet  are  lost  at  times  of  extreme  freshet  in  the  Androscoggin,  at 
which  times  an  engine  is  run.  Judging  from  the  drainage  area  and  the  power  above,  the  minimum  available 
power  during  twenty-four  hours  would  be  about  500  net  horse-power  on  a  fall  of  35  feet. 

Wells  estimates  a  minimum  flow  of  366  cubic  feet  per  second  during  working  hours,  or  165  during  twenty-four 
hours,  the  latter  corresponding  to  a  gross  power  of  18.75  horse-power  per  foot,  656  horse  power  on  a  fall  of  35  feet, 
and  1,312  horse-power  on  a  fall  of  70  feet,  and  the  former  corresponding  to  1,431  horse- power  on  35  feet,  and  2,862 
horse-power  on  70  feet.     If  this  is  really  the  minimum  power,  the  stream  is  a  remarkably  constant  one. 

Two  miles  above  is  Eynson's  privilege,  with  an  available  fall  of  20  feet.  Wells  gives  the  power  as  840  horse- 
power during  eleven  hours. 

At  Mechanics'  Falls,  about  12  miles,  by  the  river,  from  its  mouth,  occurs  the  next  power,  there  being  three 
dams,  and  the  total  fall  being  about  37  feet  in  a  distance  of  950  feet.  At  the  head  of  the  falls'a  stone  dam,  12  feet 
high,  affords  a  fall  of  14  feet,  and  below  are  two  wooden  dams,  affording  falls  of  12  and  8  feet.  The  power  is  all  used 
at  the  paper-mills  of  the  Denison  Manufacturing  Company.  At  the  upper  fall  275  horse-power  are  obtained  during 
nine  months,  falling  at  times  to  175  horse-power  or  below,  and  a  steam-engine  being  run  during  about  three  months. 
There  being  no  waste  in  summer,  the  minimum  power  is  below  175  net  horse-power  continuously,  or  the  flow  is 
below  1 50  cubic  feet  per  second.  Wells  states  the  flow  as  20,000  cubic  feet  per  minute  during  ordinary  working  hours 
(meaning  about  eleven  hours),  or  154  cubic  feet  per  second  continuously.  I  think  it  probable,  however,  that  this  is 
too  great  for  the  minimum  flt)w. 

Next  above  is  Page's  mill,  with  a  fall  of  14  feet,  then  Hackett's  mills,  13  feet,  and  at  Minot  Corner,  13  feet. 
There  are  numerous  powers  above  this,  but  the  stream  is  small ;  it  is  evident,  however,  that  it  is  a  most  excellent 
one  in  all  respects. 

Two  and  a  half  miles  above  Le-wiston  Wilson  pond  empties  into  the  river.  It  covers  2,200  acres,  and  is  owned 
by  the  Union  Water-Power  Company,  of  Lewiston,  which  has  a  dam  at  the  outlet  13  feet  high,  and  uses  the  pond 
as  a  reservoir,  drawing  over  5  feet  from  it  in  dry  weather. 

Twenty-Mile  river,  which  enters  from  the  west,  in  Turner,  affords  considerable  power,  but  is  a  small  stream, 
and  cannot  be  described  in  detail.    It  drains  about  189  square  miles. 

Webb's  river,  which  enters  from  the  north,  in  Dixfleld,  drains  about  169  square  miles.  At  its  mouth  is  a  fall 
of  29  feet  in  a  distance  of  200  feet,  partially  utilized,  and  5  miles  above  it  is  a  fall  of  6  feet,  unoccupied.  The 
stream  is  the  outlet  of  Webb's  pond,  and  is  said  to  be  a  good  one  for  power.  The  lake  covers  3  square  miles,  and 
can  be  made  to  afford  a  storage  of  9  feet,  thus  much  improving  the  power  below.  The  stream  has  many  rapids 
and  falls,  mostly  unimproved. 

Swift  river,  emptying  from  the  north,  in  Mexico,  is  an  unimportant  stream.  Not  far  from  the  mouth  is  a  tall  of 
50  feet  in  half  a  mile,  and  above  it  are  Walker's  narrows,  with  16  feet  in  15  rods,  and  Weeks'  falls,  with  18  feet  in 
15  rods.  The  stream  has  few  ponds  connected  with  it,  however,  unlike  most  of  the  streams  in  the  vicinity,  and 
is  therefore  exceedingly  variable  in  its  flow,  so  that  the  powers  are  not  of  great  value.  As  its  name  implies,  the 
stream  has  a  rapid  descent,  and  affords  numerous  falls  and  rapids,  but  little  of  its  power  is  utilized. 

Ellis  river,  which  also  enters  from  the  north,  about  10  miles  above  the  mouth  of  Swift  river,  is  a  more  constant 
stream,  being  fed  by  several  ponds.  It  also  has  a  very  rapid  fall.  Wells  enumerating  Ave  falls  on  the  main  stream 
and  its  two  branches  aggregating  85  feet.  The  stream  drains  about  175  square  miles,  and  affords  many  sites 
besides  lihose  named  by  Wells.    Little  of  its  power  is  improved. 

Wild  river,  which  rises  in  New  Hampshire  and  flows  northeast,  entering  the  Androscoggin  in  Gilead  (Maine), 
is,  as  its  name  implies,  an  uncontrollable  stream.  Its  freshets  are  very  violent,  and,  although  it  has  abundant  fall, 
it  is  little  used.  It  is  a  true  mountain  stream.  The  same  may  be  said  of  many  of  the  remaining  tributaries  from  New 
Hampshire,  which  are  variable  in  flow  and  little  used.  Some,  however,  like  Clear  stream,  which  rises  in  Dixville, 
near  Dixville  notch,  and  flows  in  a  southerly  and  easterly  direction,  are  bordered  by  low  and  sandy  plains.  In 
general,  then,  the  power  of  these  tributaries  is  of  no  value.  "^ 

Of  the  two  headwaters  of  the  Androscoggin,  the  outlet  of  the  lakes  affords  no  power,  except  at  the  dams  which 
have  been  described.  The  lakes  are  allowed  to  flow  constantly  during  the  dry  season,  and  at  all  times  a  certain 
minimum  quantity  must  be  allowed  to  pass.  A  considerable  amount  of  power  is  available  at  these  dams,  but  the 
power  in  this  region  will  not  be  much  utilized  until  the  means  of  communication  are  better  than  they  are  now. 
Above  Berlin  falls  the  railroad  leaves  the  river,  and  the  headwaters  of  the  latter  flow  through  an  almost  unexplored 
wilderness,  covered  with  virgin  forests,  and  only  inhabited  by  hunters  and  lumbermen.  Little  is  known  regarding 
their  water-power.  Between  Umbagog  and  Eichardson  lakes  the  fall  is  200  feet  (see  page  78),  the  stream  connecting 
the  two  being  known  as  liapid  river,  only  5  miles  in  length.    The  bed  and  banks  are  good,  and  a  very  large  power 
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could  no  doubt  be  rendered  constantly  available  here.  At  all  the  storage  dams  large  powers  could  be  utilized ; 
and  some  of  the  tributaries  of  the  lalies  also  aiford  sites  for  power,  notably  Kennebago  river,  the  outlet  of 
Kennebago  pond. 

The  Magalloway  river  has  its  sources  in  the  northwestern  corner  of  Maine,  at  elevations  of  from  2,600  to  3,000 
feet.  Lake  Magalloway,  near  its  source,  at  an  elevation  of  2,225  feet,  covers  320  acres,  and  at  its  outlet  occurs  a 
cascade  some  20  feet  in  height.  The  stream  is  rapid  for  some  distance  from  the  lake,  but  then  becomes  very 
sluggish,  and  in  some  parts  of  its  course  ofi'ers  no  power  for  long  distances.  Its  length  is  33  miles  in  a  straight 
line,  or  39  following  the  principal  bends.  The  principal  power  mentioned  on  the  river  is  near  its  mouth,  at 
Ariscoos  falls,  which  extend  for  nearly  two  miles  along  the  river.  The  total  fall  is  said  to  be  in  the  neighborhood 
of  100  feet,  and  a  dam  8  feet  high  at  the  head  of  the  falls  would  back  the  water  over  20  miles,  thus  affording  ample 
storage.     The  river  drains  about  416  square  miles.    No  power  is  utilized  upon  it.  * 

THE  KENNEBEC  KTVER. 

The  Kennebec  river,  whose  basin  bounds  that  of  the  Androscoggin  on  the  east,  has  its  source  in  Moosehead 
lake,  the  largest  sheet  of  water  in  the  state  of  Maine,  covering  an  area  of  120  square  miles,  and  lying  partly  in 
Somerset  and  partly  in  Piscataquis  county,  at  an  elevation  of  about  1,023  feet  above  the  sea.  From  this  lake  the 
river  pursues  its  course  in  a  general  southerly  direction,  its  mouth,  in  Merrymeeting  bay,  lying  almost  directly 
south  of  the  outlet  of  the  lake,  and  about  115  miles  distant  in  a  straight  line.  The  stream  flows  through  Somerset, 
Kenuebec,  and  Sagadahoc  counties,  and  past  the  towns  and  cities  of  Skowhegan,Watervi]le,  Augusta,  and  Gardiner. 
Its  total  length,  from  the  outlet  of  the  lake  to  the  ocean,  is  155  miles  ;  from  the  sources  of  Moose  river,  the  principal 
tributary  of  the  lake,  227  miles;  from  the  lake  to  Augusta,  the  head  of  tide  and  of  navfgation,  112  miles.  The  river 
drains  a  total  area  of  about  6,400  square  miles,  and  the  map  shows  the  form  and  dimensions  of  the  basin.  The 
principal  tributaries  are  the  following : 


Kame  of  stream. 

Where  received. 

rrom 
which  side. 

Length,  (a) 

Drainage 
area. 

Cobbossecontee  river 

Emerson  river 

ftarrliner 

•  Right.  ■ 
1   Left.     1 

Miles. 
36      : 
42 
60 
43 
64 
70 
59 
25 

Sq.  miles. 

292 
a  185 

666 

366 
1,021 
a  650 
1,088 

167 

WatervUle 

Starks 

Anson 

Moosehead  lake  ■ . 

Wesserunsett  river 

Skowhegan    

a  Wells, 


The  greater  part  of  the  drainage  basin  lies  to  the  west  of  the  river,  and  is  hilly  for  60  miles  northward  from 
the  sea.  Above  that,  in  Somerset  county,  the  hills  subside  into  low  undulations,  but  about  the  confluence  of  Dead 
river,  mountains  close  in  upon  the  river  and  cover  the  whole  breadth  of  the  basin,  while  in  the  viciuity  of  Moosehead 
lake  the  mountains  recede  or  disappear,  and  the  valley  opens  into  a  broad  plain  country.  The  northwest  part  of 
the  basin  is  very  rough,  being  covered  with  the  easterly  offsets  of  the  White  mountains.  The  soil  is  gravel,  sand, 
clay,  and  loam;  the  prevailing  rocks,  gneiss  and  mica-schist,  and  good  building  stones  ate  abundant.  Parts  of  the 
basin  are  very  thickly  wooded,  and  it  was  estimated  in  1869  that  two-thirds  of  the  basin  was  covered  by  forests. 
The  elevation  of  the  basin  is,  on  the  whole,  less  than  that  of  the  Androscoggin,  owing  to  its  greater  distance  from 
the  White  Mountain  highlands.  Some  isolated  mountains  occur,  however,  which  number  among  the  loftiest  peaks 
in  Maine.    Tj'he  following  taWe  gives  some  idea  of  the  slope  of  the  river : 

Slope  of  the  Kennebec  river. 


Place. 


Konth,  Merrymeeting  bay. . 

Angosta 

Head  of  Kendall's  Millrrips 

Iforridgewook 

Top  of  dam,  Madison  bridge 

Head  of  Caratnnk  falls 

Moosehead  lake 


Distance 

from 
montb. 


Miles. 
0 

26  ± 

48  ± 

66  ± 

79  ± 

.  go± 

138  ± 


Elevation 
above 
tide. 


0 

0 

91 

138 

233 

316 

1,  023^ 


Distance 
between 
points. 


Miles. 

■  26 

■  22 

I  18 

I  ^^ 

I  " 

:  48 


PaU 
between 
points. 


Feet. 

0 
91 
47 
95 


Fall 

per  mile 

between 

points. 


Feet. 

0 
4.1 
2.6 
7.3 
7.5 
14.7 
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The  average  fall  of  the  stream  from  tbe  lake  to  Augusta  is  9.1  feet  per  mile,  or  greater  than  that  of  the 
Androscoggin. 

The  bed  and  bauks  of  the  river,  below  the  mouth  of  Dead  river,  are  in  every  way  favorable  for  power.  Between 
that  point  and  the  lake,  in  which  distance  the  fall  is  stated  as  in  the  neighborhood  of  500  feet,  the  distance  being 
about  28  miles,  the  river  is  for  the  most  part  "  a  torrent,  walled  in  by  steep  precipices  of  rock  from  20  to  50  feet 
in  height",  so  that  only  a  part  of  the  power  could  be  put  to  use  without  excessive  outlay. 

The  rainfall  over  the  basin  is  about  43  inches,  of  which  11  fall  in  spring,  10  in  summer,  12  in  autumn,  and  10 
in  winter.  The  flow  of  the  stream  is  tolerably  constant,  and  could  be  made  much  more  so  by  the  systematic 
improvement  of  the  reservoirs  connected  with  it.  The  average  range  from  lowest  to  highest  water  is  7  feet  at 
Augusta,  8  at  Waterville,  12  at  Skowhegan,  above  the  falls,  and  18  below,  and  from  15  to  20  feet  at  points  above 
Skowhegan.  The  A»ariability  of  the  flow  is  chiefly  due  to  the  mountainous  character  of  the  upper  part  of  the 
drainage  basin. 

The  following  tables,  from  Wells,  give  the  principal  reservoirs  of  the  Kennebec  and  its  tributaries : 


Name. 


Connected  ■witli— 


Approxi- 
mate area. 


Storage 
(1869). 


.2(2 


Name. 


Connected  with- 


Approxi- 
mate  area. 


Storage 
(1809). 


Snow  pond 

Long  pond 

Great  pond 

Riclimond  pond 

McGrathpond 

Little  pond 

East  pond 

North  and  Little  ponds. 


Bmerson  stream . 
...do  


.do  . 
.do. 
.do. 
.do. 
.do. 
.do. 


Nine  ponds . 


Big  pond 

Clearwater  pond 

Novcrosspond 

Cheaterville  (six  small  ponds) 

Wilson's  pond 

North  pond 

Taylor  pond 

Sandy  river  (four  ponds) 

Lnfkin  pond 

Sylvester  pond 


Sandy  river. 

...do 

....do 

....do 

...do....... 

....do  

....do 

....do , 

...do 

-...do 


Eighteen  ponds. 


Eahipond 

Sandy  pond 

Embdenpond 

Hancock  pond 

Spruce  pond 

Eowe  pond 

Oilman's  pond 

Judkin's  pond 

Butler  pond 

Porter's  pond 

Tuft's  pond 

Dntton  pond 

(Jerusalem  pond 

Middle  Carrying-place  pond 


Carrabasset  river. 

....do  

...do  

do  4 

...do 


.do. 

do  . 
.do. 
.do  . 

do. 
-do. 
.do. 
.do. 
.do. 


Fourteen  ponds. 


Spencer  pond Dead  river. 

Pond  in  No.  5,  K.7 do  . 

Great  pond do 

King  &  Bartlett  pond do 

Long  pond do , 

Flag-staff  pond do 

Carrying-place  pond do 

"Jiin"pondinNo.l,  E.  B,r.Co' do 

a  With  large  flowage.  b  Several  feet. 
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Sq.  miles. 
5.15 
4.85 
9.00 
0.85 
0.75 
0.35 
2.50 
4.00 


Feet. 

4  to  5 

lto2 

Dam... 


Feet, 
ai 


27.45 


1.00 
1.75 
0.35 
2.00 
L25 
LOO 
0.20 
LOO 
L25 
0.30 


Dam . . . 
7 
Dam .  - . 


4  or  5 
5 

(?) 


(b) 


Dam. 


10.10 


0.60 
0.40 
3.50 
LOO 
0.35 
0.70 
0.50 
0.75 
0.40 
LOO 
0.50 
0.20 
0.30 
0.30 


12 
(6) 


Dam. 


Dam.. 


8 
Dam . . . 
Dam . . . 


(W 
(6) 
(6) 


10.20 


6.00 
0.50 
4.00 
LOO 
2.00 
3.00 
2.00 
1.00 


4 

0 

(c) 


5  too 


8 


5 

(») 
5 

2 


Timbrook  pond,  in  No.  2,  E.  4. 
Chain  (three  ponds) 


Twelve  ponds. 


Brassua  lake 

Misery  pond,  in  No.  2,  E.  7. . 

Parlin  pond 

Long  pond 

Wood  pond 

Little  and  Big  Wood  ponds  . 

Att ean  pond 

Holebpond 

Thorndike  (two  ponds) 


Eleven  ponds . 


China  pond 

Patte's  pond 

Lovejoy's  pond 

Sandy  pond 

Twenty-flve.mile  pond. 

Carlton  Bog  pond 

Plymouth  pond 

Skinner's  pond 

Stetson  pond 

Newport  pond 

Corinna  pond 

Dexter  pond 

Palmyra  (two  ponds)  - . . 

Stuart's  pond 

Indian  pond 

Little  Indian  pond  

Weymouth  pond 

Eogers  pond 

Mill  pond 

Moose  pond 

Stafford  pond 

Starbird  pond 

Barker's  pond 


Twenty -four  poods  . 


Madison  pond 

Wentworth  pond  . 

Baker's  pond 

Wymanpond 

Weeks' pond 


Dead  river. 
...do , 


Sq.  miles. 
L25 
5.00 


Feet. 


Moose  river. 

...do  

...do  

...do 

..  do 

.-.do 

.,  do 

..do 

..do  ...... 


Sebasticook  river 
..  do 


.do  . 

do  . 

do 

do  . 

do  . 

do  . 
.do  . 
.do  . 

do  . 
.do. 

do. 

do. 
.do. 

do. 

do. 

do. 

do. 

do. 
.do. 
.do. 

do. 


■Wesaortmsett  river 

...  do 

...do 

...do 

...do  


24.75 


6.00 
L50 
2.75 
8.00 
3.00 
L35 
5.00 
3.00 
LOO 


31.60 


6.30 
0.85 
0.70 
0.95 
4.25 
1.75 
3.00 
0.70 
2.50 
7.50 
0.60 
S.OO 
0.60 
0.80 
2.50 
0.35 
0.40 
0.90 
1.10 
0.60 
0.35 
0.35 
0.35 


2 
10 


Dam. 


48.30 


3.00 

1.00 

0.75 
0.60 


C  Nodam 
(No  dam 
No  dam. 
6 


c  Considerable. 


Five  ponds 5.35 

Formerly.  e  On  one  pond.  /  On  other  pond.  jr  Or  niore^ 


Feet. 


m 


m 


/« 


m 


(c) 


fflO 


3 

10. 

(«). 

0. 
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Kame. 


Webber  pond 

Thrce-milo  pond 

Sibley  &  Monill  pond 

Loujipoud , 

Austiu  (five  puuds) 

Hubiimou's  pond 

Ploasaut  pond 

Mores  Bog  Stream  pond 

Otter  (two  ponds) 

Obase  (tJii  ee  ponds) 

Mosquito  pond 

Mosie  pond 

Lower  Baker  poud 

Bbick  stream,  lower  pond 

Black  stream,  upper  pond 


Connected  with— 


Kennebec  river. 

...do  

...do  

...do 

...do 

....do  

...do 

...do 

...do 

...  do 

...do 

....do 

...do 

...do 

...  do 


Approxi- 
mate area. 


Sq. 


mUe». 
2.10 
2.00 
2.00 
0.05 
3.20 
0.75 
3.15 


0.50 
1.00 
1.00 
7.00 
1.00 
1.25 
0.60 


Storage 
(1860). 


Feet. 


s  . 


•2 1 

.Cm 


Feet. 


olO 

(!) 


Name. 


Pierco  pond 

Lower  Carrying-place  pond 

Cold  Stream  pond 

Cbaee'a  Stream  pond 

Indian  pond 

Moosehead  lake 

Lower  Koachpond 

Middle  Boacb  pond 

Upper  Boacb  pond 

Tomhegan  pond 

Spencer  pond ". 

"Western  ontlet  (three  ponds) 

Thirty-six  ponds 


Connected  with— 


Kennebec  river. 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...dd 

...do 


Approxi- 
mate  area. 


Sq.  miles. 
3.50 
1.00 
1.25 
0.60 
6.00 
120.  00 
5.00 
2.50 
3.00 
0.75 
1.60 
1.25 


173.  25 


Storage 
(I80B;. 


Feet. 
10 


12 
8 
8 


Dam . .  - 
No  dam. 
4 


00^ 

SI 
.s.S 


Feet 


ib) 


12 


c4 
4 


a  On  Morrill  pond.  b  High  dam.  c  By  cutting  down  outlet. 

The  above  are  all  tributary  to  the  river  above  the  head  of  tide;  the  followia<?  empty  bslow  that  point: 


Name. 


Pleasant  pond  . 


First  Purgatory  pond.-.  — 

Second  Purgatory  pond 

Third  Purgatory  pond 

Oochnewagan  pond 

Wilson's  pond 

Cobbosseecontee  Great  pond. 

Narrows  pond 

South  pond 

North  pond 

Carleton  pond 

Greely  pond 


Connected  with — 


Cobbosseeco  n  t  e 
river. 

...do  

...do  

...do  

...do 

...do 

...do 

...do 

...do  

..  do 

..  do 

..  do 


Approxi- 
mate area. 


Sq.  miles. 
1.50 

0.70 
0.50 
0.20 
1.00 
0.90 
a  00 
0.90 
1.95 
3.00 
0.40 
0.85 


Storage 
(1869). 


Feet. 
4 

3 
Dam... 


s 

s  . 

_3 


Feet. 
6 


(»)  0 
0 


Name. 


Sanborn's  pond  . 


Desert  pond  . . . 
Jimmy's  pond  . 


Fifteen  ponds . 


Nequosset  pond 

Worromontogus  pond 

Small  ponds  in  Augusta  . . 
Great  swamp  in  Dresden  . 

Eight  ponds 


Connected  with — 


Cobbosseeco  n  tee 
river. 

..  do 

...do 


Kennebec  river . 

...do 

..  do 

...do  


Approxi. 

mate  area. 


Sq.  miles. 
0.30 

0.30 
0.30 


0.80 
1.75 
1.50 
0.90 


Storage 
(1809). 


Dam. 


Feet. 

(!) 


The  foregoing  ISli  principal  ponds  have  a  total  area  of  357.15  square  miles.  The  total  number  of  ponds  in  the 
basin  is  311,  with  a  total  area  of  450  square  miles,  or  1  square  mile  to  every  14.2  square  miles  of  basin.  Moosehead 
lake,  the  princii>al  reservoir,  at  the  head  of  the  stream,  has  a  drainage  area  of  about  1,296  square  miles.  A  dam 
raises  the  water  about  8  feet,  and  by  cutting  down  the  outlet  a  storage  of  10  or  12  feet  can  be  had.  The  present 
storage  of  8  feet,  however,  is  probably  sufficient  to  render  available  the  maximum  power  possible  permanently, 
although  a  greater  storage  would  be  advantageous  in  most  years.  The  lake  is  at  present  not  controlled  at  all  for 
manufacturing  purposes,  but  only  by  lumbermen,  for  log-driving.  Its  value,  however,  as  a  regulator  of  flow  is  very 
great. 

It  may  not  be  uninteresting  to  insert  here  a  table  showing  the  principal  features  of  the  great  reservoirs  we 
have  hitherto  met  with,  and  the  relation  they  bear  to  the  streams  they  feed.  In  studying  this  table,  it  must  be 
remembered  that  only  the  principal  reservoirs  of  the  large  streams  are  named,  and  that  they  have  numerous 
smaller  ponds  which  have  considerable  influence  on  the  flow  of  the  stream  at  its  lower  parts.  This  is  the  case 
with  the  Merrimack,  Androscoggin,  Kennebec,  and  Kennebasis.  Other  things  equal,  a  stream  is  more  favorable 
the  smaller  the  distance  from  the  reservoir  to .  the  lowest  power.  The  greater  the  ratio  of  the  capacity  of  the 
reservoir  to  its  drainage  area,  the  more  favorable  the  stream  in  its  upper  part,  and  if  this  ratio  is  over  0.35,  it  is 
probable  that  the  maximum  with  storage  is  available  at  the  outlet  of  the  reservoir,  {a)  The  greater  the  numbers 
in  the  last  two  columns  the  better  the  stream.  It  will  be  seen  from  this  table  that  few  streams  are  superior  to  the 
Kennebec  as  regards  reservoir  capacity.  It  is  fully  equal  to  the  Merrimack,  as  shown  by  the  numbers  in  coUiraus 
10  and  12,  and  only  surpassed  by  some  smaller  streams  whose  reservoirs  are  larger  in  proportion : 


a  It  is  not  certain,  because  the  storage  capacity  is  not  exactly  known. 
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Table  lomparing  reservoir  capacity  of  some  New  England  streams, 

[Note. — Tlie  figures  in  the  last  four  eolumna  are  in  most  cases  only  approximations.] 


Name  of  stream. 


Merrimack  river . 


Winnipiseogee  river  . 


New  Found  river. 
Sqnam  river 


Principal  reservoirs. 


I 


„,_-„.  '  Hoin  poud 

Salmon  Falls  river i\ 

1  Milton  Three  ponds 


Presnmpsoot  river  . 


Androscoggin  river . 


Kenneljec  river . . . 
Kennebasis  river  . 


Chiputneticook-river. , 


Lake  "Wiunipiseogee,  etc 

Ilfew  Found  lake 

Squara  lake 

Lake  "Winnipiseogee 

Smith's  pond 

Great  bay,  etc 

New  Found  lake 

Sqnain  lake 

Great  East  pond 


Other  ponds 
Sebago lake 
TJmbagog  lake 
fiichardson  lake 
Mooselucmaguntic  lake 
Cupsupticlako 
Eangcley  lake 
Moosehead  lake. 

Big  lake 

Grand  lake 

Chipufneticook  Lower  lake 
Chlputneticook  Grand  lake 


a  Distance  from  Lawrence  to  Franklin  i  110.1  miles;  length  of  Winnipiseogee  river:  12  miles;  in  all,  122  miles  ±. 

The  flow  of  the  Kennebec,  though  now  quite  variable,  might  be  rendered  much  more  uniform  by  the  systematic 
improvement  of  its  reservoirs. 

As  regards  accessibility,  the  stream  is  navigable  to  Augusta  for  small  vessels,  and  even  to  Waterville,  boats 
being  locked  over  the  Augusta  dam.  The  stream  is  easily  accessible  by  rail  as  far  up  as  Caratunk  falls,  but  above 
that  point  it  is  difficult  of  access,  the  nearest  railroad  points  being  ITorth  Anson  and  Blanchard,  the  former  over 
40  miles  from  the  lake,  the  latter  over  20  miles  from  lake  and  river. 

As  the  stream  is  ascended,  the  first  power  is  met  at  Augusta.  A  crib-dam  with  sloping  face,  17  feet  high  and 
956  feet  long,  ponds  the  water  for  17  miles  to  Waterville,  the  average  width  of  the  pond  being,  perhaps,  500  or  600 
feet.  The  old  dam,  built  a  good  many  years  ago,  was  carried  away  by  an  ice-freshet  in  the  spring  of  1870,  and 
was  at  once  rebuilt.  Prom  the  dam  a  canal  about  3,000  feet  long  extends  along  the  west  bank  of  the  stream, 
where  the  mills  are  situated.  The  fall  varies  a  little  with  the  tide,  which  is  said  to  rise  2  feet,  but  the  level  of  the 
water  can  be  raised  a  foot  by  flash-boards,  and  the  average  fall  is  about  17  feet. 

The  power  Is  owned  by  the  Edwards  Manufacturing  Company,  recently  organized,  but  it  formerly  belonged 
to  the  A.  &  W.  Sprague  Manufacturing  Company,  of  Ehode  Island.  Power  is  used  by  two  cotton-mills  belonging 
to  the  company,  using  together  in  the  neighborhood  of  600  horse-power,  and  a  number  of  small  mills  of  various 
kinds— grist-mills,  box  factories,  sash,  door,  and  blind  factories,  etc.— the  buildings  and  wheels  all  belonging  to  the 
company,  and  power  being  rented  at  special  rates,  according  to  circumstances.  The  total  power  used  on  the  west 
bank  is  perhaps  about  700  horse- power,  while  on  the  east  bank  a  saw-mill  uses  about  200  horse-power.  The  cotton- 
mills  were  not  running  in  1882,  but  it  was  expected  to  start  them  at  the  end  of  that^  year.  No  steam  is  in  use  in 
any  of  these  mills,  and,  except  in  heavy  freshets,  there  is  always  a  very  large  excess  of  water-power.  In  freshets 
the  fall  is  sometimes  reduced  considerably.  In  1878  the  water  is  said  to  have  risen  13  feet  on  the  dam  and  20  feet 
below  the  dam,  but  such  rises  are  very  rare.  In  the  ice-freshet  of  1870,  when  the  old  dam  was  carried  away,  the 
water  was  dammed  up  below  the  city,  rising  some  25  feet  below  the  dam. 

The  drainage  area  above  Augusta  measures  about  5,900  square  miles.  Wells  states  that  in  the  summer  of  1866 
the  flow  was  found  to  be,  at  a  time  when  the  stream  was  lowest,  2,167  cubic  feet  per  second  continuously,  but  adds 
that  the  summer  rainfall  was  large  in  that  year,  and  estimates  the  minimum  flow  at  1,300  cubic  feet  per  second. 
Estimates  are  liable  to  considerable  error  in  the  absence  of  gaugings,  but  I  should  judge  thte  power  at  Augusta  to 
be,  at  its  minimum,  not  less  than  that  given  by  Wells,  and  probably- greater. 

If  we  assume  the  flow  as  1,500  cubic  feet  per  second  continuously,  the  gross  power  would  be  170  horse-power 
per  toot,  or  about  2,900  horse-power  on  a  fall  of  17  feet.    In  the  low  season  of  ordinary  years  the  power  would' 
probably  be  20  or  25  per  cent,  greater.    The  pond  is  large  enough,  moreover,  to  allow  of  thepower  being  considerably 
increased  during  working  hours. 
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Augusta  in  very  favorably  situated  as  regards  accessibility,  botli  by  sea  and  by  land,  being  only  cigbt  hours 
from  Boston.  The  river  is  open  up  to  the  city  during  about  eight  mouths  of  the  year  to  vessels  drawing  10  feet. 
The  power  is  an  excellent  one,  and  merits  more  attention  than  it  has  hitherto  recei\'ed. 

The  next  power  is  at  Waterville,  at  the  head  of  the  Augusta  poud.  The  falls  at  this  place,  known  as  the 
"  Ticonic  falls",  amount  to  13  feet  in  a  few  rods,  over  a  ledge  of  bard  slate.  A  dam  750  feet  long,  built  in  1809, 
raises  the  water  7  feet,  and  affords  a  fall  of  20  feet,  with  a  race  1,000  feet  long.  A  power  of  about  2,000  horse-power 
is  used  at  two  cotton-mdls  and  a  grist-mill,  belonging  to  the  Lockwood  Company,  full  capacity  being  obtained  all 
the  time.  The  drainage  area  above  the  dam  is  about  4,475  square  miles,  and  I  should  estimate  the  minimum  power 
roughly  at  about  135  horsepower  (gross)  per  foot  fall  during  tweuty-four  hours,  or  2,700  horse-power  on  a  fall  of  20 
feet.  This  power  would  be  greatly  exceeded  in  ordinai-y  years.  The  available  power  is  thus  about  the  same  as 
at  Augusta,  and  both  sites  are  entitled  to  rank  among  the  best  on  the  river.  The  pond  of  the  Waterville  dam, 
however,  is  only  40  rods  long,  so  that  the  storage  is  not  sutBcient  to  allow  of  the  concentration  of  the  power  into 
working  hours. 

The  next  fall  above  is  known  as  College  rapids,  where  the  uatuial  fall  is  10  feet  in  as  many  rods,  capable  of 
being  increased  to  20  feet  by  a  dam.  This  site  is  entirely  unimproved,  but  the  figures  above  enable  an  idea  to  be 
formed  of  the  power  available.  The  two  sites  together  would  probably  afford  a  minimum  power  of  at  least  5,000 
horse-power  continuously,  and  were  all  the  reservoirs  tributary  to  the  stream  systematically  improved  and  operated, 
"  not  less  than  8,000  horse-power.  The  topography  is  said  to  be  singularly  favorable  for  the  utilization  of  the  power, 
and  the  facilities  for  transportation  are  excellent. 

At  Kendall's  Mills,  in  Fairfield,  a  dam  across  the  river  gives  a  fall  of  22  feet  in  three-quarters  of  a  mile,  the 
power  being  owned  at  the  time  of  Wells'  report  by  the  Kendall's  Mills  Water-Power  Company.  At  Somerset 
Mills,  a  short  distance  up  the  river,  a  fall  of  12  feet  is  afforded  by  a  dam,  the  power  being  partially  utilized.  The 
power  at  these  two  places  is  about  the  same  per  foot  fall  as  at  Waterville. 

The  next  power  is  at  Skowhegau  falls,  in  the  town  of  Skowhegan.  The  total  fall  is  28  feet  in  half  a  mile, 
capable  of  being  increased  by  a  dam,  and  a  considerable  fall  being  in  o]ie  pitch.  The  bed  and  banks  are  rock,  but 
the  topography  is  only  moderately  favorable  for  the  location  of  mills,  and  the  power  is  only  jjartially  improved. 
The  town  is  accessible  by  rail.  The  drainage  area  above  the  dam  is  about  4,176  square  miles,  and  the  minimum 
power  may  be  roughlj-  estimated  as  about  120  horse-power  (gross)  per  footfall,  or  3,300  horse-power  on  a  fall  of  28 
feet  during  twenty-four  hours. 

The  next  power  is  iu  Norridgewock,  3  miles  above  the  bridge,  at  Bombazee  rips,  the  natural  fall  being  8  feet, 
capable  of  being  increased  to  12  feet  by  a  dam.  The  available  power  is  large,  the  quantity  of  water  being  nearly 
as  great  as  at  Skowhegan. 

We  next  come  to  the  Madison  Bridge  falls,  in  Anson  and  Madison,  the  largest  fall  on  the  river,  the  descent 
amounting  to  87  feet  in  2^  miles.  The  fall  consists  of  two  principal  pitches,  with  swift  water  between.  At  the 
upper  pitch  a  small  amount  of  power  is  used,  and  the  facilities  are  said  to  be  remarkably  good,  the  bed  and  banks 
being  rock.  The  ni,inimum  power  available  may  be  estimated  at  about  100  horse-power  (gross)  per  foot,  or  8,700  on 
the  entire  fall  during  twenty-four  hours,  only  a  small  fraction  of  which  is  utilized.  In  the  dry  season  of  an  ordinary 
year  the  power  would  probably  be  at  least  CO  per  cent,  greater,  or  160  horse-power  (gross)  per  foot,  and  during 
working  hours,  if  the  water  could  be  stored,  this  power  would  be  doubled.  This  magnificent  site,  which  is  easily 
accessible  by  rail,  is  worthy  of  further  investigation. 

The  next  power  is  Caratunk  falls,  in  Embden  and  Solon,  where  the  descent  is  20  feet  in  one  pitch,  capable  of 
being  increased  to  30  feet  by  a  dam.  The  topography  is  very  favorable,  and  the  minimum  power  is  perhapsabout 
85  horse-power  (gross)  per  foot  fall  continuously.  The  next  power  is  Stand-up  rips,  a  mile  above  the  forks,  with  20 
feet  fall  in  100  feetj  then  comes  Moxie  rips,  3  miles  above  the  forks,  or  mouth  of  Dead  river,  the  fall  being  15  feet 
in  20  rods.  Pour  miles  above,  at  the  Black  Brook  rips,  there  is  a  fall  of  20  feet  in  30  rods.  Two  miles  above  this 
the  rapids  commence,  "extending  9  miles,  and  in  .the  whole  distance  the  river  is  a  violent  torrent,  foaming  and 
boiling ;  the  fall  being  judged  not  less  than  300  feet  in  this  distance.  The  shores  are  bold,  in  part  precipitous,  and 
rising  to  a  height  of  100  feet  on  either  side"-  No  part  of  this  large  power  is  improved,  and  probably  a  large  portion 
of  it  could  not  be  utilized  except  at  great  cost.  This  power  is  the  last  on  the  river,  being  only  a  few  miles  below 
the  lake. 

It  is  evident  from  the  above  enumeration  that  the  powers  on  the  Kennebec  are  numerous  and  excellent. 
Tributaeies  op  the  Kennebec  eiver. — The  first  important  tributary  of  the  Kennebec  is  the  Cohbosseecontee 
river,  which  enters  from  the  west,  in  Gardiner,  draining  about  292  square  miles.  It  is  the  outlet  of  a  chain  of  lakes 
covering  over  21  square  miles,  and  rendering  the  stream  an^excellent  one  for  power,  for  its  fall  is  large  and  the  ponds 
are  sufficient  to  render  the  flow  quite  constant.  Within  a  mile  of  the  mouth  of  the  river  the  stream  falls  133  feet  to 
low  tide  in  the  Kennebec,  and  the  site,  known  as  the  Cobbosseecontee  falls,  is  utilized  by  a  number  of  mills.  The 
total  minimum  power  has  been  estimated,  according  to  Wells,  at  1,200  horsepower,  and  at  tlie  time  of  his  report  there 
were  eight  diims  at  this  place.  Above  this  point  there  are  other  powers  on  the  river,  of  which  two  are  in  West 
Gardiner,  each  with  a  fall  of  16  feet.     The  stream  is  an  excellent  one  for  power. 

In  Hiillowell  the  Yamjlian  siream  enters  from  the  west,  and  near  its  mouth  falls  IBS  feet  in  about  1,600  feet,  a 
part  of  he  power  being  used.     The  stream  is  small,  and  its  flow  is  very  variable,  being  unconnected  with  reservoirs. 
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Mcusalotiskee  or  Emersoii'ii  stream,  which  joias  tbe  Kennebec  hi  Waterville,  is  an  excellent  stream,  being  the 
outlet  ol'  reservoirs  covering  over  27  square  miles,  quite  sufficient  to  render  the  flow  very  constant,  and  probably 
the  maximum  with  storage  is  available.  The  length  of  the  stream,  from  the  lowest  pond  to  its  mouth.  Is  only  about 
5  miles,  but  the  total  fall  in  that  distance  is  not  less  than  164  feet,  the  greater  part  of  which  is  utilized  in  Waterville 
and  West  Waterville  by  mills  of  various  kinds.  The  greatest  fall  occurs  at  the  "  Cascade",  and  amounts  to  44  feet 
in  8  rods.  The  power  is  excellent.  There  are  other  privileges  on  the  upper  parts  of  the  stream,  between  the  ponds 
feeding  it,  but  none  of  importance. 

The  n«xt  tributary  of  importance  is  the  Sebastioook  river  which  has  its  sources  in  Penobscot  and  Piscataquis 
counties,  and  flows  in  a  southwesterly  direction,  joining  the  Kennebec  at  Waterville,  and  draining  about  1,088 
square  miles.  Though  a  number  of  ponds  are  tributary  to  it,  covering  in  all  some  50  square  miles,  the  area  of  lake 
surface  does  not  bear  such  a  large  proportion  to  the  area  of  the  basin  as  in  the  case  of  some  of  the  smaller  streams 
we  have  considered,  so  that  its  flow  is  probably  more  variable.  Its  fall  is  considerable,  being  over  170  feet  between 
Moose  pond  and  its  mouth,  a  distance  of  some  45  miles,  and  it  affords  a  number  of  good  powers.  In  a  distance. of 
5  miles  from  its  mouth  the  fall  is  22J  feet,  and  a  fine  power  is  said  to  be  possible.  A  mile  above  this  are  Lower 
falls,  with  12  feet  in  half  a  mile;  then  Upper  falls,  10  feet  in  a  mile;  and  then  Nine  Mile  rips,  8  to  12  feet  in  a  mile, 
part  of  this  power  being  improved.  Then  comes  Hunter's  mills,  7  feet  fall,  capable  of  being  increased  to  10  feet  or 
over;  then  Ferguson's  rips,  with  10  feet  in  15  rods,  in  Burnham  and  Clinton  Gore  townships;  then  Eel  Weir  rips,  8 
feet  in  80  rods,  in  Burnham  and  Pittsfleld ;  and  a  little  above,  Thirty-Mile  rips,  with  35  feet  in  a  mile  and  a  half.  This 
last  power  is  the  most  important  on  the  river,  and  is  said  to  be  favorably  situated,  with  good  facilities  for  utilization. 

The  tributaries  of  the  Sebasticook  also  afford  considerable  power.  In  Vassalboro'  som,e  power  is  obtained 
from  the  outlet  of  China  pond,  which  covers  an  area  of  4,000  acres  and  is  201  feet  above  tide.  Its  surface  is  raised  6 
feet  by  a  dam,  and  the  fall  of  its  outlet  stream  is  160  feet  in  its  course  of  6J  miles.  The  maximum  with  storage  is 
probably  available  in  this  case,  but  the  drainage  area  is  small.  Wells  gives  the  low  season  flow  as  145  cubic  feet 
per  second  during  eleven  hours,  and  this,  on  a  fall  of  160  feet,  would  afford  a  gross  power  of  2,637  horse-power.  A 
considerable  proportion  of  the  total  fall  is  utilized.  The  West  branch  of  the  Sebasticook,  which  joins  the  other,  or 
Bast  branch,  a  little  above  Thirty-Mile  rips,  in  Detroit  township,  is  the  outlet  of  Moose  pond,  which  covers  about 
9i  square  miles  and  lies  at  an  elevation  of  244  feet  above  tide.  Wells  mentions  the  following  falls  on  this  branch; 
Dougiass  ledge,  14  feet  in  150  rods;  Hathorn's  mill,  14  feet  in  40  rods;  Call  rips,  17  feet  in  200  rods,  these  three 
being  in  Pittsfleld ;  Upper  Sebasticook  falls,  1  mile  from  the  lake,  30  feet  in  75  rods,  in  Hartland ;  besides  others 
above  Moose  pond.  In  Detroit,  at  the  "Eips",  there  is  a  fall  of  30  or  40  feet  in  a  quarter  of  a  mile,  probably  on  the 
Bast  or  main  branch  of  the  river;  and  farther  up  this  stream,  and  especially  on  its  tributaries,  there  are  numerous 
powers  in  the  towns  of  Newport,  Plymouth,  Stetson,  Corinna^  and  others.  The  valley  of  the  Sebasticook  is 
followed  by  the  Maine  Central  railroad,  so  that  all  the  water-powers  on  the  stream  are  easily  accessible. 

The  Wesserunsett  river,  which  enters  the  Kennebec  in  Skowhegan,  from  the  north,  drains  about  167  square 
miles,  and  is  a  rapid  stream,  affording  numerous  sites,  many  of  which  are  unimproved.  The  flow,  however,  is  not 
very  constant. 

The  next  important  tributary  is  Sandy  river.  This  stream  takes  its  rise  in  the  western  part  of  Franklin 
county,  near  Eangeley  lake,  ac  an  elevation  of  1,868  feet  above  the  sea,  and  flows  first  in  a  southeasterly  direction 
for  about  32  miles,  when  it  bends  abruptly  and  flows  northeast  for  about  17 'miles  in  a  straight  line,  entering  the 
Kennebec  above  Bombazee  rips;  it  drains  about  660  square  miles.  Although  fed  by  a  few  ponds,  the  storage 
capacity  of  the  stream  is  small,  so  it  is  probable  that  its  flow  is  quite  variable.  Its  fall  is  large,  not  less  than 
1,700  feet  from  source  to  mouth,  but  the  greater  portion  of  this  occurs  where  the  stream  is  very  small  and  of  little 
value  for  power.  Nevertheless  it  offers  a  number  of  sites.  At  Dickerson's  rips,  in  Mercer  and  Starks,  about  8 
miles  from  the  mouth,  there  is  a  small  fall  of  8  feet.  The  minimum  power  would  be  probably  in  the  neighborhood 
of  10  horse-power  (gross)  per  foot  fall  continuously.  In  New  Sharon,  at  New  Sharon  falls,  the  fall  is  10  feet,  and  is 
partially  improved,  while  at  several  other  rapids  below  considerable  power  is  available,  though  but  little  is  used. 
At  Farmiugton  falls,  in  Chesterville  and  Farmington,  the  fall  is  16  feet,  only  partially  used.  In  Strong  there  are 
several  powers,  and  as  the  upper  parts  of  the  stream  are  approached  the  fall  becomes  very  rapid,  but  the  river 
seems  to  possess  no  remarkably  good  sites,  those  on  the  lower  parts  having  small  falls,  while  in  the  upper  parts, 
where  a  power  could  be  created  almost  anywhere,  the  flow  is  very  variable.  One  remarkable  fall  in  the  town  of 
Phillips,  only  a  few  miles  from  the  source  of  the  stream,  may  be  mentioned,  where,  in  a  distance  of  3J  miles,  the 
fall  amounts,  it  is  said,  to  not  less  than  300  feet. 

The  Garrahasset  or  Seven-Mile  river,  which  enters  the  Kennebec  at  Anson,  above  the  Madison  Bridge  falls, 
drains  about  366  square  miles,  and  has  a  rapid  fall,  but  its  reservoir  system  is  not  extensive,  and  its  flow,  like  that 
of  Sandy  river,  is  quite  variable.  Near  its  mouth  is  a  fall  of  50  feet  in  100  rods,  the  head  of  the  fall  being  above 
the  outlet  of  the  largest  pond  tributary  to  the  stream.  Four  and  a  half  miles  up  the  stream  are  Upper  Oarrabasset 
falls,  said  to  be  a  good  site,  but  only  partially  improved.  Numerous  sites  occur  above  this,  but  the  freshets  are 
quite  severe,  and  it  is  said  that  the  mills  are  sometimes  unable  to  operate  more  than  half  the  year.  Were  the 
reservoirs  connected  with  the  stream  improved  more  extensively,  the  power  would  probably  be  much  benefited. 

Numerous  tributaries  between  this  point  and  the  lake  empty  into  the  Kennebec  from  both  sides,  with  very 
steep  de-cents.     Thus,  in  the  town  of  Pleasant  Eidge,  the  Houston  stream  is  a  torrent  for  nearly  2  miles,  the  total 
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foil  being  estiuuited  at  300  feet.  Fall  hrool;  in  Solon,  falls  100  feet  in  a  quarter  of  a  mile,  and  the  AuMii  stream, 
in  Moscow,  falls  100  feet  in  half  a  mile.  These  stieams  are  generally  very  variable  in  flow,  but  some  of  tiiem  are 
connected  with  ponds,  which,  if  impioved,  would  add  greatly  to  the  vahie  of  their  power. 

Dead  river,  the  next  and  last  important  affluent  of  the  Kennebec,  has  its  rise  in  the  extreme  north  of  Franklin 
county,  almost  on  the  state  line.  Its  general  course  is  towaid  the  east,  and  it  enters  the  Kennebec  at  the  forks, 
or  about  22  miles  below  the  lake.  The  following  powers  are  mentioned  by  Wells:  Dead  Eiver  rapids,  extending 
from  the  foiks  to  Grand  falls,  a  distance  of  12  miles;  Grand  falls,  in  township  No.  3,  range  4,  Somerset  county, 
with  40  feet  fall,  nearly  perpendicular,  said  to  be  an  excellent  site;  Long  falls,  in  the  same  township,  a  mile  long, 
total  fall  30  feet,  and  a  large  pond  above  site  for  dam ;  Ledge  falls,  12  feet,  and  Swampscott  falls,  10  feet,  both 
unimproved,  in  township  No.  1,  range  5,  Franklin  county,  and  with  a  large  storage,  due  to  the  dam  just  above,  at 
the  outlet  of  Chain  pond,  which  covers  0  square  miles. 

The  outlet  of  Moxie  lake,  which  enters  the  Kennebec  just  above  the  forks,  from  the  east,  has  a  fall  of  over  166 
feet  in  a  distance  of  about  5  miles,  one  fall  of  95  feet  being  perpendicular.  The  pond  affords  considerable  storage, 
being  commanded  by  a  dam  6  feet  high,  and  the  power  is  doubtless  excellent,  though  comi)aratively  small.  Some 
of  the  tributaries  of  Moosehead  lake  afford  power,  but  little  is  known  regarding  them.  Th  e  principal  one  is  Moose 
river,  which  rises  at  an  elevation  of  over  3,000  feet,  and  consequently  has  a  fall  of  about  2,000  feet  in  its  course  of 
a  little  over  60  miles.     It  offers  numerous  powers,  mostly  unimproved. 

The  power  available  on  the  Kennebec  and  its  tributaries  is  evidently  very  large.  "Wells  estimates  the  power 
on  the  main  stream  alone,  between  Garatunk  falls  and  tide-water,  during  a  dry  season,  as  101,000  horse-power 
during  eleven  hours ;  but  such  estimates  are  not  of  great  value.  It  is  clear,  however,  that  only  a  very  small  fraction 
of  the  power  available  on  the  main  stream  is  at  present  utilized. 

THE  SHEEPSGOT,  SAINT  GEOEGE,  ETC. 

The  area  lying  along  the  coast  between  the  basins  of  the  Kennebec  and  the  Penobscot,  and  comprising  about 
800  square  miles,  is  drained  by  a  few  small  streams,  which  merit  a  brief  notice. 

The  Sheepscot  river  takes  its  rise  in  the  exti'eme  west  of  Waldo  county,  and  flows  south  into  Lincoln,  its  length 
being  about  37  miles,  and  its  drainage  area  measuring  248  square  miles  above  tide-water.  The  Damariscotta  river 
is  the  outlet  of  the  pond  of  the  same  name,  and,  although  draining  only  about  46  square  miles  above  the  lowest 
fall,  is  of  considerable  importance  on  account  of  its  constant  flow,  the  storage  on  its  ponds  being  probably  sufficient 
to  render  available  the  maximum  with  storage.  The  Medomac  river  is  about  21  miles  long,  and  drains  about  118 
square  miles,  above  the  lowest  falls,  in  Waldo,  Knox,  and  Lincoln  counties.  Finally,  the  Saint  George  river  is  about 
35  miles  long,  and  drains,  above  the  lowest  falls,  about  228  square  miles,  principally  in  Waldo  and  Knox  counties. 

These  streams  have  generally  not  a  large  fall,  but  their  power  is  quite  weil  utilized,  being  near  the  coast;  and 
their  reservoirs  are  so  improved  as  to  render  their  flow  quite  constant.  The  whole  number  of  lakes  in  the  district 
is  seventy-two,  covering  50  square  miles,  or  1  square  mile  to  every  50  square  miles  of  drainage  area.  The  following 
table  (from  Wells)  gives  the  priiicipal  of  these  lakes  and  ponds : 

Principal  reservoirs  of  the  Sheepscot,  Saint  George,  etc. 


iN'ame. 


Sonthpond 

Iforth  pond  

SeveD-Tree  pond 

Orawford'3  pond 

Bonnd  pond 

Western  pond 

Senebeck  pond 

Qnantabacook  pond... 

True'a  pond 

Saint  George's  pond . . . 

Stevens'  pond 

The"lake" 

Lermond  pond 

Hobbs  pond 

Southern  Hobbs  pond 
Fish  ponds 


sixteen  ponds  - 


Connected  wlth- 


Saint  George  river, 
...-do 


.do  . 
•  do  . 
-do. 
.do. 
.do. 
.do  . 
.do  . 
.do  . 
.do  . 
do  . 
.do. 
.do. 
.do  . 
.do  . 


Approxi- 
mate area. 


Sq.  miles. 
1.15 
0.50 
1.10 
1.05 
0.35 
0.30 
1.15 
2.00 
0.30 
2.00 
0.75 
2.00 
0.50 
0.25 
0.75 
0.40 


14.35 


Storage 
(1869). 


Feet. 


Dam.. . 


Dam. 
Dam. 


Addi- 
tional 
storage 
feasi- 
ble. 


Feet. 


(a) 
(o) 
(a) 


(a) 


Place. 


Medomac  pond 

Little  Medomac  pond.- 

Washington  pond 

Clark's  pond 

Damariscotta  pond 

Muscongus  pond 

Biscay  pond 

Pemaquid  pond  .  - 

Dnckpond 

Dyer's  Long  pond 

Dyer's  pond  

Pleasant  pond 

Travel  pond 

Patricktown  pond 

James  pond 

Sheepscot  Great  pond. . 


Sixteen  ponds. 


Connected  with— 


Approxi- 
mate area. 


Medomac  river... 

--  do 

-.do 

do 

Damariscotta  river 
Muscongns  river 
Pemaquid  river . 

...  do 

..  do 

Dyer's  liver 

...  do 

Sheepscot  river . 
..  do 


do  . 
.do  . 
.do 


Sq.  miles. 
0.75 
0.25 
1.25 
0.50 
10.00 
0.50 
1.00 
2.00 
0.30 
1.20 
0.20 
1.10 
0.60 
1.00 
0.30 
1.60 

22.45 


storage 
(1869). 


Feet. 


Dam. 


(a) 
Dam .. 


a  Several  feet. 


Addi- 
tional 
storage 
feasi- 
ble. 


Feet. 


W 


4  to  6 


(a) 


b  Considerable. 

On  the  Sheepscot  river  the  first  power  is  a  tide-power  at  Sheepscot  falls.  Five  miles  above,  at  the  head  of 
tide,  a  fall  of  10  feet  is  used.  At  the  "Eapids",  the  head  of  which  is  2  miles  farther  up,  there 'is  a  fall  of  25  feet  in 
a  mile,  with  steep  banks  on  both  sides;  and  above  this  there  are  several  small  powers.  ^.^ 
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At  the  outlet  of  Damariscotta  pond  the  Damariscotta  river  falls  52  feet  in  20  rods,  and  the  power  is  excellent, 
though  small,  being  rendered  constant  by  the  storage  on  the  pond. 

In  the  town  of  Bristol  the  Pemaquid  river  falls  50  feet  in  the  first  500  feet  from  tide,  and  the  power,  being  fed 
by  ponds  above,  is  said  to  be  good,  though  very  small. 

On  the  Medomac  river  there  are  eight  powers  in  the  town  of  Waldoboro',  with  a  total  fall  of  about  80  feet, 
while  other  falls  occur  above. 

On  the  Saint  George  river  there  is  a  woolen-mill  in  the  village  of  Warren,  and  also  a  site  known  as  "Knox 
falls",  just  above.  In  the  town  of  Union  the  streani  has  considerable  fall,  and  several  powers  are  in  use,  while  in 
its  upper  part  the  fall  is  still  greater. 

None  of  the  powers  on  these  streams  are  of  great  importance,  being  all  small.  They  are  valuable,  however, 
on  account  of  their  constancy. 

THE  PENOBSCOT  EIVEE. 

This  mighty  stream,  the  largest  in  the  state,  is  divided  in  its  upper  parts  into  several  so-called  branches,  but 
the  West  branch,  which  is  properly  the  main  stream,  has  its  sources  in  the  extreme  western  part  of  Somerset  county, 
its  water-shed  on  the  west  being  nearly  coincident  with  the  state  boundary.  From  the  junction  of  the  so-called 
North  and  South  branches,  which  unite  to  form  the  West  branch,  the  latter  stream  pursues  for  about  80  miles, 
measured  in  a  straight  line,  a  course  toward  the  east  and  a  little  southward,  passing  through  Piscataquis  and  into 
Penobscot  counties  and  flowing  through  a  chain  of  lakes.  It  then  bends  toward  the  south  and  flows  for  nearly  the 
same  distance  in  a  straight  line  a  little  west  of  south,  passing  the  city  of  Bangor  and  emptying  into  Penobscot  bay, 
this  part  of  its  course  lying  almost  entirely  in  Penobscot  county.  The  length  of  the  stream,  along  its  course,  from 
the  junction  of  the  North  and  South  branches,  is  about  170  miles,  and  its  drainage  area  above  its  mouth  at  Sandy 
point  measures  about  8,785  square  miles,  all  within  the  state  of  Maine.  The  map  of  the  basin  shows  that  its 
greatest  length  is  about  160  miles  and  its  greatest  breadth  about  115  miles.  "  It  Is  mountainous  from  the  sea  to  the 
head  of  tide,  at  Bangor,  and  above;  thence  northward  it  is  gently  undulating  up  to  and  throughout  the  region  of 
the  East  and  Mattawamkeag  branches.  On  the  main  stream,  ahove  Nicatou,  it  is  more  broken^  and  is  singularly 
diversified  with  lakes,  ponds,  swamps,  streams,  hills,  valleysj  and  detached  peaks.  The  Kaiahdin  mountains,  the 
highest  in  Maine,  affording  a  prospect  characteristic  and  sublime,  from  the  vast  breadth  of  level  country  overlooked, 
lie  upon  the  left  bank.  Farther  west  the  valley  becomes  merged  with  that  of  the  Kennebec  on  the  south  and  the 
Allaguash  on  the  north,  and  terminates  on  the  northwest  at  the  highland  boundaries  of  the  state,  and  in  the  swamps 
and  lagoons  which  form  the  common  reservoir  of  the  Saint  John  and  the  Penobscot.  As  a  whole  the  valley  is 
uniform  in  its  topographical  features."  A  large  proportion  of  the  basin  is  still  covered  with  forests.  The  soil  is 
gravel,  clay,  and  loam,  and  the  rocks  granite,  mica-schist,  and  clay-slate.  The  basin  is,  as  a  whole,  less  elevated 
above  the  sea  than  that  of  the  Kennebec  or  the  Androssoggin,  although  the  northern  portion  is  quite  elevated,  the 
divide  having,  according  to  Wells,  a  mean  height  of  1,085  feet,  while  the  headwaters  of  the  West  branch  arc  at 
an  elevation  of  from  1,600  to  2,000  feet.    The  following  table  will  give  some  idea  of  the  slope  of  the  river: 

Slope  of  the  Penobscot  river. 


Place. 


138 


Mon  til 

Bangor,  head  of  tide 

Foot  of  Corporation  dam,  Veazie 

Crest  of  Corporation  dam,  Veazie 

F  oot  of  Ayer's  falla,  Orono 

Head  of  Ayer's  falls,  Orono 

Toot  of  Great  Works  falls,  Oldtown. . . . 

Head  of  Great  Works  falls,  Oldtown 

Foot  of  falls  at  Dwinal's  mills,  Oldtown 
Head  of  falls  at  Dwinal's  mills,  Oldtown 
Foot  of  falls  at  Dwinal's  mills,  Milford 
Head  of  falls  at  Dwinal's  mills,  Milford  . . 

Moutli  of  Passadumkeag 

Mouth  of  Mattanawcook 

Moul  h  of  Mattawamkeag 

Twin  lakes  (about) ? 

Chesuncook  lake , 

Ifortheast  of  Moosehead  lake 

Penobscot  lake 


Distance 

from 
mouth 


MiUiS, 
0 

•  27 


84 


200  ± 


Elevation 
above  tide. 


Feet. 
0.0 

0.0 

5.4 

20.8 

27.2 

35.4 

57.5 

68.6 

71.8 

78.3 

80.7 

92.3 

106.0 

172.0 

190.0 

600.0 

900.0 

1,  000.  0 

1,  509.  0 


Distance 
between 
points. 


Utiles. 


27 


12 


45 


>        80± 


Fall  be- 
tween 
points. 


Feet. 


92 


98 


710 


609 


Fallper 

mile 
between 
points. 


Feet. 
0.0 


7.7 


2.2 


19.7 


7.6i- 


Fig.  21.       MAP  OF  THE   DRAINAGE   BASIN   OF   THE   PENOBSCOT   RIVER, 
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Principal  reservoirs  of  the  Penobscot  and  tributaries — Continued. 


Name. 


ConDerted  "with — 


:Soatli  pond,  in  No.  3,  K.  4 

Hot  Brook  pond,  in  Xo.  3,  R.  4. 

Baskalieffan  Wke 

Poiod  in  Xo.  a.  E.  1 

Mattawamkoag  lake 

■Caribou  pond 

Pond 

Pleasant  lake 

Sketicook  lake 

Spaulding's  lake 

-Eockabema  lake 

Mud  lake,  above  Kockabema 
^Small  ponds  in  Ilocl£:abema  . 


Mattawamkeag 
river. 

...do  

...  do 


Twenty. one  ponds . 


.  do. 
..do  . 

do. 
.do  . 

do. 
.do  . 

do  . 

do. 

do  . 


Approxi- 
mate area. 


■Salmon  Stream  pond 

Katalidiu  pond 

Pond  in  Ko.  4,  E.  7 

Bowlin  pond  

Upper  Bowlin  (two)  ponds  . . 

Mattag'amon  lake 

Mattagamoiisis  lake 

Third  lake 

Pomth  Lake 

Plowage  above  Fonrfh  lake. 
Snake  pond,  in  No.  7,  R.  11. . . 

Big  Lcadbetterpond 

Lower  Sbin  pond 

Upper  Shin  pond 

Pond  in  No.  5,  E.  7 

FirHt  liike 

Second  lake 

fieboois  lake 

Five  ponds  in  No.  6,  E.  8    . . . 

Scrag^ly  lake 

Wasbattiquoick  pond 

"Webster  lake 


Hudson  and  Wadleigh  Brook 
reservoirs. 


Twenty-eight  londs . 


Mattagamon  river . 

..  do 

...do 

..  do 

...do 

...do 

...do 

-.  do 

..  do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do  

...do 

...do  

..  do 

...do 

...do 


Put-haw  lake 

Bovdlake 

...  do 

Little  Pushaw  pond 

...do 

Mud  pond 

...do 

Pickerel  pond,  in  Alton. 

...do  

Nichols  pond  ...  . 

....do 

Davis  pond 

...do 

Holbrook's  pond 

..  do 

Mattanawoook  pond 

....do  .. 

■Crooked  pond 

....do 

Polsom  pond  

....do 

trpper  pond 

...do 

Poud  in  Nos.  2  and  3,  east  of 

...do 

Chester. 
Mat  tamiacontis  pond 

...do  

Lower  Mattamiecontis  pond 

...  do 

Carabola^se  pond 

Long  pond 

....do  

...  do  

Sq.  miles. 
0.75 

3.60 
18 
1 

5.50 
1.50 
1 

3.50 
1.25 
2.50 
2.25 
1.25 
2.50 


Storage 
IJ869). 


Feet. 


53.35 


2 

0.65 

1.50 

LIO 

0.85 

E 

2.25 

1.75 

0.90 

1 

1 

0.80 

2.26 

L30 

1 

1.10 

1.10 

4.75 


L60 

3 

1.50 


-     12 


o  " 


Feet. 


(a) 


m 


42.30 


1.75 

0.90 

0.75 

0.60 

3 

0.90 

0.90 

1.30 

0.70 

0.40 

1.20 

4.60 

2 

0.90 
0.65 
1 


10 

10 

6 

Dam,  12 

Dam,  7 
Dam,  10 


(6) 
(6) 


6to6 
5to6 
5to6 


(6) 


Dam. 


Dam 

Dam 

Dam 

Dam 


12-20 


Dam. 
Dam 


a  Many  feet. 


Name. 


Caribou  pond 

Centre  pond 

Madunkeunk  pond 

Nollcsemic  pond 

Qu.ikiah  lake 

Shad  lake 

South  Twin  lake 

North  Twin  lake 

Mattaceunk  lake 

Jo.Mary  upper  lake 

Jo-Mary  middle  lake 

Jo-Mary  lower  lake 

Pemedunkcook  lake 

Milinoket  lake 

Katahdiu  pond,  in  No.  2,  E.  7 

1  First  pond,  in  No.  2,  E.  10 

Second  pond,  in  No.  2,  E.  10  . . 

Tiiird  pond,  in  No.  2,  E.  10 

Nahmakanta  lake 

Unsuutabuut  lake 


Coonected  with — 


Penobscot  river. 

...do  

...do  

...do 

...do , 

...do 

...do 

...do 

...do  

...do  

...do  

...do 

...do 

...do 

...do 

...do 

..  do 

..  do 

...do 

...do  


Sourdnalmnk  lake } do  . 

do  . 
do. 
do. 


Five  ponds  in  A,  E.  11 

Penobscot  pond,  in  No.  1 ,  E.  1 1 

Three  ponds  west  of  Nama- 
kantalake. 


Eipogenus  lake 

Eipogenns  pond .:... 

Caribou  lake  

Tipper  Caribou  lake 

Eaggedlate 

Cbe.suncook  lake 

•Duck  pond 

Cusabexis  lake 

Umbazooksus  lake 

Longley  pond,  in  No.  6,  E.  13. 

Black  pond 

Shallow  lake 

Poland  lake 

Canquomgomoc  pond 

Portage  pond 

Daggett  pond 

Poud  above  Daggett 

Loon  pond 

Two  ponds  above  Loon 

Hurd  (two)  ponds 

Wadleigh  pond 

Pine  Stream  (two)  ponds 

Lobster  pond 

Eussell  pond 

Luther  pond 

Nulheduspond 

Two  ponds,  in  No.  3,  E.  3 

Two  ponds  in  Bald  Mountain 
township. 

Penobscot  lake 

Two  ponds  in  No.  3,  north  of 
Hammond  township. 


Eighty  .four  ponds 


One  hundred  and  eighty, 
five  ponds. 


...do. 
...do.. 
...do  . 
...do  . 
...do  . 
...do. 
...do. 
..  do  . 
...do  . 
...do  . 
...do. 
...do  . 
...do. 
..  do  . 
. ..do  . 
...do. 
.-  do  . 
..  do  . 
...do  . 
..  do  . 
...do 
..  do. 
...do  . 
...do. 
...do  . 
...do  . 
...do. 
...do  . 


.do  . 
.do  . 


Approxi. 
mate  area. 


Sq.  miles. 
0.85 
0.30 

2.50 

L75 

0.75 

3 

a25 

2.50 

3 

2.50 

3 
16 
18 

2 

0.75 

1 

2.50 

3 

3.75 

3.75 

4.75 

1 

2.50 

2 

4 

6.60 

1 

4 
22 

2 

2 

2.25 

1.50 

1 

2.50 

0.75 
10 

1.25 

1 

0.75 

3 

L25 

1.60 

0.75 

1 

6 

1 

0.90 

1 

1.25 

L50 

L50 

1.60 


182.40 


S95.  20 


6  Several  feet.  c  Over  1.75  square  mile.  d  12-foot  dam  feasible.  e  Dammed  in  part 


Storage 
(1869). 


Feet 

Dam 

Dam 


(b) 
Dam,  16 


(6) 


K  0- 

ii 


Feet. 


(d) 


3 

10-12 


8 
4to6 


(e) 
(/)4to6 


12.to  13 
(6) 
5to6 


Dam,  7 


W 


(S) 


5  to  6 


/  On  two  ponds.  g  Dam  feasible. 


In  addition  to  the  above,  9  ponds,  covering  39  square  miles,  which  naturally  belong  to  the  Allaguash  svstem 
ha^^e  been  added  to  the  Penobscot  system  by  means  of  dams,  canals,  etc.,  and  over  fo  ponL  coveTng  over S 
square  miles,  are  tributary  to  thestream  below  its  lowest  fall.  '  "-""^""""S  over  oj. 
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The  Peuobscot  river  is  accessible  by  rail  up  to  the  uiouth  of  the  Mattawanikeag,  or  57  miles  from  tide- water. 
Above  that  point  iio  railroad  approaches  withiu  many  miles  of  it,  and  its  headwaters  are  among  the  pathless  forests 
of  the  northern  part  of  the  state.  The  rainfall  over  Ihe  basin  is  about  44  inches,  of  which  11  fall  in  spring,  10  in 
summer,  13  in  autximu,  and  10  in  winter. 

The  head  of  tide  and  of  navigation  on  the  Penobscot  is  at  Bangor,  where  Treat's  falls  prevent  the  further 
ascent  of  the  river.  These  falls,  one  mile  above  the  harbor  proper,  are  flowed  at  high  tide,  but  a  dam  extending 
to  a  height  of  15  feet  above  mean  high  tide  has  been  proposed,  which,  with  the  storage  on  the  pond,  and  with 
flash-boards  2  feet  high  in  dry  seasons,  it  is  estimated  will  afibrd  a  gross  power  of  9,000  horse-power  during  working 
hours  of  the  driest  day,  or  over  13,000  horse  power  by  the  aid  of  reservoirs  up  the  river.  The  bed  of  the  river  is 
ledge,  and  the  facilities  for  location  are  said  to  be  excellent.  The  minimum  flow  available  for  power  has  been 
estimated  at  1,950  cubic  feet  per  second  continuously,  affording  3,224  gross  horse-power  on  a  fall  of  15  feet,  the 
increase  to  9,000  horse-jjower  being  due  to  the  storage  on  the  pond,  the  use  of  flash-boards,  and  the  additional  fall 
at  low  tide.  This  does  not  include  a  considerable  amount  of  water  used  for  the  passage  of  rafts,  estimated  as  at 
least  25  per  cent,  of  that  available  for  power,  thus  making  the  total  minimum  flow  of  the  river  at  least  2,440  cubic 
feet  per  second. 

Within  the  next  12  miles  above  Bangor  the  fall  of  the  river,  according  to  the  table  on  page  90,  is  not  less  than 
92  feet,  or,  deducting  the  15  feet  or  more  available  at  Treat's  falls,  say  70  feet  available  for  power  between  that 
place  and  Milford.  This  fall  comprises  a  number  of  separate  sites,  mentioned  by  Wells,  but  not  very  cle'arly 
distinguished,  on  account  of  the  fact  that  the  river  divides  and  flows  in  two  channels,  with  large  islands  between, 
and  there  being  falls,  of  course,  on  both  arms.  This  fact,  too,  precludes  an  estimate  of  the  power  at  each  site,  as 
the  quantity  of  water  flowing  in  each  of  the  two  arms  is  not  known.  It  must,  therefore,  suffice  to  say,  that  in-  all 
probability  the  average  quantity  of  water  flowing  within  the  12  miles  referred  to,  when  at  its  minimum,  will  be  not 
less  than  2,250  cubic  feet  per  second,  affording,  on  a  fall  of  70  feet,  a  total  gross  power  of  nearly  18,000  horse-power 
continuously,  or  very  much  more  if  the  water  could  be  stored  during  the  night  and  reservoirs  constructed  up  the 
river.  The  total  power  available  on  the  fall  of  92  feet,  from  Milford  to  tide,  is  probably  not  less  than  23,000  gross 
horsepower  continuously,  or  over  50,000  holse-power  during  eleven  hours.  The  long  tract  of  dead  water  above 
Millbrd  would  afford  a  pond  sufficient  to  store  a  large  ampunt  of  water  during  the  night,  thus  rendering  certain  a 
large  iucreas^e  of  power  above  that  which  could  be  used  continuously.  The  facilities  for  the  utilization  of  this 
immense  power  are  said  to  be  very  good,  the  bed  of  the  stream  being  generally  rock,  and  the  banks  favorable  for 
the  secure  location  of  mills  and  canals.  A  railroad  follows  the  river  along  the  entire  distance,  and  navigation  is 
open  to  Bangor  during  about  eight  months  of  the  year.  The  amount  of  power  now  used  on  this  part  of  the  river 
is  very  small. 

The  next  power  above  Milford  is  in  Edinburg  and  Passadumkeag,  at  Passadumkeag  rapids,  where  the  fall  is 
7  feet  and  the  bed  of  the  river  solid  ledge.  The  power  is  unimi)roved.  The  next  site  is  in  Enfield  and  Howland, 
at  Piscataquis  falls,  where  the  river  is  900  feet  wide,  and  the  fall  about  22  feet.  The  minimum  available  power  is 
probably  between  2,000  and  3,000  horse-power  (gross)  continuously.  Next  comes  Island  rapids,  in  Chester  and  Winn, 
where  the  fall  is  not  less  than  15  feet  in  100  rods,  capable  of  being  increased  by  a  dam,  the  minimum  available 
power  being^  probably  several  thousand  horse-power  continuously. 

Between  Chesuncook  lake  and  the  mouth  of  the  Mattawamkeag  the  descent  of  the  Penobscot  is  more  rai)id 
than  in  any  other  part  of  its  course,  being  not  less  than  700  feet,  or  about  19  or  20  feet  per  mile.  This  portion  of 
its  course,  too,  seems  to  be  especially  favorable  for  power,  combining  with  a  large  fall  the  presence  of  extensive 
reservoirs  close  at  hand.  The  descent  is  broken  by  numerous  falls  and  rapids,  of  which  the  following  may  be 
named:  In  Indian  Purchase  township.  Grand  falls.  Island  falls,  Ehine's  pitch,  and  others,  aggregating  many  feet 
fall,  almost  the  entire  stream  in  this  township  being  rapid,  with  several  pitches  of  15  or  20  feet ;  in  Mcatou 
township,  Salmon  Stream  falls,  20  feet  in  76  rods;  Jo-Mary  rips,  8  or  10  feet;  Eockabema  rips,  just  above  the 
mouth  of  the  East  branch,  and  others  ;  in  township  A,  range  7,  Eocky  rips;  Dolby  rips,  8  feet;  Ledge  falls,  12  or 
15  feet,  and  several  miles  of  quite  rapid  water;  in  township  No.  2,  range  10,  above  Twin  lakes,  a  number  of 
excellent  falls ;  in  township  No.  3,  range  11,  several  falls,  the  principal  being  Eipogenus  falls,  where  the  whole 
fall  is  215  feet  in  about  3  miles ;  in  township  No.  5,  range  13,  Pine  Stream  rapids,  above  Chesuncook  lake,  12  or 
15  feet  in  100  rods;  and  other  smaller  powers  above. 

It  is  evident  from  these  facts  that  the  Penobscot  will  compaie  favorably  with  any  stream  in  the  state  as 
regards  amount  of  power  available  and  facilities  for  utilization.  At  the  same  time,  probably  a  smaller  proportion 
of  that  power  is  actually  used  than  in  the  case  of  any  other  large  stream  yet  described. 

Teibutakies  of  the  Penobscot  eiver.— The  first  tributary  to  be  mentioned  is  Marsh  river,  which  enters 
from  the  west,  in  Waldo  county,  after  draining  about  156  square  miles.  It  offers  a  number  of  powers,  of  which 
Plummer's  mills  (25  feet),  Boyd's  mill  (15  feet),  and  Tapley's  mill  (15  feet),  are  near  the  mon'M.  There  are  a  number 
of  privileges  above,  many  unimproved,  ftut  the  stream  is  not  very  constant  in  flow,  and  many  of  the  mills  cannot 
operate  all  the  year. 

The  Sowadabscook  river,  from  the  west,  is  a  somewhat  similar  stream,  though  rather  more  constant  in  flow,  and 
draining  166  square  miles.  It  has  a  number  of  powers,  but  none  of  much  importance.  Were  its  natural  reservoirs- 
improved  by  storage,  its  power  would  be  much  increased  in  value,  and  the  mills  would  be  able  to  operate  all  the  year. 
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Tlie  Kendiisleag  river  from  the  west,  in  Bangor,  is  a  larger  stream,  draining  229  square  miles,  arid  much 
more  valuable  for  power.  In  Bangor,  the  stream  falls  some  75  feet,  and  a  considerable  portion  of  the  power  is 
.•improved,  while  in  the  townships  above  there  are  many  mills,  as  ttie  table  on  page  107  shows.  This  stream,  like 
the  two  jnst  described,  is  naturally  quite  variable  in  flow. 

Great  Worlcs  river,  from  the  east,  affords  a  number  of  powers,  partly  utilized. 

Pusliaw  river  from  the  west,  is  a  stream  very  like  the  Kenduskeag,  which  it  adjoins.  No  important  powers 
•on  it,  however,  are  mentioned  by  Wells. 

The  Passadumlceag  river  from  the  east,  drains  about  400  square  miles,  and  is  much  more  favorably  situated 
as  regards  storage  than  any  of  the  tributaries  thus  far,  as  shown  by  the  table  on  page  91.  Its  fall  is  quite  rapid,  and 
in  the  town  of  Lowell,  Wells  mentions  four  privileges  aggregating  48  feet  fall.  In  township  No.  3,  Hancock  county, 
-at  Grand  falls,  the  river  falls  100  feet  in  200  rods,  affording,  according  to  Wells,  a  series  of  most  excellent  powers, 
asregards  facilities  for  ntilization.  On  the  outlet  stream  of  Nicatous  lake,  a  tributary  of  the  Passadumkeag,  there 
is  a  fall  of  40  feet  in  half  a  mile,  and  as  there  is  a  dam  at  the  outlet  of  the  lake,  giving  a  storage  depth  of  10  feet, 
•the  flow  could  be  rendered  quite  constant  were  the  storage  used  for  other  than  log-driving  purposes. 

The  Piscataquis  river,  which  enters  the  Penobscot  from  the  west,  in  the  town  of  Howland,  is  the  principal 
tributary  of  the  latter  stream.  Its  sources  lie  in  the  southwestern  part  of  Piscataquis  county,  and  partly  in 
Somerset,  and  its  course  is  nearly  due  cast  for  a  distance  of  about  h5  miles,  its  drainage  area  measuring  1,541 
squ'are  miles.  It  is  well  supplied  with  reservoirs,  which,  with  systematic  improvement,  would  render  the  flow 
■quite  constant.  The  stream  is  about  250  feet  wide  for  26  miles  from  its  mouth.  As  regards  accessibility,  the 
stream  is  greatly  favored,  being  followed  closely  by  a  railroad  from  the  mouth  of  the  Sebec,  about  20  miles  from 
its  mouth,  to  near  its  headwaters,  at  Blanchard.  The  fall  of  the  river  in  the  lower  20  miles  of  its  course,  below  the 
mouth  of  the  Sebec,  is  about  140  feet,  or  7  feet  per  mile;  in  the  next  15  miles  it  falls  about  100  feet,  while  above 
■that  point  its  descent  is  probably  more  rapid  still.  At  the  mouth  of  the  river  are  Howland  falls,  with  a  fall  of  20 
feet,  produced  by  a  dam,  and  once  utilized  by  saw-mills.  The  minimum  available  power  is  probably  not  less  than 
600  horse-power  (gross)  on  a  fall  of  20  feet,  continuously,  and  very  much  more  were  the  reservoirs  improved. 
Moreover,  the  dam  ponds  the  water  back  for  6  miles  or  more,  thus  Mlowing  of  a  large  increase  of  power  during 
-working  hours,  so  that  the  privilege  is  an  excellent  one.  In  Maxfleld  the  river  has  two  sites,  Mcintosh's  and 
Whitney's  falls,  each  with  8  feet  available,  but  rather  less  water  than  below,  the  Seboois  river,  the  outlet  of  Seboois 
•lake,  entering  between.  The  latter  stream  has  no  power  of  note,  but  its  lake  is  valuable  for  storage.  In  Medford, 
Piscataquis  county,  the  Piscataquis  has  Schoodic  falls,  just  below  the  mouth  of  the  Schoodic  river,  with  15  feet  in 
100  rods,  and  Little  falls,  10  feet  in  30  rods.  The  outlet  of  Schoodic  lake  has  a  fall  of  22  feet  in  35  rods,  and  its 
lake  is  valuable  for  storage.  The  next  power  on  the  Piscataquis  is  in  Poxcroft  and  Dover,  where,  at  Dover  village, 
there  is  a  fall  of  23J  feet  at  Dover  Great  falls,  utilized  by  various  mills.  There  is  also  a  fall  of  6  feet  100  rods 
below,  a.  dam  9  feet  high  at  Dover -Lower  Village  falls,  at  East  Dover,  a  fall  of  12  feet  at  Foxcroft  dam,  used  by  a 
number  of  mills,  and  a  nearly  equal  fall  at  Pratt's  rips,  making  in  all,  in  the  two  townships  referred  to,  a  total  fall 
•of  over  60  feet  available.  The  drainage  area  above  these  falls  is  about  387  square  mjles,  but  the  minimum  power 
a.vailable  is  probably  small,  on  account  of  the  absence  of  lakes  above,  perhaps  not  over  6  horse-power  per  foot  fall 
continuously.  In  Guilford  several  sites  are  in  use,  and  in  Blanchard  the  river  falls  200  to  300  feet  in  a  mile  at  Grand 
falls,  but  only  a  part  of  this  is  available,  and  the  stream  is  small  and  inconstant.  Other  and  smaller  falls  above 
need  no  mention. 

The  Sebec  river,  the  outlet  of  Sebec  lake,  is  a  quite  constant  stream,  and  has  a  fall  of  9  feet  at  Sebec  falls, 
in  Milo;  a  second,  of  25  feet  in  half  a  mile,  2  miles  below  the  lake;  and  a  third,  of  18  feet,  at  the  foot  of  the  lake. 
The  lake  covers  about  14  square  miles,  and  is  very  valuable  as  a  storage  reservoir.  Pleasant  river,  also  a  tributary  of 
the  Piscataquis,  is  a  larger  but  probably  more  variable  stream,  though  its  reservoirs  would  be  sufiQcient,  if  improved, 
to  regulate  its  flow  to  a  large  extent.  Its  powers  are  not  of  great  importance,  at  least  such  as  are  mentioned  by 
Wells. 

The  next  important  tributarj  of  the  Penobscot  is  the  Mattawamkeag  river,  which  enters  from  the  east  at 
Mattawamkeag.  It  has  its  sources  in  Aroostook  county,  and  flows  south  and  west,  draining  about  1,533  square 
miles.  It  has  a  number  of  ponds  connected  with  it,  and  is  probably  similar  in  character  to  the  Piscataquis,  though 
perhaps  not  so  constant  in  flow.  The  fall  of  the  stream  is  rapid,  and  within  a  few  miles  of  the  mouth,  in  the  towns 
of  Mattawamkeag  and  Winn,  are  a  number  of  powers,  the  exact  fall  of  which  cannot  be  stated.  Other  sites  exist 
on  the  upper  part  of  the  stream,  but  few  details  are  at  hand  regarding  them.  In  Island  Falls  plantation  a  fall  of 
20  feet  is  used  by  a  few  mills,  but  the  power  used  on  the  stream  is  small.  Some  of  its  tributaries  have  rapid  descents 
and  good  sites.  Mattakeunk  river  falls  100  feet  in  2J  miles,  but  the  stream  is  very  small;  lower  down,  in  Winn, 
there  is  a  fall  of  50  feet  in  100  rods  at  Upper  Mattakeunk  falls,  and  15  feet  in  125  rods  at  Lower  Mattakeunk  falls. 
The  Molunkus,  Baskahegan,  and  other  tributaries  afford  abundant  power,  but  no  details  cau  be  given. 

The  East  branch  of  the  Penobscot,  or  Mattagamon  river,  has  a  rapidF  fall,  its  source,  lake  Mattagamo^j,  lying 
at  an  elevation  of  about  850  feet,  or  660  feet  above  the  Penobscot  at  the  mouth  of  the  Mattawamkeag,  much  the 
greater  part  of  which  descent  occurs  on  the  East  branch.  Few  sites,  however,  are  mentioned  by  Wells,  the 
principal  being  in  township  No.  5,  range  8,  Penobscot  county,  where,  at  Bowlin  falls,  the  fall  is  8  feet,  at  Hulling 
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Machine  falls  12  feet,  and  at  Grand  falls  20  feet.  There  are  similar  falls  iu  township  No.  6,  range  8.  Tne  power 
of  the  stream  is  little  used,  but  its  storage  facilities  are  good,  and  the  flow  could  he  regulated  to  a  considerable 
extent. 

The  various  small  upper  tributaries  of  the  Penobscot  have  considerable  power,  but  are  little  used.    Were  they 
easily  accessible,  and  their  reservoirs  improved,  their  power  would  be  valuable. 

THE  UNION  EIVER  AND  OTHERS. 
Between  the  Penobscot  and  the  Saint  Oroix  rivers  are  a  number  of  smaller  streams,  which  merit  a  short  notice. 


THE   UNION   RIVBE. 

This  stream  is  comprised  almost  entirely  within  the  limits  of  Hancock  county,  rising  near  its  northern  boundary 
and  pursuing  its  course  southward  through  a  distance  of  about  45  miles,  draining  a  total  area  of  about  584  square 
miles  above  the  head  of  tide-water,  at  Ellsworth  Falls.  Its  valley  is  narrow  and  its  tributaries  short.  The 
headwaters  of  the  stream  lie  at  elevations  of  from  225  to  250  feet  above  the  sea,  and  the  interior  of  the  basin  is 
a  strongly-defined  valley,  of  a  rolling  surface,  encompassed  on  nearly  all  sides  by  rugged  highlands.  A  large 
proportion  of  the  basin  is  covered  with  forests,  and  the  lakes  are  sufQcieut  in  number  to  render  the  flow  quite 
constant,  though  not  yet  systematically  improved.  The  extreme  range  of  water  at  Ellsworth  is  7  feet.  The 
following  table  (from  Wells)  gives  the  principal  reservoirs  connected  with  the  stream  : 


Name. 


J^ranch  pond 

Eocfey  pond,  in  Orland , 

Eeed's  pond 

Beech  Hill  pond 

Mountain  pond 

Hat  Case  pond 

Molasses  pond 

ScammoD  pond 

Abram's  pond 

Webb's  pond 

Spectacle  pond 

Eocky  pond 

Eocky  pond,  in  No.  22 

Two  Lead  Mountain  ponds 

Brandy  pond 

Great  pond 

Long  pond 

Alligator  pond 

Morrison's  pond 

Middle  Branch  pond,  upper 
Middle  Branch  pond,  lower  , 

Flood's  pond 

Springy  pond 

Hopkins'  poud 

George's  pond 

Twenty-six  ponds 


Approxi- 
mate area. 


Sq. 


miles. 
3.75 
0.35 
4.25 
1.85 
1.25 
0.50 
2.25 
1 

0.80 
1.75 
2.10 
0.40 
1.16 
2 

1.60 
1.50 
1 

1.80 
0.35 

1.25 

1 

0.60 
L75 
0.90 


34.85 


Present 
storage 
(1869). 


Feet. 

10 

10 

6 


No  dam . . . 


Additional 
storage 
feasible. 


Feet. 
10 
10 
14 
14 
14 


10 

2 

10 

10 

8 

3 

10 

S 

6  and  8 

3  and  4 

'      6 

13 

10 

8 

5 

6 

5 

8 

The  total  number  of  ponds  above  Ellsworth  is  43,  with  a  total  area  of  60  square  miles,  or  1  square  mile  to 
-every  9.7  square  miles  of  basin.  The  mean  annual  rainfall  is  about  48  inches,  12  in  spring,  10  in  summer,  14  in 
autumn,  and  12  in  winter,  a  distribution  very  favorable  to  constant  flow.  The  slope  of  the  stream  may  be  seen  from 
the  fact  that  the  lake  in  the  northern  part  of  the  basin  lies  at  an  elevation  of  205  feet,  making  the  average  fall  of 
the  river  to  tide- water  about  4  feet  per  mile,  or  considerably  smaller  than  that  of  the  larger  streams  of  Maine. 

The  lirst  power  on  the  stream  is  at  Ellsworth  Palls,  at  the  head  of  tide  arid  of  navigation,  the  river  being 
closed  ta  navigation  below  this  point  during  about  four  months  of  the  year.  The  total  fall  is  stated  at  85  feet  in 
about  2  miles,  or  100  feet  in  2|  miles,  and  a  part  of  the  power  is  utilized  by  mills  of  various  kinds,  but  principally 
saw-mills,  the  storage  on  the  ponds  above  being  used  principally  for  log-driving  purposes  (Wells).  The  upper  dam 
ponds  tbe  water  for  12  or  15  miles,  thus  creating  a  reservoir  large  enough  to  allow  of  the  concentration  of  power 
into  working  hours.  No  measurements  of  the  power  available  are  at  hand,  but  I  should  judge  the  minimum  power 
to  be  about  12  horse-power  per  foot  fall  continuously,  or  24  during  twelve  hours,  which  would  probably  be 
practicable.  This  would,  therefore,  amount  to  2,400  horse-power  (gross)  on  the  entire  fall  of  100  feet.  The  site  is 
accessible  by  rail,  and  the  facilities  for  development  are  said  to  be  good.  The  power  estimated  could  of  course  be 
•la.rgely  increased,  probably  more  than  doubled,  were  the  reservoirs  systematically  improved. 
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There  are  no  important  powers  above  this,  though  some  sites  are  named  by  Wells  on  the  upper  branches  oi 
the  river.    Some  of  the  tributaries  afford  good  constant  powers,  though  small. 

There  are  in  Hancock  county  a  number  of  tidal  powers,  but  no  others  of  importance,  the  Union  river  being 
the  only  considerable  stream  in  the  county. 

THE  NAKEAGUAG-US  EIVEE. 

This  is  a  small  stream,  draining  about  260  square  miles  in  Hancock  and  Washington  counties,  and  flowing  in 
a  nearly  southerly  direction,  its  length  being  about  50  miles.  It  has  a  number  of  ponds  connected  with  it,  and  its 
flow  is  not  very  variable,  but  none  of  its  powers  are  veiy  important.  At  the  head  of  tide- water  are  the  Cherry  field 
falls,  where  six  privileges  exist,  with  a  total  fall  of  52  feet,  affording  an  excellent  power,  with  a  reservoir  above 
sufficient  to  allow  of  the  concentration  of  the  flow  into  working  hours.  At  the  Great  falls,  in  Deblois,  there  is 
a  second  fall  of  about  60  feet  in  half  a  mile,  and  the  power  is  said  to  be  a  fine  one.  The  minimum  power  of  the 
river,  at  its  mouth,  may  be  roughly  estimated  at  about  6  horse-power  per  foot  fall  continuously. 

The  Pleasant  river.  Chandler's  river,  and  Tunk  river  are  small  streams  near  the  coast,  almost  all  of  which 
have  several  sites  where  the  fall  is  considerable,  but  the  power  is  small. 

THE  EAST  AND  "WEST  MACHIAS  EIVERS. 

The  West  Machias  river,  confined  almost  entirely  within  Washington  county,  drains  an  area  of  about  458 
square  miles,  flowing  in  a  southerly  and  easterly  direction,  its  length  being  some  45  miles,  measured  in  a  straight 
line.  Its  fall  is  considerable,  the  elevation  of  its  headwaters  being  some  400  feet,  and  its  slope  being  about  5.8 
feet  per  mile,  according  to  Wells.  Its  flow  is  not  very  variable,  being  regulated  to  a  considerable  extent  by  a 
number  of  lakes  and  ponds,  and  a  considerable  portion  of  its  drainage  basin  being  wooded.  The  total  area  of  lake 
surface  in  its  basin  is  32  square  miles,  or  1  square  mile  to  14  square  miles  of  basin.  Seventeen  lakes  have  a  total 
area  of  30.55  square  miles,  and  a  number  of  them  are  dammed,  though  used  principally  for  log-driving  purposes. 
Being  situated  near  the  headwaters  of  the  river,  their  drainage  areas  are  small,  and  their  importance  less  than 
would  be  expected  from  their  size. 

The  river  offers  a  number  of  good  privileges.  At  the  head  of  tide  and  of  navigation,  6  miles  from  the  mouth 
of  the  stream  and  3  miles  above  where  it  joins  the  East  Machias,  there  is  a  fall  of  33  feet  (?)  to  high  tide,  utilized 
to  some  extent.  In  the  absence  of  gaugings,  I  should  roughly  estimate  the  minimum  power  as  about  10  horse- 
power (gross)  per  foot  fall  continuously.  It  is  stated  as  greater,  but  on  what  authority  I  do  not  know.  The  power 
is  apparently  a  good  one.  At  Middle  falls,  in  Whitney,  there  is  a  fall  of  10  feet ;  and  at  Great  falls,  5  miles  above, 
in  Centreville,  a  fall  of  20  feet,  with  excellent  facilities  for  improvement.  In  Northfield  there  is  a  fall  of  28  feet  at 
Holmes'  falls,  and  there  are  a  number  of  smaller  powers  above,  which  need  not  be  mentioned.  Any  one  may  estimate 
the  power  available  by  comparison  with  the  data  given  on  pages  8  to  10. 

The  East  Machias  river  is  a  stream  similar  to  that  just  described,  but  is  more  constant  in  its  flow.  It  is  entirely 
confined  to  Washington  county,  and  pursues  a  course  nearly  south,  draining  about  345  square  miles,  and  with  38 
square  miles  of  lake  and  pond  surface,  or  one-ninth  of  the  area  of  the  basin.  The  lakes  are  not  all  situated  near 
the  headwaters  of  the  stream,  but  are  more  equally  distributed  over  the  basin,  thus  rendering  the  flow  of  the  stream 
quite  uniform,  though  the  lakes  are  said  to  be  used  principally  for  log-driving. 

The  principal  power  on  the  stream  is  at  the  head  of  tide,  where  the  fall  is  47  feet  in  3  miles,  and  is  used  in  four 
privileges.  The  minimum  power  is  probably  not  far  from  that  on  the  West  Machias,  or,  say,  10  horse-power  per 
foot  fall  continuously,  and  very  much  more  if  the  reservoirs  were  fully  improved,  as,  in  fact,  they  may  have  been 
since  Wells'  report  was  made.  The  site  is  no  doubt  a  good  one,  though  the  power  cannot  bo  stated  more  accurately. 
Other  powers  exist  above,  as  the  fall  of  the  stream  is  nearly  as  great  as  that  of  the  West  Machias,  but  little  of  the 
power  available  is  utilized,  and  no  details  need  be  given. 

A  few  other  streams  exist  west  of  the  Saint  Croix,  viz,  the  Dennys,  Pemaquan,  and  others,  but  they  are  so 
small  as  to  merit  no  particular  description.  Being  regulated  by  a  number  of  lakes,  their  flow  is  quite  uniform, 
and  their  fall  being  tolerably  rapid,  they  offer  some  excellent  small  powers,  many  of  which  are  to  some  extent 
improved.    None  of  them,  however,  require  further  notice  here. 

THE  SAINT  CROIX  EIVER  IN  MAINE. 

The  Saint  Croix  river,  the  last  of  the  proper  coast  streams  of  Maine,  is  formed  by  the  union  of  two  branches, 
"  the  Northern  or  Eastern,  called  the  Upper  Saint  Croix  or  Ohiputneticook  river,  the  outlet  of  the  Chiputneticook 
lakes;  and  the  Western,  called  the  Kennebasis  river,  which  discharges  the  Kennebasis  lakes".  The  course  of  the 
■stream  is  southeast,  and  its  length,  from  the  junction  of  the  two  branches  to  tide,  is  about  20  miles.  The 
Chiputneticook,  and  the  main  stream  below  it,  form  the  boundary  between  the  state  of  Maine  on  the  west  and  the 
province  of  New  Brunswick  on  the  east.  Of  that  part  of  the  basin  lying  in  Maine,  almost  the  whole  is  comprised 
in  Washington  county,  and  only  this  part  of  the  basin  is  here  to  be  considered.  From  tide- water  at  Calais  to  the 
head  of  North  lake,  the  source  of  the  Chiputneticook,  the  distance  is  about  97  miles,  by  the  course  of  the  river, 
while  the  Kennebasis  river  is  about  42  miles  long  from  its  extreme  headwaters  to  the  Chiputneticook,  and  62  miles  to 
tide.    The  drainage  basin  is  undulating  and  hilly,  but  not  mountainous,  and  a  large  proportion  is  still  covered  with 
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forests.  It  comprises  a  total  area  of  about  1,G74  square  miles  above  the  Lead  of  tide  at  Calais,  of  which  about  1,100 
are  in  Maine  and  the  rest  in  New  Brunswick,  the  Chipntneticook  draining  about  634  square  miles,  and  the  Kennebasis 
about  766  square  miles.  The  basin,  as  a  whole,  is  less  elevated  than  that  of  any  large  stream  of  Maine  which  we 
have  yet  considered,  but  the  slope  of  the  stream  is,  nevertheless,  quite  large,  as  is  shown  by  the  following  table : 

JDeclivity  of  the  Saint  Croix  river. 


Place. 


Head  of  tide  at  Calais 

Junction  of  two  branches 

Toot  of  Chipntneticook  (Schoodic)  lake  .  1 

Head  of  Chipntneticook  (Schoodic)  lake-  >  East  hmnch. 

North  lake,  head  of  stream 1 

Junction  of  two  branches 

Just  below  Big  lake 

Head  of  Big  lake 

Graod  lake,  foot 

Grand  lake,  head 


■1 


•  West  branch. 


Distance 

from 
Calais. 


Miles. 
0 

20 

56 

75 

96 

20 

20 

40 

43 

55 


Elevation 
above 
(irte. 


Fi-ct. 


0 
166 
333 
383 
444 
160 
186 
189 
271 
271 


Distance 
between 
points. 


Miles. 

I  20 

I  35 

[  20 

\  - 

\  « 

\  11 


Fall 
between 
points. 

Fall  per 
mile  1)0- 
twcen 
points. 

Feet. 

166 
217 

Feet. 

8.3 
6.2 

61 

20 

3 

82 

2.9 

2.2 

0.3 

27.3 

The  average  slope  of  the  East  branch  is  about  3.7  feet  per  mile,  and  of  the  West  branch,  below  Grand  lake,  about 
4.6  feet  per  mile.  From  Chipntneticook  lake  to  tide  the  fall  averages  7  feet  per  mile,  and  from  Grand  lake  to  tide 
6.3  feet  per  mile. 

The  flow  of  the  stream  is  naturally  very  constant,  and,  on  account  of  the  extensive  forests  and  the  large  area 
of  lake  surface,  might  be  made  more  uniform,  it  is  said,  than  that  of  any  other  large  river  in  the  state,  excepting 
the  Presumpscot  and  the  Fish  rivers.  The  total  number  of  lakes  in  the  basin  is  61,  covering  a  total  area  of  160 
square  miles,  or  1  square  mile  to  every  11  square  miles  of  basin.  The  following  table  gives  the  principal  of  these 
reservoirs :  . 

Principal  reservoirs  of  the  Saint  Croix  river. 


Kame. 


Lewey's  lake 

Long  lake 

Big  lake '. 

Grand  lake 

Pocnmpns  lake 

Machias  lake 

Sysledobsis  lake 

Sysledobsissis  lake  ... 

Horseshoe  lake 

Oxbrook  lake 

Shaw  lake 

Junior  lake ;... 

Mill-privilege  lake 

Scraggly  lake 

Pleasant  lake 

Duck  lake 

Chain  (two  lakes) 

Little  Elver  lake 

West  Mnsqua^h  lake . 

Mnsqnash  lake 

Farrer's  lake 

Tomah  (three  lakes) . . 
Clifford  (four  lakes)  . . 


Twenty-two  lakes  . 


Chipntneticook  lower  lake. . 
Chipatneticook  Grand  lake. 

Iforth  1  ake 

Lambert's  lake 

Enoch's  lake 


Five  lakes . 


Connected  with— 


Kennebasis  branch  . 
...do 


-do  . 
.do. 
-do  . 

do  . 
-do  . 
.do  . 
.do  . 
.do  . 
.do  . 

do. 

do  . 
.do 
.do. 

do. 
.do  . 

do. 
.do. 

do  . 
.do  . 
.do. 
.do  . 


Chipntneticook  bi-anch 

...do 

..do 

...do 

...do  


Approx- 
imate 


Sq.  miles. 
0.85 
1,25 
aU 
17 

2.50 
2 

7 

4 

0.75 

1 

1.75 

6 

0.75 

3 

2 

0.75 

1.50 

0.80 

3 

1.25 

0.75 

2 


Storage 
(1869). 


Feet. 

Slight  . 

...do  .. 

....do  .. 

8 

bS 


4 
4 
4 
3 
4 
7 
4 
Dam. 
5 


27 
25 

15 
6 

3.50 

3 

2 

4 

0.75 

Slight 

58.25    I. 


Addi- 
tional 
storajge 
feasi- 
ble. 


Feet. 
8 
6 
10 

(a) 


a  Several  feet. 


b  By  Grand  Lake  dam. 


1012  w  p_voT,  16- 


-10 
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Besides  those  named,  there  are  others  in  Kew  Brunswick.  Were  these  reservoirs  all  improved  to  their  full 
capacity  the  flow  of  the  river  would  be  very  constant;  as  it  is,  the  greatest  range  of  water  is  stated  at  only  about 
8  feet  and  the  freshets  are  comparatively  harmless.  Artificial  reservoirs  are  also  said  to  be  particularly  feasible,, 
there'being  considerable  areas  of  low  ground  along  the  river  cai}able  of  being  flowed,  and,  in  fact,  subject  to 
overflow  during  high  freshets.  The  storage  on  the  lake  was,  at  the  time  of  Wells'  report,  only  used  for  log-driving 
purposes.  The  rainfall  over  the  basin  is  about  10  inches  in  spring,  summer,  and  winter,  and  14  in  autumn,  or  44 
inches  annually,  on  the  average. 

The  stream  is  accessible  by  rail,  without  much  difiQculty,  up  to  the  junction  of  the  two  branches;  above  that 
it  is  more  dififtcult  of  access,  the  East  branch  especially. 

The  first  power  met  with  is  at  the  head  of  tide,  at  Calais,  the  rise  and  fall  of  the  tide  being  about  8  feet.  The 
first  fall,  known  as  "  Salt  Water  falls  ",  amounts  to  10  feet,  but  the  power  is  not  valuable,  on  account  of  interruptioo 
at  high  tide,  and  is  little  utilized.  At  Union  falls,  about  half  a  mile  above,  a  dam  extends  across  the  river,  and 
the  power  is  ]iartially  utilized.  The  fall  is  not  stated.  At  Salmon  falls,  a  mile  still  farther  up,  some  power  is 
also  used;  and  at  Milltown  there  is  also  power  in  use,  there  being  two  dams.  The  total  fall  in  Calais  is  said  to 
amount  to  72  feet,  and  the  facilities  for  its  complete  utilization  to  be  excellent.  The  minimum  power  cannot  be 
given  very  accurately,  but  is  probably  not  less  than  about  40  or  50  horsepower  (gross)  per  foot  fall  continuously,, 
or  about  double  that  amount  during  working  hours.  If  we  call  it  45  horse-power  continuously,  the  total  power  i» 
over  3,000  liorse-power  continuously,  or  nearly  7,000  horse-power  during  working  hours.  This  could  be  still  further 
increased,  and  by  a  considerable  amount,  were  the  lakes  better  improved. 

The  next  power  is  at  Baring  mills,  3  miles  above  Milltown.  A  dam  crosses  the  river,  giving  a  fall  of  10  feet,, 
and  the  power  is  partially  utilized.  The  width  of  the  river  is  about  500  feet  from  this  place  to  tide,  and  for  4  or  5. 
miles  above. 

Five  miles  above  the  Baring  mills  we  come  to  Sprague's  falls,  where  the  fall  is  25  feet,  affording  one  of  the  best 
powers  on  the  stream.  The  minimum  power  continuously  is  probably  not  less  than  40  horse-power  (gross)  per  foot 
fall,  or  1,000  horse-power  on  a  fall  of  25  feet,  or  about  double  this  amount  during  working  hours.  Were  the  reservoirs 
improved  to  their  full  capacity  the  available  power  here  and  below  would  probably  be  increased  to  125  horse-power 
per  foot  fall  continuously,  and  during  ordinary  years  it  probably  does  not  fall  below  60  horse-power  per  foot  fall,, 
or  1,500  horse-power  on  a  fall  of  25  feet  continuously. 

At  Enoch's  rips,  half  a  mile  above  Sprague's  falls,  the  fall  is  9  feet,  and  the  quantity  of  water  about  the  same- 
as  at  the  latter  privilege. 

The  last  fall  below  the  junction  of  the  two  branches  of  the  river  is  Grand  falls,  G  miles  above  Enoch's  rijjs,  and 
just  below  the  junction.  The  falls  consist  of  two  pitches,  about  half  a  mile  apart,  each  i)itch  having  a  descent  of 
about  18  feet.  The  privilege  is  one  of  the  finest  on  the  river.  The  drainage  area  measures  about  1,400  square  miles, 
and  the  minimum  power  is  probably  in  the  neighborhood  of  40  horse-power  (gross)  per  foot  fall  continuously,  or  1,440 
horse-power  on  a  fall  of  36  feet.  Witli  complete  utilization  of  the  reservoirs,  so  as  to  render  available  the  maximum 
with  storage,  the  power  could  be  probably  increased  to  from  110  to  120  horse  power  per  foot  continuously.  The 
extent  to  which  the  power  on  this  stream  may  be  improved,  by  the  improvement  of  its  reservoir  facilities,  renllers^ 
it  remarkable  among  the  rivers  of  the  state. 

The  West  branch,  or  Kennebasis  river,  also  known  as  the  Schoodic  river,  drains  a'n  area  of  about  766  square 
miles,  and  includes  a  large  extent  of  lake  surface.  Its  flow  is  therefore  very  uniform,  and  its  powers  are  excellent. 
Between  its  mouth  and  Big  lake,  a  distance  of  about  10  miles,  the  fall  is  about  20  feet,  including  several  rapids  and 
one  improved  privilege,  with  a  fall  of  8  feet.  The  storage  on  the  lakes  is  used  only  for  log-driviug,  but  if  used  for 
regulating  would  improve  the  powers  very  much.  The  principal  fall  on  the  stream  occurs  between  Big  lake  and 
Grand  lake,  amounting  to  82  feet  in  a  distance  of  about  3  miles.  At  the  head  of  the  fall  a  dam  was  built  in  1867 
by  the  Saint  Croix  Log-Driving  Company,  to  hold  a  depth  of  about  8  feet  on  Grand  lake.  The  privilege  is  said  to 
be  a  most  excellent  one,  and  the  power  would  be  unfailing  on  account  of  the  large  storage  above.  There  are  other 
good  powers  in  the  neighborhood,  mostly  unimproved  ;  thus  the  East  and  West  Musquash  streams,  outlets  of  lakes 
of  the  same  names,  fall  100  and  60  feet  respectively  in  their  course  to  Big  lake,  the  outlet  of  Wawbawsoos  or  Machias 
lake  falls  40  feet  in  a  short  distance,  and  the  outlet  of  Upper  Chain  lake  falls  30  feet  to  lake  Sysledobsis.  All  of 
these  powers  are  comparatively  constant. 

The  Chiputneticook,  or  East  branch  of  the  Saint  Croix,  has  likewise  a  number  of  good  privileges,  of  which 
Wells  names  the  following:  Grand  Chiputneticook  falls,  2  miles  above  mouth,  21  feet  fall  in  three-quarters  of  a 
mile;  Canoose  rips,  10  miles  above  mouth,  11  feet  fall  in  half  a  mile;  Haycock  rips,  13J  miles  from  mouth,  6  feet 
fall  in  half  a  mile;  Meeting-House  rips,  15  miles  from  mouth,  8  feet  fall  in  a  mile;  Eocky  rips,  3  miles  long,  the  foot 
being  16  miles  above  mouth,  25  feet  fall;  Mile  rips,  1  mile  long,  the  foot  30  miles  from  mouth,  23  feet  fall;  Kill-me- 
quick  rips,  34  miles  from  mouth,  10  feet  fall  in  half  a  mile.  These  are  all  below  Chiputneticook  lake,  at  the  outlet  of 
which  the  Saint  Croix  Log-Driving  Company  has  erected  a  dam  holding  a  storage  of  15  feet  on  the  lake.  Between 
the  latter  and  Grand  lake,  in  a  distance  of  about  3  miles,  there  is  a  fall  of  about  60  feet,  the  upper  lake  being  also- 
controlled  by  a  dam.    This  power  is  said  to  be  a  good  one. 

It  is  evident  that  the  Saint  Croix,  like  all  the  other  streams  of  Maine  yet  described,  offers  a  number  of  good 
sites,  and  the  table  of  utilized  power  shows  that  the  amount  of  power  at  present  in  use  is  small. 
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THE  SAINT  JOHN  RIVER  IN  MAINE. 

This  stream,  the  last  to  be  coDsiclered  iu  this  report,  drains  the  Dorthern  slope  of  the  state  of  Maine,  comprising 
all  the  area  included  between  its  northern,  eastern,  and  western  boundaries,  and  the  drainage  basins  of  the  streams 
which  have  been  described  iu  the  previous  pages.  The  course  of  the  river  is  circuitous.  The  main  stream  is 
formed  almost  on  the  northern  boundary  of  Somerset  county  by  the  union  of  several  branches,  the  Northwest  branch 
rising  iu  Canada  and  flowing  southeast ;  the  Southwest  branch  flowing  in  a  northeasterly  direction  and  forming  for 
almost  its  entire  length  the  western  boundary  of  the  state  ;  and  the  South  branch,  rising  in  Somerset  county  and 
flowing  n»rth.  From  the  junction  of  these  branches  the  stream,  known  in  the  upper  part  of  its  course  as  the 
Woolastook,  flows  first  northeast  to  the  northern  boundary  of  the  state,  then  east  and  southeast,  passing  into  New 
Brunswick  and  bending  toward  the  south,  only  to  bend  once  more  and  flow  nearly  eastward  to  the  sea.  According 
to  Wells,  "  the  total  length  of  the  Saint  John,  in  Maine,  is  estimated  as  not  far  from  211  miles,  including  the  more 
important  meanderings",  while  "its  total  length,  from  its  remotest  sources  to  the  sea,  is  about  450  miles".  According 
to  the  same  authority,  "  the  area  of  the  whole  Saint  John  basin  is  26,000  square  miles",  while  that  part  in  Maine 
measures  7,400  square  miles.  My  own  measurement  of  the  Maine  basin  gave  its  area  as  about  8,000  square  miles. 
As  no  map  of  Canada  was  at  hand,  I  have  not  been  able  to  measure  the  total  drainage  basin  of  the  stream  above 
certain  points,  but  on  account  of  the  small  amount  of  power  on  the  river  this  is  not  important.  Next  to  the  basin 
of  the  Androscoggin,  that  of  the  Saint  John  is  the  most  elevated  in  Maine,  but  its  height,  as  Wells  remarks,  is  due 
to  a  considerable  altitude  over  its  whole  extent,  rather  than  to  an  extreme  elevation  in  any  part.  "  It  is,  therefore, 
indicative  and  productive  of  less  fall  and  power  on  the  streams  than  are  found  upon  equal  areas  of  the  southern 
slope."  "  The  elevation  of  the  river  above  tide  at  the  eastern  boundary  of  the  state  is  419  feet,  and  at  the  mouth 
of  the  Saint  Francis,  606  feet.  The  distance  being  about  70  miles,  the  mean  slope  is  at  the  rate  of  2.7  feet  per 
mile."  At  the  junction  of  the  three  branches  the  elevation  of  the  stream  is  probably  about  750  feet ;  the  mean 
slope  from  this  point  to  the  eastern  state  boundary  is,  therefore,  about  2.1  feet  per  mile,  and  to  the  "mouth  of  the 
Saint  Francis,  88  miles  according  to  Wells,  about  1.6  feet  per  mile.  The  slope  is  therefore  much  less  than  that  of 
any  stream  of  large  size  in  Maine,  and  the  river  is  of  comparatively  little  value  as  a  source  of  i)Ower.  Wells  states 
that  it  is  navigable  for  its  whole  length  in  Maine. 

The  drainage  basin  of  the  stream  iu  Maine  is  almost  entirely  covered  by  ui;broken  forests,  and  is  topographically 
very  uniform  in  character.  "  In  the  eastern  or  lower  portion,  bordeiing  the  river,  the  face  of  the  country  is  very 
nearly  level,  and  at  a  distance  from  it  gradually  becomes  undulating  and  moderately  hilly,  until  it  subsides  into 
and  is  merged  in  the  flat  couutry  bordering  the  Aroostook  river.  Highlands  of  low  elevation  diversify  its  aspect 
in  the  mid-district  about  the  mouth  of  the  Saint  Francis  and  Allaguash  rivers.  Beyond  the  confluence  of  these 
streams  the  valley  of  the  upper  Saint  John  is  quite  level  nearly  to  the  boundary  highlands  on  the  west  and  southwest. 
Accordingly,  large  portions  of  it  are  swampy,  the  pitch  of  the  water-sheds  not  being  sufficient  to  throw  off  the 
surplus  water  into  the  drainage  channels."  "  Rock  is  less  exposed  than  on  the  southern  slope,  and  building  stone 
less  easily  procurable." 

In  regard  to  the  flow  of  the  stream,  although  no  measurements,  or  even  observations,  have  been  made,  it  would 
seem  to  follow,  from  the  immense  forests,  the  uniform  topography,  and  the  uumeious  lakes,  that  the  minimum  flow 
must  be  large ;  while,  on  the  other  hand,  the  rise  in  freshets,  on  account  of  the  small  slope  of  the  stream,  may  be 
also  quite  large.    The  following  table,  from  Wells,  gives  the  lakes  in  the  basin: 

Principal  reservoirs  of  the  Saint  John  river  in  Maine. 


ITame. 


Connected  with — 


Approxi- 
mate area. 

Storage 
(1869). 

Addi- 
tional 
storage 
feasible. 

Sq.  miles. 

1 

10 

2.60 
1.60 
1.30 
3 

1.25 
2.50 
6 

3.60 
1 

1.10 
1.20 
6 
1 

FeeL 

Feet. 

6 

4 

12 

Name. 


Connected  with- 


Approxi- 
mate  area. 


Storage 
(1869). 


Addi- 
tional 
storage 
feasible. 


Chapman  Plantation  lake 

Sqnawpan  lake 

Saint  Croix  Lake,  in  "So.  8,  B.  4 

Two  ponds  in  No.  8,  E.  3 

Tracy  pond,  No.  7,  E.  4 

ITmcoJcQspond ■ 

Pond  in  No.  7,E.  6 

Sapompeag  ponds  (two) 

MUlnokett  lake 

Little  MiUnokett  lake 

Nio.  7  pond,  above  MUlnokett . . 

Pond  in  No.  7,E.  10 

Pond  in  Nos.  7  and  8,  E.10 

Hanenngun  lake 

Pond  below  Uansongnn  lake  . . 


Aroostook  river. 
...do  


..do  . 
..do. 
..do. 
..do  . 
..do. 
..do  ■ 
.do. 
..do. 
do. 
.do. 
.do. 
.do. 
.do. 


Three  ponds  above  Mansnn- 

gnn  lake 

Pond  north  of  Mansnngon  lake 

Goddard's  pond 

Mooseleuk  lake,  in  No.  9,  E.  8., 

Big  Machias  lake 

Pond  south  of  Big  Machias  lake 

LakeinNo.ll,  E.8 

Lake  in  No.  11,  E.  9 

Nashville  Plantation  pond 

Salmon  Brook  lake 

Madawska  lake 


Aroostook  river. 
,...do 


Thirty  ponds . 


...do. 
...do  . 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 


Sq.  miles. 

1. 60 

1.10 

0.90 

3 

2 

1 

3 

1.10 

1 

1 

4 


Feet. 


69.96 


Dam,  12 
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Principal  reservoirs  of  the  Saint  John  river  in  Maine— CoutinneA. 


Name. 


Keeobscus  pond,  upper 

Keeobscus  poDd,  lower  — 

Pataquongomis  late 

The  Five  lakea 

The  Long  lakes ■ 

LateinKo.  10,  E.  13 

Cbemqnasabamtic  lake 

Heron  or  Harrow  1  ake,  in  No,  10 . 

Churchill  lake 

Heron  lake,  in  No.  8 

Pomgocwahem  lake 

Indian  lake 

Spider  lake 

Pleasant  lake 

Soper  flowage  and  pond 

Smith  brook  flowage 

Pomgocquamoc  lake 

Pillabury  pond 

Mad  pond,  in  No.  9,  B.  12 

Kussell  stream  (three  ponds)  . 
Four  ponds  above  Spider  lake 


Twenty-eight  ponds. 


Medusnakeag  lake 

New  Limenck  (three  ponds) . 

Caldwell  lake 

Spalding's  lake 

No.  9  lake 

B.lake 


Eight  lakes. 


Connected  with — 


AUaguash  river. 

...do 

...do 

...do 

...do 

...do 


.do. 
.do. 
.do. 

do  . 
.do  . 
.do. 
.do. 
.do  . 

do. 
.do  . 
,  do. 
.do. 
-do  . 
..do. 
.do. 


Apptoxi. 
mate  area. 


Storage 
(1869). 


.  miles. 

1 

1.15 

2.75 
11 
10 

3 

8 

2.75 

8 

i 
11 

3 

4 

4 

2 


1,50 
1.50 
2.25 
3 


Addi- 
tional 
storage 
feasible. 


Feet. 


Dam,  6. 
Dam,  5. 


Dam,  10 
Dam,  12 

Dam 

Dam,«.. 
Dam,  8 


84.90 


Medusnakeagriver 
...  do  


do  . 

.do  . 
..do. 
..do. 


3.75 

1.60 

1 

2.25 

1 

1 


10.50 


Many. 


(o) 
(6) 


(0) 
(0) 


Daro  . . 
Dams. 


Name. 


Cleaveland,  or  Long  lake  — 

Second,  or  Bear  lake 

Cross,  or  Preblo  lake 

Square,  or  Sedgwick  lake. . . 

Eagle,  or  Winthrop  lake 

Saint  Froid,  or  Long  lake  ... 

Portage  lake 

Fish  River  lake 

Ponds  northwest  of  Spruce  lake 

The  Long  ponds  in  No.  17,  K.  6. 

Five  ponds  above  Fish  Eiver 

lake 


Fifteen  lakes  . 


Three  ponds  in  No.  15,  E.  7. . 

Glazier's  lake 

Beau  lake 

Pohenagamook  lake 

CaEcade  Brook  lake 

Cascade  Brook  upper  lake  . . 

Chimenticook  lake 

Depot  lake 

Ishaeganalshegeck  lake 

Baker  lake 

Francis  lake 

Lake  north  of  Francis  lake. 

Turner  brook  lake 

Woboostook  lake 

TTpper  Woboostook  lake 

Two  lakes  in  No.  4,  E.  17  . . . 


Nineteen  lakes. 


Connected  with- 


Fish  river  . 

...do  

...do  

...do 

...do 

...do 

...do  

...do 

...do 

...do 


.do  . 


Saint  John  river . 

...do 

..do 

..  do 

...do 

...do 

..  do 

..  do 

...do    

...do 

...do 

...do 

...do 

...  do 

...do 

...do 


Approxi- 
mate area. 


Sq.  miles. 
19 

2 

6 
15 
22 

5.50 

8.50 

7 

1 

1.25 

2.75 


89.00 


1.50 

3 

5 

4.50 

2.75 

1 

4.50 

3.50 

1.75 

4 

0.90 

1 

1.10 

2.50 

1 

2.25 


36.65 


Storage 
(1869). 


Addi- 
tional 
storage 
feasiDle. 


Feet. 


Dam. 


Feet. 


(«) 


a  Formerly  a  21-foot  dam. 


b  Formerly  several  feet. 


c  Several  feet. 


The  foregoing  one  hundred  principal  lakes  and  ponds  cover  ii78  square  miles.  The  total  number  of  lakes  in 
the  basin  is  206,  covering  350  square  miles.  It  has  already  been  remarked  that  some  36  square  miles  of  lake  surface 
naturally  belonging  to  the  Saint  John  have,  by  artificial  means,  been  made  tributary  to  the  Penobscot.  It  is, 
however,  probable  that  a  number  of  small  lakes  and  ponds  in  the  wild  parts  of  the  basin  are  not  represented  on 
any  map,  so  that  the  area  of  lake  surface  is,  perhaps,  even  greater  than  stated  above. 

The  rainfall  over  the  basin  of  the  Saint  John  in  Maine  averages  about  38  inches,  10  in  every  season  except 
spring,  when  the  fall  is  only  about  8  inches. 

The  greater  part  of  the  valley  of  the  Saint  John  is  exceedingly  inaccessible,  lying  far  removed  from  roads  or 
railroads.  The  main  river  is  followed  quite  closely  by  a  railroad  from  Frederickton,  New  Brunswick,  up  to 
Edmunston,  on  the  northern  boundary  of  Maine,  but  with  this  exception  no  railroad  penetrates  the  basin.  The 
water-powers  are  therefore  little  known  and  will  be  long  undeveloped,  and  a  bare  mention  of  the  more  important 
ones  will  be  quite  sufficient  for  the  purposes  of  this  report. 

The  census  returns  show  but  one  mill  in  Maine  on  the  river ;  there  are,  however,  a  few  falls  which  may  be 
named :  Fish  Eiver  rapids,  about  a  mile  below  the  mouth  of  the  Fish  river,  is  said  to  be  a  good  site,,  a  fall  of  16 
feet  being  available,  and  the  bed  and  banks  favorable  for  utilization.  No  other  site  is  mentioned  below  the  mouth 
of  the  Saint  Francis,  but  above  that  point  several  are  named.  There  are  said  to  be  two  in  township  No.  13,  range 
14;  one  in  No.  14,  range  14;  two  in  No.  12,  range  15;  one  in  No.  13,  range  15;  several  in  No.  11,  range  16;  and 
three  in  No.  12,  range  16.  These  powers  are  unimproved,  inaccessible,  little  known,  and  of  small  value  at  the 
present  time. 

Teibutaries  of  the  Saint  John  River.— Of  the  tributaries  of  the  Saint  John,  the  first  which,  offers  any 
power  in  Maine  is  the  Meduxnelceag  river,  which  drains  about  427  square  miles  in  Maine,  and  affords  a  number  of 
sites,  improved  only  to  a  small  extent. 

The  Presque  Isle  river  drains  209  square  miles  in  Maine,  and  also  affords  some  powers,  partially  improved. 

The  principal  tributary  of  the  Saint  John  in  Maine  is  the  AroostooJc  river,  which  drains  about  2,550  square 
miles  in  all,  and  about  2,500  in  Maine.  Eising  at  an  elevation  of  about  1,050  feet,  the  stream  falls,  in  its  course  of 
about  117  miles,  to  an  elevation  of  345  feet  at  the  state  line,  making  an  average  fall  of  about  6  feet  per  mile,  or  much 
greater  than  that  of  the  Saint  John.    The  stream  affords  a  number  of  powers,  of  which  Wells  mentions  several, 
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but  none  of  great  importance.  The  census  returns  show  no  power  utilized  on  the  stream.  Its  tributaries  liliewise 
aflforcl  many  powers,  mostly  unutilized.  In  accordance  with  the  general  character  of  the  country,  none  of  the  falls 
are  extensive  or  precipitous,  but  are  generally  rapids,  extending  over  some  distance. 

The  Fish  river,  the  outlet  of  an  extensive  chain  of  lakes,  affords  at  Fish  Eiver  mills,  l«]ile  above  its  mouth, 
a  fall  of  18  feet.  The  extensive  reservoirs  above  make  this  stream  one  of  the  best  in  the  whole  drainage  basin, 
and  its  power  could  be  much  improved.  There  are  other  powers  on  the  river,  notably  two  in  Wallagras  plantation, 
one  with  a  fall  of  20  feet,  and  the  other 'at  the  outlet  of  Eagle  lake,  a  little  above,  where  a  dam  could  be  built, 
raising  the  lake. 

The  AUaguash  rivtr  is  the  second  largest  tributary  of  the  Saint  John  in  Maine,  draining  about  1,650  square 
miles.  Rising  in  the  northern  part  of  Piscataquis  county,  in  Chamberlain  lake,  it  flows  nearly  northward  for  a 
distance  of  about  60  miles,  measured  in  a  straight  line,  falling  308  feet,  or,  according  to  Wells,  a  little  over  3  feet  per 
mile.  A  number  of  powers  occur  about  its  headwaters,  possessing  at  least  the  merit  of  constancy.  Chamberlain 
lake  is  dammed  to  a  height  of  12  feet,  forming  a  considerable  reservoir,  while  above  the  lake,  in  township  No.  8, 
range  13,  are  several  precipitous  falls,  one  of  15  feet  and  others  smaller,  the  stream,  however,  being  small.  In 
township  i^o.  10,  range  12,  there  is  a  series  of  rapids  on  the  main  stream,  with  a  total  fall  of  45  feet  in  a  mile  or 
less.  No  other  falls  are  mentioned  in  the  remainder  of  the  course  of  the  stream,  or  for  45  miles  in  a  straight  line. 
The  census  returns  show  no  power  used  on  the  river. 

The  Saint  Francis  river,  which  enters  the  Saint  John  from  the  north,  and  forms  the  remainder  of  the  northern 
boundary  of  the  state  of  Maine,  is  said  to  afford  a  good  power  at  its  mouth,  with  an  available  fall  of  30  feet. 

The  Wootiastook,  by  which  name  the  Saint  John  is  known  above  its  confluence  with  the  Saint  Francis,  is  a. 
stream  similar  to  the  AUaguash,  and  its  powers  have  already  been  noticed.  On  many  of  its  tributaries  are  found 
rapids,  but  no  powers  of  much  value,  for  the  present  at  least. 

It  is  evident,  from  what  has  preceded,  that  the  power  in  the  basin  of  the  Saint  John  is  smaller  in  amount  and 
less  in  value  than  that  in  any  other  large  drainage  basin  of  the  state.  Not  only  are  the  streams  comparatively 
sluggish  and  the  ledges  of  rock  little  exposed,  but  the  inaccessibility  of  the  district  alone  is  sufficient  to  renderi 
almost  valueless  any  powers  which  may  exist.  The  day  may  come  when  these  streams  may  be  developed  as 
sources  of  power,  and  a  large  amount  of  power  could  be  obtained  from  them,  and  power  which  would  be  reliable 
throughout  the  year,  but  many  years  must  elapse  before  any  industries,  except  the  lumbering,  seek  this  region. 

In_  regard  to  the  state  of  Maine  as  a  whole,  one  cannot  fail  to  realize  that  the  resources  of  the  state  are 
remarkable  as  regards  both  the  amount  and  the  constancy  of  its  power.  As  its  industries  develop,  its  water-power 
must  receive  increased  attention. 

Summary  of  drainage  areas  of  the  rivers  of  Maine. 


stream. 


Mousani  riTer  . 

Do 

Saco  river 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Little  Ossipee  river. 
Great  Ossipee  river. 

Do 

Do 

Bear  Camp  river 

"Upper  Kezar  river. . . 

East  brancti  of 

Fresnmpscot  river. . . 

Do 

Do 

Yarmouth  river 

Androscoggin  river.  - 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  -what. 


Atlantic  ocean 

....do 

...do  

...do 

...  do 

....do  

...  do 

....do 

...  do  

...do 

Saco  river 

...do 

..    do 

....do  

Great  Ossipee  river 

Saco  river 

...do  

Atlantic  ocean. 

...do 


..do. 
..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do. 
..do. 
.do. 
.do. 


Above  what  place. 


Mouth   

Kennebunk 

Mouth 

Saco  and  Biddelbrd. 

Union  Falls 

Salmon  Falls 

Bonny  Eagle  Falls.. 

Highland  rips 

GreatFalls 

Fryebnrg 

Mouth 

...do 

Kezar  Falls 

Effingham  falls 

Mouth 

....do 

....do 

...do .'. 

Saccarappa 

Outlet  of  lake 

Mouth 

Brunswick 

Lisbon 

Lewiston 

Turner  Centre  falls . . 

Turner 

Livermore  Falls 

Jay  falls 

Capen's  rips 


Drain- 
age 
area. 


Sq.m. 
1.57 
150 
1,753 
1,734 
1,677 
1,628 


1,578 

1,366 

856 

439 

158 

470 

430 

340 

157 

129 

39 

726 

646 

498 

164 

3,698 

3,659 

3,120 

3,070 

2,856 

2,689 

2,664  ! 

2,635  I 


Stream. 


Androscoggin  river 

Do 

Do 

Little  Androscoggin  river 

Do. 

Twenty-M jle  river 

Sabattus  river 

Dead  river 

Webb's  river 

Swift  river 

Ellis  river 

Wild  river 

Outlet  of  chain  of  lakes. . . 

Magalloway  river 

Kennebec  river 

Do 


Do 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do., 

Do. 


Cobbosseecontee  river . . 
Emerson  stream 


Tributary  to  what. 


Atlantic  ocean.. 

...do 

...do 


Androscoggin 
river. 

...do 

...do  

...do 

...do 

..  do 

...do 

...do 

...do 

..do 

...do  

Atlantic  ocean. 

...do 

...do 


.do  . 
do  . 
.do. 
.do  . 
.do  . 
do  . 
do  . 
.do. 


Kennebec  river. 
...  do 


Above  what  place. 


Eumford  Falls. 

Gorbam 

Berlin  falls 

Mouth 


Mechanics'  Falls 

Mouth  

...do  

...do 

...do  

...do 

...  do 

...do 

...do  

...  do 

...do  

Augusta 

Waterville  (without  Se- 
basticook). 

Kendall's  Mills 

Somerset  Mills 

Skowhegau 

Non-idgewock 

Madison 

Caratunk  falls 

Moxie  lips 

Outlet    of    Moosehead 
lake. 

Mouth 

...do 


Drain- 
age 
area. 


Sq.m. 
2,223 
1,529 
1,477 
381 

270 
189 
100  ± 
138  ± 
169 


175 

66 

760 

416 

6,404 

5,907 

4,475 

4,467 
4,459 
4,176 
4,137 
3,439 
2,970 
1, 453 
1,296 

292 

diss 


a  Wells. 
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Summary  of  drainage  areas  of  the  rivers  0/ ilfaine— Continued. 


Tributary  to  what. 


Sandy  river 

Do 

Do 

Do 

Carrabasset  river 

Dead  river 

Weeserunsett  river...  . 

Sebasticook  river 

Do 

Do 

{No  name) 

Do 

Sheepacot  river 

Damariscotta  river 

Medomac  river 

Saint  George  i-iver 

Penobscot  river 

Do 

Do 

Do 

Do 

Do 

Do.. 

Do 

Do 

Do 

Marsh  river 

Sowadabscook  river 

Kendaskeag  river 

Pushaw  river 

Passadamkeag  river 

Piflcataqais  river 

Do 

Do 

Do 

Do 

Seboois  river 

Outlet  of  Schoodic  lake. 

jPleasant  river , 

.■Sebec  river 

Do ■.... 

Idattawamkeag  river . . . 

Do , 

^olunkns  river 


£askahegan  river, 
ll^orth  branch  of . . 


Kennebec  river. . 

....do  

...do 

...do 

..  do 

...do 

...  do 

...do 

...  do  

...  do 

Sebasticook  river 

....do 

Atlantic  ocean. .. 

...do 

...do 

...do 

...do , 

...do 

...do 

...do  

...do    

...do    

..  do 

...do 

..do 

...do 

Penobscot  river  . . 

...do 

...do 

...do 

..do 

...do 

..do 

..  do 

...do 

...do 

Piscataquis  river . 

...do 

...do 

...do  

...do  

Penobscot  river  , . 
...do  


Mattawamkeag 
river. 


.do. 
do. 


Above  what  place. 


Mouth 

Dickerson's  rips 

North  Sharon 

Farniington  Falls 

Mouth 

...do 

...do 

....do 

Lower  falls 

Hunter's  Mills 

Month 

...do 

...do  

...  do  

...do  

....do 

...  do 

Bangor 

Orono 

Oldtown 

Month  of  Passadumkeag 
Mouth  of  Piscataquis  . 

Island  rips 

Grand  Falls 

Eippogenus  falls 

Pine  Stream  rips 

Mouth 

...do 

...do 

...do 

..do 

...do 

Maxfleld 

Medford 

Mouth  of  Pleasant  river 

Dovervillage 

Mouth 

...do 

...do  

...do  

...do  

...do 

Slugunda  falls 

Mouth 


.do. 
.do  . 


Drain; 
age 
area. 


Sq.m. 

666 

603 

577 

482 

366 

1,021 

167 

1,088 

996 

887 

186 

376 

248 

16 

118 

228 

8,785 

7,898 

7,846 

7,329 

7,166 

5,202 

4,962 

3,375 

1,512 

835 

156 

166 

229 

231 

402 

1,541 

1,359 

1,251 

792 

387 

175 

58 

434 

298 

270 

1,633 

1,446 

273 

214 
183 


Stream. 


South  branch  of. . 


Salmon  river 

East  branch  of 

Outlet  of  Seboois  lakes. 


Millinoket  river 

Cancomgomock  river . 

Middle  branch  of 

South  branch  of 

Union  river 

North  branch  of 

South  branch  of 

Narragnagns  river 

Pleasant  river 

West  Machias  river  . . 

Do 

Do 

Do 

East  Machias  river . . . 

Denny's  river 

Saint  Croix  river 

Do 

Do 

Do. 

Chiputneticook  river . 

Do 

Do 

Saint  Croix  river 

»o 


Schoodic   or  Kennebasis 
river. 

Do 

Saint  John  river 

Meduxnekeag  river. . 

Do 

Presqne  Isle  river 

Aroostook  river 

Do 

Do 

Little  Madawaska  river. . 

Great  Machias  river 

Fish  river 

Do 

Do 

Allagnash  river 

Woonastook  river 


Tributary  to  what. 


Mattawamkeag 
river. 

Penobscot  river  . 

....do  

East  branch  Pen- 
obscot  river. 

Penobscot  river . . 

...do 

...do 

...do 

Atlantic  ocean . .  - 

Union  river 

...do .... 

Atlantic  ocean. .. 

...do 

..  do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 

Saint  Croix  river. 

...do 

...do 

Atlantic  ocean. . . 

..  do 


Above  what  place. 


Saint  Croix  river. 


...do 

Atlantic  ocean 

Saint  John  river . . 

...do 

..do 

..  do 

...do  

...do  

Aroostook  river  . . 

...do , 

Saint  John  river . . 

...do 

...do 

..  do 

...do 


Mouth . 


....do. 

do  . 

....do. 


....do , 

...do  

....do 

...do 

...do 

...  d« 

...do 

...do 

...do 

...do 

Whitney 

Centreville 

Northfleld 

Month 

...do  

Calais  (Union  falls) . . 

Baring 

Sprague's  Falls 

Junction  of  two  branches 

...do  

Kocky  rips  : 

Vanceborough 

In  Maine,  above  Calais. 

In     New    Brunswick, 
above  Calais. 

Mouth 


Mouth  of  Long  lake 

In  Maine 

Mouth 

In  Maine 

..  do 

Mouth 

In  Maine = 

Mesardis 

Mouth 

..  do 

...do  

Fish  Kiver  mills 

Outlet  of  Eagle  lake . . . . 

Mouth 

Total  above  mouth  of 
Little  Black  river. 


Drain- 
age 


Sq.m. 
326 

116 
923 
304 

171 

234 

244 

206 

584 

214 

145 

260 

196 

458 

436 

419 

402 

345 

158 

1,674 

1,511 

1,496 

1,400 

634 

518 

437 

1,102 

672 

-766 


7,998 

662 

427 

209 

2,656 

2,498 

92« 

232 

378 

938 

910 

816 

1,648 

2,741 


Table  of^potcer  utilized  »n  the  coast  streams  of  Maine. 


Name  of  stream. 


Mousam  river  .... 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of  the . 

Do 

Kennebunk  river  . 
150 


Tributary  to  what. 


Atlantic  ocean. 

...do 

....do 

...do 

...do 

...do 

...do  

Mousam  river  . 

...do , 

Atlantic  ocean. 


State. 


Maine  . 
...do.. 
...do.. 
...do.. 
...do.. 
...dp  .. 


.do. 
.do. 
.do  . 
do. 


County. 


lork  . 

...do. 

...do. 
...do. 
...  do. 
...do. 
....do  . 
....do. 
....'do  . 
...do  . 


Kind  of  mUl  or  manufacture. 


Woolen , 

Cotton 

Boots  and  shoes 

Boot  and  shoe  findings. 
Snsh,  door,  and  blind. . . 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

....do  


a 

1 

<H 

g 

1 

,  1 

q 

.S 

f^ 

tH 

Feet 

2 

24 

2 

28 

1 

17 

1 

24 

1 

10 

3 

32 

5 

63 

2 

41 

6 
3 

91 
32 

210 

226 
3« 
200 
62 
90 
196 
100 
28S 
104 
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Kame  of  stream. 


Saco  river 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

Do , 

Do 

Xittle  Oasipee  river . 

Do 

Do 

Do 

Do 

■Great  Oasipee  river . 

Do 

Do 

Do...- 

Do 

Bo 

-Other  tributaries  — 

Do 

Do 

Do 

Do 

Do 

Do... 

Tributaries  of  the  . . . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Presnmpscot  river . . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

.Androscoggin  river. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what. 


Atlantic  ocean. 

...do 

...do  

...do 

...do 

...do , 

...do 

...  do 

...  do 

...do 

Saoo  river 

...  do  

...do 

...  do 

...  do 

...do 

...do 

...do 

...do  

...do 

...  do 

Atlantic  ocean. 
...  do 

...do 

...do 

...do 

...do 

..do 

Saco  river 

...  do 

...do 

...do 

...do 

...do    

...do 

..  do 

...do 

...do 

..do 

..do 

...do 

Atlantic  ocean. 

..do 

...do 

...  do 

...do  


..do. 
..do. 
..do. 
.  do. 
..do  . 
..do  . 
..do. 
..do. 
.  do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
.do. 
.do. 
.do. 


State. 


Maine 

..do 

...do  

...do  

...do 

...do... 

..  do 

...  do 

....do 

...do , 

...do 

...do 

...do 

...  do 

...do 

...do 

...do    

^ew  Hampshire  . 

...do 

...  do 

...  do 

Halno 

...  do 

...  do  

...do , 

...  do 

...do 

..  do 

New  Hampshire. 

...do 

..  do 

...  do 

...do 

...do 

...do  

..  do 

...do 

...  do 

...do  

...do  

...do 

Halne 

..do 

...do  

...do 

...do 

...do 

...do 

...  do 

...  do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 


County. 


York 

...do 

..  do 

...do  

...do  

...do 

Cumberland  ■ 

..  do 

Oxford 

.-do 


Tort 

...do 

...do 

...do 

...do 

...do 

...do 

Carroll 

...do 

...do 

...  do  

York 

._.do 

...do 

...do 

...do 

...  do 

...do 

Carroll 

...do  

...do 

...do 

...do 

...  do  

...do 

...do 

...  do  

...do  

...do 

...do 

...do 

Cumberland  . 
....de 


...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do  

...do 

...do 

...do 

...do 

Sagadahoc 

...do 

...do 

...do 

Androscoggin  . 
...do 


Kind  of  mill  or  manufactnre. 


.da. 
..do. 
.do. 
.do. 
do. 


Cotton 

Woolen 

Fonndery 

Flour  and  grist 

Saw 

Cotton  and  woolen  machinery 

Flour  and  grfet 

Saw 

...do 

■WhcelwrigMing 

Foundery 

Leather-board 

Flour  and  grist 

Saw 

Woolen 

Flour  and  grist 

Saw 

Blacksmithing 

Woolen 

Flour  and  grist 

Saw 

Furniture 

Tannery  

Wheelwrightlng 

Carriages  and  wagona  ... 

Flour  and  grist 

Saw 

Woolen 

Woolen 

Boxes 

Carriagea  and  wagons ... 

Excelsior 

Furniture 

Planing 

Tannery 

Flour  and  grist 

Saw 

Paper 

Sash,  door,  and  blind 

Spool  and  bobbin 

Wheelwrightlng 

Silk 

Cotton 

Flour  and  grist 

Saw 

Leather-board 

Wood-pulp 

Machinery 

Gunpowder 

Paper 

Flour  and  grist 

Saw 

Wood-pulp 

Machinery 

Cotton 

Paper  

Saw 

Flour  and  grist 

Sash,  door,  and  blind 

Wood-turning 

Leather-board 

Pulp 

Cotton  and  woolen  machinery 

Shirts 

Bobbina  and  spools 

Lasts 


2 
1 
5 
23 
2 
i 
1 
1 
2 
2 
2 


Feet. 
61 
10 

6 
30 
145 
16 
12 
24 

9 
11 
10 
18 
18 
49 
12 

8 
34 
11 

9 

7 
35 
16 
14 
22 
10 
73 
261 


10 
7 
21 
37 
64 
8 
61 
368 
11 
11 
38 
29 
18 
55 
16 
67 
16 
26 
32 
18 
20 
15 
28 
14 
15 
16 
15 
14 
14 
14 
27 
16 
12 


151 


H 
f 


4,600 

50 

12 

160 

750 

100 

60 

146 

50 

6 

30 

loo 


120 
45 
30 
12 
30 
40 

120 

30 

14 

17 

5 

104 

599 
78 
43 
8 
20 
55 
48 
40 
25 

145 


12 
79 
35 
30 

on,  000 

50 

200 

50 

1,600 

ioo 

500 

2,000 

30 

375 

150 

4 

800 

750 

4* 


1^ 
l66 
350 
2 
10 
12 
10 
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Kame  of  streaxa. 


Androscoggin  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.. 

Do 

Sabattos  river 

Do 

Do 

Do 

Do 

Little  Androscoggin  river . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Twenty -Mile  river 

Do 

Do 

Do 

Do 

Webb's  river 

Do 

Do 

Do 

Do 

Do 

Swift  river 

JEllis  river 

Do 

Do 

Other  tributaries  of  the 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Tributary  to  what. 


Atlantic  ocean 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Androscoggin  river. . 
...do 


.do  . 

do. 
..do  . 

.do. 

.do  . 

.do. 

.do. 

.do. 

.do. 

.do  . 

.do  . 

.do. 

.do. 
..do. 

.do. 

.do. 

.do  . 

.do. 

.do  . 

.do. 

.do. 
..do  . 
.  do. 

.do. 
..do  . 
..do. 
..do. 


Coast  streams  of  Maine 

...do 

...do 

...do 

...do 


.do. 

do  . 

.do  . 

.do. 
..do. 

.do 
.  do. 
..do  . 
..do  . 
do  . 
..do. 
..do. 
..do. 
..do 
.  do  . 
..do. 


State. 


Maine 

...do 

...do 

..do 

...do 

...do 

...do 

...do 

..do 

...do 

..  do 

...do 

...do 

New  Hsmpshire . 

...do  

Maine 

...do 

...do 

..do 

...do 

...do  

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

...do  

...do 

...do 

...do  

...do 

...  do 

...do  

...do 

...do 

...do 

...do 

...do  

...do 

...  do 

...do 

....do 

...do 

...do 


.do  . 
.do  . 
.do. 
.do  . 
.do  . 

do. 
.do  . 
.do  . 

do. 
.do. 
.do. 

do. 
.do. 

do  . 

do. 

do. 


County. 


Androscoggin  . 

...do 

...do 

...do 

...do 

..do 

..  do 

...do 

...do 

Oxford 

...do 

...do 

...do 

Coos 

...do 

Androscoggin. , 
...do 


...do 

...do 

..  do 

...do  

...do; 

...do 

...do 

...do 

Oxford 

...do 

...do 

...do 

Androscoggin 

...do 

...do 

...do 

Oxford 

...do 

...do 

...do 

Franklin 

...do 

...do 

Oxford 

...do 

...do ._. 

...do -'. 

Cumberland  . . 
...do  


do. 
.do. 
.do  . 


...do  

...do 

...do 

...do  

...do  

...do 

..  do 

...do ■.... 

...do  

Androscoggin  . 
...do 


do. 
.do. 
.do. 
.do. 
-do  . 


Kind  of  mill  or  mannfacture. 


Print  ing  and  publishing 

Belting,  etc 

City  water -works 

Planing 

Flour  and  grist 

Saw 

Woolen 

Cotton 

Bleachery 

Coffins,  etc 

Flour  and  grist 

Saw  — - v.. 

Wheelwi-ighting 

Saw 

Wood-pulp 

Excelsior 

Flour  and  grist 

Woolen 

Saw 

Cotton 

Wooden  boxes 

Paper 

Flour  and  grist 

Saw , 

Cotton 

Woolen 

Wooden,  ware 

Paper-box  board 

Saw 

Wheel  wrighting 

Flour  and  grist 

Saw 

Woolen 

Saw 

Wood-turning 

Brick  and  tile 

Flour  and  grist 

..  do 

Saw 

Wooden  boxes 

Saw 

Starch  

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Boots  and  shoes 

Wooden-ware  

Washing     machines     and 
clothes  wringers. 

Stone  and  tarthen  ware 

Wood-pulp 

Carriage  and  wagon  material 

Wooden  boxes 

Machinery 

Cooperage  

Furniture 

Woolen 

Cotton 

Cooperage  

Machinery 

Carriages  and  wagons  . . . 

Flour  and  grist 

Saw  ..: 

Furniture 

Woolen 


5 

o 


Feet. 


25 


24 
61 
175 
35 
11 
15 
15 
12 
21 
24 
14 
27 
59 
39 
30 
14 
34 
36 
23 
35 
9 
8 
24 
18 
9 
28 
33 
9 
9 
14 


24 
9 
16 
21 
12 
12 
217 
689 


o   . 


1 

6 

8 

1 

19 

80 

1 

16 

30 

2 

17 

30 

1 

14 

23 

4 

75 

117 

1 

22 

90 

5 

41+ 

247 

3 

176 

1 

30 

25 

1 

30 

1 

10 

25 

9 

125 

276 

19 

230 

564 

1 

10 

20 

2 

30 

100 


80 

225 

145 

727 

7,800 

387 

13 

15 

15 

12 

710 

230 

18 

95 

226 

135 

300 

40 


90 

130 

400 

40 

25 

175 

60 

20 

80 

78 

33 

35 

45 

2 

40 

17 

125 

25 

60 

38 

18 

15 

755 

1,579 

23 

45 

12 
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Name  of  stream. 


Other  tiibutaries  of  the. 

Do 

Do  

fio 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Kennebec  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Cobbosseeoontee  river . . 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Emerson  stream . 
Do 


Do. 
Do. 
Do. 
Do. 
Do. 


Tiibataiy  to  what 


Coast  streams  of  Maine 

..do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...  do 

..  do 

...do 

..  do 

...  do 

...do 

..  do 

...do  

...do 

...do 

..  do 

..  do 

Atlantic  ocean 

..  do 

...do 

...do 

...do 

..do 

..  do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

..do 

...do 

..do 

..do 

...do  

..do 

...do  

..do 

Kennebec  river 

..  do 


..do. 

to. 

do. 
.do  . 

do  . 
.do. 
.do. 
.do  . 

do  . 
.do  . 
.do. 

do. 

do. 
.do. 
.do  . 

do  . 

do. 

do  . 
.do  . 
.do. 


State. 


Maine 

...do 

...do  

...do  

...do 

..  do 

...do 

...do 

..  do 

...do  

...do 

...do 

...do  

...do 

..  do 

...do 

..  do 

..do 

...do 

...do 

New  Hampshire . 

-  do 

Maine 

...do 

..  do 

...do 

...do 

...do 

..  do 

...do 

..  do 

...do 

..  do 

..  do 

...do 

...do 

...do 

...do 

..  do 

...do 

..  do 

..  do 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do  

...do 

..  do 

...do  

...do 

..  do 

..  do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do  

...do 


County. 


Oxford...  . 

...do 

...do 

...do 

...  do  

...do 

...do 

..  do 

...do 

...do 

...  do 

...do 

...do 

...  do 

...do 

..  do 

...do 

...do 

..  do 

...do  

Coos 

..  do    

Kennebec. . 

...do  

....do  

...  do 

Somerset  . 

...do 

...  do 

...do  

....do 

...do 

...  do 

...do 

....do 

....do 

...  do 

...do 

...  do 

...do 

...do 

...do 

...do 

...do 

Kennebec  . 
...do 

..  do 

...do 

...do 

...do 

...do  ...... 

..  do 

...do 

...do 

...do  ...... 

...  do 

...do  

....do 

....do 

....do 

...do 

....do 

...do  ...... 

...do 

,...do 

....do 


Kind  of  mill  or  manufacture. 


Woolen 

A  griculturat  implements . 
Boot  and  shoe  findings ... 

Wooden  boxes 

Carpentering 

Collins,  etc 

Cooperage    

Flour  and  grist 

Furniture 

Chairs 

Wooden  bandies 

Iron  castings 

Leather  goods 

Tanneries 

Saw 

Sash,  door,  and  blind 

Wheelbarrow 

Wheelwrighting 

Wood-turning 

Wooden  ware 

Saw 

Flour  and  grist 

Cotton   

Furniture 

Flour  and  giist 

Saw 

Woolen 

Wooden  boxes 

Cutlery 

CotHns 

Flour  aud  grist 

Wooden  handles 

Kaolin,  etc 

Furniture 

Planing 

Saw  

Machinery 

Wheelwrighting 

Paper 

Sash,  door,  and  blind 

Starch 

Wooden  ware J . . 

Wood-pulp 

Wood.tuming 

Paper  boxes 

CaiT)ent6ring 

Furniture 

Flour  and  grist 

Tanneries 

Foundeiy 

Machinery 

Paper,  wrapping 

Paper,  printing 

Paper,  colored 

Saw 

Steel  springs 

Sash,  door,  and  blind 

Wood.turning 

Woolen 

Agricultural  implements 

Carpentering 

Chairs 

Flour  aud  grist 

Wooden  handles 

Tanneries 

Matches 


1 


16 


19 
11 
21 
0 
13 
18 

215 
51 
9 
46 
12 
10 
25 

760 
15 
20 
36 
12 
24 
10 
39 
37 
15 
22 
16 
13 
7 


50 
13 
12 

7 


15 
10 
43 


16 
14 
28 
27 
18 
11 
21 
13 
17 
16 
74 
15 
30 
15 

n 

50 
8 
8 
8 
8 

18 
8 

153 


■  ® 


60 

30 

50 

60 

40 

20 

579 

58 

18 

133 

45 

150 

32 

1,762 

15 

30 

53 

-  12 

37 

20 

80 

(J)  2,  500 

200 

160 

200 

84 

80 

135 

13 

250 

20 

55 

100 

80 

1,045 

18 

35 

100 

125 

25 

100 

83 

6 

45 

19 

40 

105 

32 

15 

34 

3U0 

225 

480 

720 

100 

44 

38 

50 

605 

90 

15 

40 

25 
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Table  of  potcer  utilized  on  the  coast  streams  of  Mainer-ContmueA. 


Name  of  stream. 


Tributary  to  what. 


State. 


County. 


Kind  of  mill  or  mannfactare. 


s 


■3 

O 

H 


e^ 


$" 


Emerson  stream 

Do 

Do 

Do 

Sebasticook  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do    

Do 

Do 

Do 

Do 

Do 

SaDdy  river 

Do 

Do 

Do 

Do 

Do 

Seven-Mile  (or  Carrabasset)  river. 

Do 

Do 

Do 

Do 

Do 

Do 

Dead  river , 

Do 

Do 

Do .f , 

Slieepscot  river 

Do 

Do 

Do 

Damaria'cotta  river 

Do 

Medomac  river 

Do 

Do 

Do 

Do 

Do 

Saint  George  riper 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Penobscot  river 

Do 

Do 

154 


Kennebec  river . 

....do 

....do 

...do 

...  do  

...do 

...do    

...do 

...do 

...do 

...do 

...do 

...do 

...  do 

....do 

...do 

...  do 

....do 

....do  

....do  

....do 

...do 

....do 

...do 

...do  

...do 

...do  

...do  

...do  

...do 

...do 

..  do 

...do 

...do 

...do 

..do 

...do  

Atlantic  ocean . . . 

...do 

...do  

...do 

...do  

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do 

...do  

...do 

..  do 

...do  

..do 

...do  

...do 

...do 

..  do 

..do 

..do 

.do 


Maine 
...do  .. 
...do.. 
...do.. 
...do.. 
...do  .. 
..  do.. 
...do  .. 
...do  .. 
...do  .. 
...do  .. 
...do.. 
...do.. 
..do.. 
...do  .. 
...do  .. 
...do.. 
...do.. 
...  do., 
...do  .. 
...do.. 
...do.. 
...do.. 
...do.. 
...do  .. 
...do.. 
...do.. 
...do.. 
...do.. 
...do  .. 
...do.. 
...d».. 
...do.. 
...do  .. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do-. 
...do  .. 
...do  .. 
...do.. 
...do.. 
...do  .. 
...do.. 
..  do  .. 
...do  .. 
...do.. 
...do  .. 
...do  .. 
...do  .. 
..  do  .. 
...do  .. 
...do.. 
...do.. 
...do... 
...do  .. 
...do  .-.. 
...do... 
...do... 
...do  ... 
,.  do... 


Kennebec  . 

...do  

...do 

....do  

...do 

....do  

...  do 

...  do 

....do  

Somerset . . 

....do  

...do  

...do  

I. ..do 

....do  

....do  

"Waldo 

Penobscot . 

...  do 

...  do 

Franklin... 

....do  

...do 

...do 

...do 

...do 

....do  

....do 

....do  

Somerset  .. 

....do  

...do 

....do 

....do 

....do...... 

Franklin... 

...do 

Lincoln 

....do 

....do 

"Waldo 

Lincoln 

...do 

....do 

....do 

....do  

....do 

...  do  

....do  

Knox 

...do 

...do  

...do...... 

...do  

...do  

"Waldo 

...do 

...do 

...do  

...do 

...do  

...do 

...do 

Penobscot . . 

...do 

...do 


Machinery 

Saw 

Sash,  door,  and  blind 

Wheelwrightlng 

Boot  and  shoe  findings 

Floar  and  grist 

Tannery i, 

Saw 

Wood-pulp 

Blacksmithing 

Flour  and  grist 

Furniture 

Saw 

Tanneries 

Wheelwrighting 

"Woolen 

Saw 

Flour  and  grist 

Saw, 

Machinery 

Flour  and  grist 

Saw 

Wooden  handles 

Upholstering  materials 

Wood-turning 

Furniture 

Flour  and  grist 

Saw 

Agiicnltaral  implements. . . 

Flour  and  grist 

Saw 

Tannery 

Woolen ,. 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Woolen 

Flour  and  grist 

Saw 

...do  

Flour  and  grist 

Saw 

Flour  an^griat .- 

Foundery  

Marble  and  stone  work 

Saw 

Planing 

Woolen 

...  do 

Carriages  and  wagons 

Flour  and  grist 

Saw 

Tanneries 

Wheelwrighting 

Woolen 

Tanneries 

Foundery 

Woodtuming 

Cutlery 

Flour  and  grist 

Saw , 

Sash,  door,  and  blind 

Flour  and  grist 

Saw 

Machinery ...a 


1 
1 
2 
1 
1 
1 
1 
4 
1 
3 
2 
1 
6 
2 
1 
3 
1 
2 
4 
1 
2 
4 
1 
1 
I 
1 
1 
3 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
6 

12 
4 
1 
1 
3 
1 
1 
4 
1 
1 
1 
1 
2 
4 
2 
2 
1 
2 
1 
1 
1 
2 
9 
1 
2 

21 
1 


Feet 

8 
12 
22 

8 
10 

7 
12 
38 
16 
12 
18 
10 
45 
20 

7 
26 
14 
23 
42 
10 
25 
50 

7 

8 

8 

7 

8 
25 
11 
SO 
94 

8 
10 
10 

8 
12 
10 

8 
69 

120  db 
30-f 
IS 
10 


47 
25 

6 
10 

8 
21 
42 
24 


12 
28 
10 
12 

8 
33 
97 

6 
24 
223 

8 


60 
50 

140 
10 
24 

20O 

n 

337 

270 
20 
90 
20 

150 

lOO 
10 

116 
20 
02 

150 
25 
75 

125 
20 
25 
20 
12 
10 
90 
10 
90 

320 


24 

33 

24 

202 

357 

53 

40 

40 

44 

8 

8 

65 

25 

8 

40 

25 

42 

51 

90 

16 

IS 

SO 

6 

10 

13 

40 

181 

U 

63 

6,719 

30 
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Taile  of  power  utilized  on  the  coast  streams  of  Maine — Continued. 


'Same  of  stieam. 


Harsh  riTer 

Do 

Do 

Somdabsoook  river 

Do 

Do 

Kendnskeag  river 

Do 

Do 

Do 

Do 

Do 

Great 'Works  river 

Pushaw  river , 

Do 

PiBcataqois  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do „ 

Do 

Sebeo  river 

Do 

Do 

Do 

Do 

Do 

Pleasant  river 

Do 

Do 

Do 

Do 

Hattawamkeag  river 

TTnion  river , 

Do 

Narragnagns  river 

Do 

Do 

Do 

East  and  West  Machias  rivers. 
Saint  Croix  river 

Do 

Do.. 

Do 

Kennebasis  river .^.. 

Do 

Saint  Jofan  river 

Uedq^ekeag  river 

Ijg' 

Do 

Do 

Do".. 

Do 

Do 

Fishriver^ -.  •• 

Do 

Other  streanu 

Do 

Do ^ 

Do 

Bo.... 

Do 


Triblatary  to  wliat. 


Penobscot  rlvar 

....do  

....do  

....do 

;..  do 

....do 

....do 

...do 

....do 

....do 

...do 

...do, 

...do! 

...do 

...do 

...do 

...do  

..do 

..  do 

...do 

..do 

...do  

...do 

...do  

...do 

Pisoataqnis  river . 

...do 

...do 

...do 

...do..  

...do 

...do  

...do 

...do 

...do 

...do 

Penobscot  river  .. 

Atlantic  ocean 

...do 

...do  

...do'. 

...do 

...do 

...do  

...do 

...do 

...do 

...do  

Saint  Croix  river  . 

...do 

!  Atlantic  ocean  .  . . 

Saint  John  river . . 

...do  

...do  

...do ^ 

...do  

...do 

..  do , 

...do 

..do 

Atlantic  ocean  — 

...do 

...do 

...do 

...do 

...do 


State. 


Maine  . 

...do.. 

...do.. 

...do.. 
...do.. 

...do.. 

...do.. 

...do  .. 

...do.. 
...do., 

...do.. 

...do., 

...do., 

...do  . 

...do.. 

...do. 
...do  ., 

...do., 
.-..do. 
....do  . 
...do., 
....do  . 

...do. 
....do., 
....do.. 
....do., 

...do  ., 
...do 
....do., 
...do. 

...do. 
....do. 
....do. 
....do. 
...do. 
....ds». 
....do. 
....do. 
....do. 
....do. 

..  do. 
!...do. 
....do. 
...do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
...do. 
...do. 
....do. 
...do. 
...do. 
....do. 
...do. 
....do. 
....do. 
...do. 
...do. 
...do. 
....do. 
....do. 
....do. 
....do. 


Connty. 


Waldo 

...do  

...do 

Penobscot .. 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do 

Pisoataqnis . 
...do 


..do 

..do 

...do  

..  do 

...do 

...do  

..'.do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do  

...do 

...do 

...do 

...do 

Aroostook ... 

Hancock 

...do  

Washington . 

...do 

...do  

...do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

Aroostook... 

....do 

...do 

...do 

...do 

....do 

....do  

...do  

....do  

....do 

Sagadahoc... 

...do 

...do 

....do 

....do 

Pranklin 


Kind  of  mill  or  mannfactnre. 


Floor  and  grist 

Woolen 

Saw 

Paper,  printing 

Paper,  wrapping 

"Woolen , 

Wood-turning 

Wheelwrighting 

Flonr  and  grist 

Saw 

Salt,  gronnd 

i-PlaEiter,  gronnd 

Saw 

Furniture 

Saw 

Agricnltaral  implements  . . 

Blacksmithing 

Fumitnre  

Poandery 

Flonr  and  grist 

Tannery 

Saw 

Sash,  door,  and  blind 

■Wheelwrighting 

Woolen 

Flonr  and  grist 

Woolen 

Tannery 

Woolen 

Saw 

Wheelwrighting 

Flonr  and  grist 

Saw 

Wheelwrighting 

Wood-tnming 

Blast-furnace 

Saw 

Tannery 

Saw 

Furniture , 

Saab,  door,  and  blind 

Flour  and  grist 

Saw  

...do 

Machinery. 

Woolen 

Saw  A 

Tannery 

..  do 

Saw  

...  do 

Flour  and  grist 

Saw 

Starch 

Sash,  door,  and  blind 

Plaster  

Furniture  

Tannery 

Flour  and  grist 

Saw 

Fertilizers 

Flour  and  grist 

Kaolin  and  gronnd  earths 

Plaster,  gronnd 

Saw 

Flonr  and  grist 


16 
2 
2 


U 


10 


22 
S 


3 

o 
H 

Feet. 

68 

10 

75 

12 

18 

9 

12 

10 

79 
163 

18 

18 

12 

7 

7 

10 
8 

12 

10 

S8 

12 

94 

10 

31 

56 
'      22 

10 

14 

10 

40 
6 

12 

12 

12 
9 

U 
6 

14 

139  ■ 

7 

7 

7 

S3 

89 
8 
6 


10 
12 
33 
89 

8 
10 
10 
10 
11 
18 
18 

6 

6 
12 

6 
173 
72 

155 


SB 


■OS 


154 
28 

153 
75 

120 

8 

40 

40 

319 

606 
83 
85 
40 
15 
50 
15 
3 

16 
16 

225 
20 

653 
15 
19 

186 
46 
24 
25 
16 


22 
30 

e 

12 

185 

20 

20 

1,900 

25 

20 

20 

435 

820 

30 

12 

320 

2<)0 

135 

75 

9 

173 

480 

10 

20 

20 

15 

73 

30 

30 

15 

13 

28 

16 

660 

94 
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Table  of  power  utilized  on  the  coast  streams  of  Maine — Continued. 


stream. 


Other  streams  . 
Do 


Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do.. 

Do. 

Do. 

Do., 

Do.. 

Do.. 

Do.. 

Do.. 

Do.  . 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 


Tributary  to  what. 


Atlantic  ocean. 
...do 


..do. 

..do. 

..do. 

.  do  . 

.  do. 

.do. 

..do. 

..do. 

.  do  . 

..do. 

..do. 

..do. 

.  do. 

.  do  . 

..do. 

..do. 

.  do. 

..do. 

..do. 

..do. 

.  do. 

..do  . 

..do  . 

..do. 

..do  . 

..do. 

.  do. 

..do  . 

..do. 

.do  . 

..do  . 

.  do  . 

..do  . 

.  do. 

..do. 

..do 

..do  . 

..do  . 

..do. 

..do. 

..do  . 

..do  . 

..do  . 

.do. 

..do. 

..do. 

..do. 

..do. 

..do. 

..do. 

..do. 

..do. 

.do. 
.  do. 

.do  . 

.do  . 

.do  . 

.do  . 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 


State. 


Maine  . 
...do  .. 
...  do.. 

...do.. 
...do.. 

...do.. 
...do  .. 
...do.. 
...do.. 

...do.. 
...  do.. 

...do.. 
...do  .. 
...do.. 
...do.. 
...do.. 

...do.. 

...do.. 
...do.. 

...do.. 
....do  .. 
....do.. 
..;.do.. 
...do.. 
...do.. 
....do  .. 

...do.. 
...  do.. 
...  do.. 

...do.. 

...do.. 
...do.. 
...do.. 
...do  .. 
....do.. 

...do  .. 

...do.. 

...do.. 

...do.. 
....do.. 
...do  -. 
...do  .. 
...do.. 

...do.. 

...do.. 
,_...do.. 
.'...do.. 

...do  .. 

...do.. 

...do  .. 

..  do.. 

...do  .. 

...do.. 

...do.. 

...do  .. 

...do.. 

...do.. 

...do., 
do  .. 

...do  .. 

...do.. 

...do.. 

...do.. 

...do.. 

...do.. 

..  do.. 


County. 


Franklin... 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Kennebec. 

...  do 

...do 

—  do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do 

...do 

...do , 

...do 

...do , 

...do 

...do 

...do 

...do 

Knox 

...do...'.. 

...do 

...do 

...do 

..do 

...do 


...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

Lincoln... 

...do 

...do 

Waldo.... 

...do  

...do 

...do 

...do  

...do 

...do 

...do 

...do  

Somerset . 

...do 

...do 

...do 

...do 

...do 

...do 


Kind-of  mill  or  manufacture- 


Saw 

Carriages  and  wagons 

Agricultural  implements 

"Wooden  handles 

Planing 

Upholstering  materials . . . 

Woolen 

Wood.tumiog 

Tanneries 

Boots  and  shoes 

Wheelwrighting 

Agricultural  implements 

Blacksmithing 

Paper  boxes 

Wooden  boxes 

Boot  and  shoe  findings 

Coffins,  etc 

Flonr  and  grist 

Wooden  handles 

Tanneries 

Founderiea 

Machinery 

Paper 

Saw 

TTpholstenng  materials... 

Shoddy 

Sash,  door,  and  blind 

Woodtuming 

Woolen 

Cotton 

Agricultural  implements 

Bread,  crackers,  etc 

Cooperage 

Coffins ; 

Furniture 

Flour  and  grist 

Gunpowder 

Founderies 

Iron  anchors  and  chains  . . 

Saw  ...■ 

Tannery 

Machinery 

Marble  and  stone  works . . 

Musical  instruments 

Sash,  door,  and  blind 

Wheelwrighting 

Woolen 

Flour  and  grist 

Saw 

Woolen 

Agricultural  implements . 

Tanneries 

Plaster,  ground 

Cutlery 

Leather-board 

Flour  and  grist 

Saw 

Sash,  door,  and  blind 

Woolen 

Blacksmithing 

Wooden  boxes 

Flour  and  grist 

Wooden  handles 

Hardware 

Saw 

Tanneries 
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s 
■s 

u 

,0 

8 
a 

1 

s 

% 

1 

Feet. 

28 

329 

1 

10 

2 

30 

1 

12 

1 

7 

1 

8 

2 

25 

2 

21 

2 

12 

2 

12 

15 

102 

6 

6 

11 

18 

18 

215 

11 

61 

3 

44 

2 

27 

2 

27 

29 

337 

2 

23 

1 

12 

1 

10 

2 

17 

3 

65 

1 

7 

1 

15 

1 

5 

1 

16 

1 

11 

1 

11 

7 

80- 

1 

12 

2 

27  . 

1 

9 

16 

216 

1 

15 

2 

19 

2 

17 

1 

12 

1 

14 

1 

11 

1 

13 

2 

23 

U 

152 

1 

1 

12 

2 

22 

2 

40 

2 

17 

1 

14 

6 

75 

22 

260 

1 

7 

1 

12 

3 

20 

1 

10 

12 

169 

2 

16 

1 

6 

40 

445 

3 

28 

626 
20 

120 
20 
15 
10 
95 

120 

40 

20 

8 

624 
15 
8 
50 
25 
20 

663 
30 
70 
44 
28 

555 
1,400 
55 
20 
12 
90 

421 
60 
15 
10 
70 
25 
18 

228 
15 
85 
25 

430 
20 
35 
70 
20 
70 
15 
35 

115 

337 

5 

10 

65 

90 

110 

100 

15S 

700 
30 
20 
27 
40 

382 

52 

24 

1,230 

78 
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Table  of  power  uHUzcd  on  the  coast  streams  of  Maine — Coiitiiiued. 


lOi; 


Name  of  stream. 


Other  streams  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

So 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 

Do- 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Tributary  to  Tvliat. 


Atlantic  ocean. 
...do 


..do  . 

..do. 

..do. 

..do  . 

..do. 

..do  . 

..do. 

..do  . 

.  do. 

.  do. 

..do  . 

..do. 

..do. 

.  do. 

..do. 

..do. 

.  do  . 

..do. 

..do. 

..do. 

.  do. 

..do. 

..do. 

..do. 

..do  . 

..do. 

..do. 

..do  . 

..do. 

..do  . 

..do 

..do  . 

..do. 

..do. 

..do, 

.'do  . 

..do  . 

.do. 

.do. 

.do. 

.do  . 

.do. 

.do^. 

.do' 

.do. 

.do. 


State. 


Maine  . 

...do.. 

...do  .. 

...do.. 

...do  .. 

...do  ., 

...do  .. 
....do.. 
...do  ., 

...do.. 

...do.. 
....do., 

..  do  ., 
...do.. 
...do  - 
....do., 
....do  . 
...  do  . 
....do  .. 
...do  . 
...do., 
....do. 
....do., 
....do  . 
....do., 
....do., 
...do. 
....do  ., 
....do. 

...do. 

...do  . 
....do., 
.  ..do., 

..do. 

...do. 
...  do., 
....do  ., 
....do  ., 

...do  . 
...  do  . 
...do  .. 

...do., 

...do  .. 

...do  ., 

...do., 

...do., 

...do., 
...do.. 


Coanty. 


Somerset 

...do 

..  do 

...do 

Hancock 

...do 

..do 

...do 

...do 

"Washington  . 

...do 

...do 

..  do 

..  do 

...do 

...do 

Penobscot ... 

...do  

...do  

....do 

...  do 

...do  

...do 

...do 

...do 

....do 

...  do 

...do 

...do 

...do 

...do 

...do  

...do  

...do  

...do  

...do 

Piscataquis . , 

...do  

...do  

...do  

Aroostook  . . . 
...do 


.do  . 

do. 
.do. 
.do. 

do. 
.do. 


Kind  of  mill  or  manufacture. 


Sash,  door,  and  blind 

Toys  and  games 

Whoelwrighting 

Woolen 

Flour  and  giist 

Tanneries , 

Wood-turning t  . 

"Woolen 

Saw 

Piaster,  ground 

Marble  and  stone  ■work 

Flour  and  grist 

Saw 

Tannery 

Boiling ; 

"Woolen 

Blacksmithing 

Marble  and  stone  work 

Furniture 

Men's  clothing 

Printing 

Bread,  crackers,  etc 

Sash,  door,  and  blind 

"Wheelwrighting 

Carriages  and  wagons 

Flour  and  grist 

Saw 

Foundeiy  

Tanneries 

Brass  foundery 

Machinery 

Locksraithing 

Planing 

"Wooden  boxes 

"Wooden-ware 

"Woolen 

Cooperage 

Flour  and  grist 

Saw 

"Woolen 

Flourand  grist , 

Saw 

Starch 

Sash,  door,  and  blind 

Planing 

Plaster  

Furniture 

"Woolen 


1 
1 
6 
3 

11 
2 
1 
7 

42 
1 
1 
8 

26 
1 
1 
1 

■  2 
1 
3 
1 
3 
1 
2 
1 
1 

13 

47 
1 
4 
1 
1 
1 
1 
1 
1 
6 
1 
4 

20 
1 

16 

38 
5 
2 
1 
1 
1 
1 


s 

o 


Feet. 
8 
14 
30+ 
20 
132 
10 


476 
26 
17 
69 

222 
14 
30 
14 
28 


20 
10 
10 
164 
492 
12 
63 


11 
14 
10 

12 
51 
238 
13 
174 
464 
60 
22 
12 
12 


15 

20 

109 

60 

239 

72 

20 

108 

979 

100 

100 

178 

1,165 

15 

500 

5 

9 

3 

40 

20 

14 

4 

27 

15 

4 

398 

1,600 

12 

345 

3 

1 

3 

15 

12 

47 

93 

50 

65 

561 

65 

319 

1,564 

136 

30 

20 

3C 

10 

50 
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Page. 

Allagnash  river 101 

Amoskeag  Manufacturing  Company 35 

Anchor-ice,  effect  of 6 

Androscoggin  river 76-81 

Androscoggin  river,  tribntaricsof 81-83 

Androscoggin  river,  power  utilized  on  (table) 103,104 

Aroostooli  river 100 

Asliland,  power  on  Squam  river  at 55 

Assaliet  river 42,57 

Augusta,  Maine,  power  on  Hennebec  river  at 86 

Austin  stream,  tributary  of  the  Kennebec  river 80 

B. 

Bangor,  power  on  Penobeoot  river  at 93 

Baring  mills,  i>oweron  Saint  Croix  river  at 98 

Beaver  brook,  tributary  of  the  Merrimack  river 41,57 

Bellamy  river,  New  Hampshire 64,69 

Bennington ,  Kew  Hampshire,  power  on  Contoocook  river  at 49 

Biddeford  and  Saco,  power  on  Saco  river  at 71,72 

Elaolistone  river 13,19,20 

Branch  river,  tributary  of  the  Blackstone  river 16 

Bristol,  New  Hampshire,  power  on  Pemigewasset  river  at 64 

Bristol,  New  Hampshire,  power  on  New  Found  river  at 65 

Brunswick,  Maine,  power  on  Androscoggin  river  at ^         79 

C. 

Calais,  Maine,  power  on  Saint  Croix  river  at 98 

Canals  at  Lawi-ence,  Massachusetts 25 

Canals  at  Lowell,  Massachusetts  (table) 81 

Canals  at  Manchester,  New  Hampshire 36 

Carrabassett  river,  tributary  of  the  Xennebec  river 88, 106 

Charles  river,  Massachusetts 9, 18, 22 

Chiputneticook  river,  Maine 98 

Climate  of  region  considered 6 

Cobbossecontee  river,  tributary  of  the  Kennebec  river 87, 105 

(3o<^heco  river,  New  Hampshire 64,69 

Cochitnate  lake 10 

Cohass  brook,  tributary  of  the  Merrimack  river 44,59 

Concord  river 9,10,41,57 

Connecticut  river,  flow  of 9, 10 

Contoocook  river 46-50,60 

Cost  of  canals  at  Lawrence,  Massachusetts 25 

Cost  of  canals  at  Lowell,  Massachusetts 31 

Cost  of  dam  at  Lawrence,  Massachusetts ; 25 

Cost  of  dam  at  Lowell,  Massachusetts 30, 31 

Cost  of  dam  at  Manchester,  New  Hampshire 36 

(Jost  of  power  at  Lawrence,  Massachusetts 26, 27 

Cost  of  power  at  Lewiston,  Maine «.. 80 

Cost  of  power  at  Lowell,  Massachusetts 32, 33 

Cost  of  power  at  Manchester,  New  Hampshire 36,37 

Coat  of  power  at  Saco  and  BiddefoKl,  Maine 72 

Croton  river,  flow  of 9, 10 

Crotou  river,  West  branch,  flow  of 9,10 

Cumberland  Mills,  power  on  Presumpscot  river  at 76 

». 

Somariscotta  river 89,106 

Dead  river,  tributary  of  the  Kennebec  river 89,106 

Delaware  river,  flow  of 9 

Dover,  New  Hampshire,  power  on  Codieco  rirer  at M 


Drainage  areas,  tables  of—  Page. 

Streams  south  of  the  Merrimack  river 19 

Merrimack  river  and  tributaries 66 

Coast  streams  of  New  Hampshire 68 

Elvers  of  Maine 101,102 

East  Macbias  riyer,  Maine 96,107 

Ellis  river,  tribiitary  of  the  Androscoggin  river 82, 104 

^Ellsworth  Ealls,  power  at 95 

Essex  company 25-30 

Exeter  river,  New  Hampshire 63,69 

F. 

Fall-line 8 

FallBiver,  Massachusetts,  power  at 16 

Fisherville,  power  on  Gontoocook  river  at 47 

Fish  river,  tributary  of  the  Saint  John  river 101, 107 

Flow  of  streams,  tables  of 9,10 

Flow  of  streams,  melAiods  of  estimating 8-11 

Forests  in  region  considered 5 

Franklin,  New  Hampshire,  power  at 51,64 

Garvin's  Falls,  New  Hampshire,  power  at 88 

Gates,  head-,  on  Lowell  canals 81,32 

Geology  of  region  considered 6 

Great  Falls,  New  Hampshire,  power  at 66 

Great  faUs  on  Saco  river  73,74 

Great  Ossipee  river 74 

Greenbriar  river.  West  Virginia,  flow  of 10 

H. 

Hackensack  river.  New  Jersey,  flow  of 9 

Hale's  brook,  Massachusetts,  flow  of 9 

Head-gates  at  Lowell,  Massachusetts 31, 32 

Hillsborough,  New  Hampshire,  power  on  Contoocook  river  at 48 

Hooksett,  New  Hampshire,  power  on  Merrimack  river  at 38 

Housatouio  river,  Connecticut,  flow  of 9 

Hunt's  falls,  Merrimack  river 80 

I. 

Ipswich  river,  Massachusetts 18, 22 

J. 

James  river,  Virginia,  flow  of 10 

K. 

Kanawha  river,  "West  Virginia,  flow  of 10 

Kenduei  eag  ri  ver,  Maine,  tributary  of  the  Penobscot  river 93, 107 

Kennebasis  river,  Maine,  tributary  of  the  Saint  Croix  river 98, 107 

Kennebec  river,  Maine 83-87 

Kennebec  river,  power  utilized  on 105, 106 

Kennebec  river,  tributaries  of 87-89 

Kennebunk,  Maine,  power  on  Mousam  river  at 70 

Kennebuok  river,  Maine 70, 102 

Lakes,  elevation  of  largest  (table) 5 

Lamprey  river.  New  Hampshire 63,69 

Lawrence,  Massachusetts,  power  on  Merrimack  river  at 25-30 

Lewiston,  Maine,  power  on  Androscoggin  river  at 81 

Lisbon  Falls,  Maine,  power  on  Androscoggin  river  at 79 

Little  Androscoggin  river,  Maine 81,104 
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Page. 

Little  Ossipeo  river,  Maine '. 74, 103, 

Lowell,  Massar.hiisetts,  power  on  Merrimack  river  at 30-35 

Magalloway  river,  tributary  of  tbe  Androscoggin  river 83 

Maine,  rivers  of 70-109 

Manchester,  New  Hampshire,  power  on  Merrimack  river  at 35-38 

Marsh  river,  Utibutary  of  the  Penobscot  river 93, 107 

Mattagamon  river,  tributary  of  the  Penobscot  river 94: 

Mattawamkeag  river,  tributary  of  the  Penobscot  river 94,107 

Mechanics  Falls,  power  on  Little  Androscoggin  river  at 82 

Medomac  river 89, 106 

Meduxnekeag  river 100,107 

Merrimack  river,  flow  of 9,10 

Merrimack  river 23-39 

Merrimack  river,  reservoirs  of 29 

Merrimack  river,  rapids  between  Lowell  and  Manchester  (table) 35 

Merrimack  river,  power  utilized  on  (table) 39 

Merrimack  river,  tributaries  of 40-62 

Merrimack  river,  drainage  areas  (table) 56 

Messalouskee  river,  Maine,  tributary  of  the  Kennebec  river 88, 105 

Mill-power,  as  defined  at  Lawrence,  Massachusetts .-.  26 

Mill-power,  as  defined  at  Lowell,  Massachusetts 32 

Mill-power,  as  defined  at  Manchester,  New  Hampskire 36 

Mitchell's  falls,  on  tbe  Merrimack  river 25 

Mousam  river 70,102 

IV. 

Narraguagusrivei",  Maine 96,107 

Nashua  river,  Massachusetts 42,  58 

Neponset  river,  Massachusetts 17,21 

Neuse  river,  North  Carolina,  flow  of 10 

New  Hampshire,  coast  streams  of 63-69 

O. 

Ohio  river,  flow  of 9 

Oyster  river,  New  Hampshire 64 

Passadumkeag  river,  tributary  of  the  Penobscot  river 94 

Passaic  river,  New  Jersey,  flow  of 9, 10 

Pawcatuck  river,  Bbode  Island 11,19 

Pawtuxet  river,  Bhode  Island 12, 19 

Pemaquid  river,  Maine 90 

Pemigewasset  river,  New  Hampshire 53, 54,  62 

Pemigewasset  river,  New  Hampshire,  tributaries  of 55, 62 

Pennicbuck  brook,  tributary  of  the  Merrimack  river 44 

Penobscot  river,  Maine 90-93, 106 

Penobscot  river,  Maine,  tributaries  of 93-95,107 

Piscataqua  river,  Maine  and  New  Hampshire 64, 70 

Piscataquis  river,  tributary  of -the  Penobscot  river 94, 107 

Piscataquog  river,  tributary  of  the  Merrimack  river 45,  59 

Power  utilized  south  of  the  Merrimack  river,  table  of 1 9-23 

Power  utilized  on  Meiximack  river,  table  of 39 

Power  utilized  on  the  tributaries  of  the  Merrimack  river,  table  of 56-62 

Power  utilized  on  the  coast  streams  of  New  Hampshire,  table  of 69 

Power  utilized  on  the  coast  streams  of  Maine,  table  of 102-109 

Powow  river,  tributary  of  the  Merrimack  river 40,56 

Presque  Isle  river,  tributary  of  the  Saint  John  river 100 

Presumpscot  river,  Maine 75  76  103 

Pushaw  river,  tributary  of  the  Penobscott  river 94  107 

R. 

Kainfall  in  region  considered 7 

Bangeley  lakes 78 
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Page. 

Keservoirs,  improved,  of  tbe  Merrimack  river 29 

Ecservoir  capacity  of  some  New  England  streams  (table) 86 

Kock  creek,  District  of  Columbia,  flow  of    iq 

Rumford  Falls,  power  on  Androscoggin  river  at gj 

Saccarappa,  power  on  Presumpscot  river  at 75 

Saco  river  and  tributaries 71-74,103 

Saco  and  Biddeford,  Maine,  power  on  Saco  river  at 71, 72 

Saint  Croix  river  in  Maine 96-98,107 

Saint  Francis  river,  tributary  of  the  Saint  John  river loi 

Saint  George  river 89, 106 

Saint  John  river  in  Maine 99-101, 107 

Salmon  Falls  river 65-68, 69 

Sandy  river,  tributary  of  the  Kennebec  river.... 88,106 

Schuylkill  river,  Pennsylvania,  flow  of 9,10 

Sebasticook  river,  tributary  of  the  Kennebec  river 88, 106 

Sebec  river,  tributary  of  the  Penobscot  river 94,107 

Sewell's  Falls,  power  on  Merrimack  river  at 38 

Shawsheen  river,  Massachusetts 40,56 

Sheepscot  river 89, 106 

Shenandoah  river,  flow  of 10 

Skowhegan,  power  on  Kennebec  river  at 87 

Soil  in  region  considered 5 

Soucook  river,  tributary  of  the  Merrimack  river 46,59 

Souhegan  river,  tributary  of  the  Merrimack  river 44,  59 

Sowadabflcook  river,  tributary  of  the  Penobscot  river 93,107 

Spicket  river,  tributary  of  the  Merrimack  river 41,  57 

Stony  brook,  tributary  of  the  Merrimack  river 42,57 

Storage  capacity  of  New  England  streams  (table)  86 

Sudbury  river,  tributary  of  the  Merrimack  river 42, 57 

Sudbury  river,  flow  of  9, 10 

Suncook  river,  tributary  of  the  Merrimack  river ^ 45,59 

Surplus  power  at  Lawrence,  Massachusetts 37 

Surplus  power  at  Lowell,  Massachusetts 33 

Surplus  power  at  Manchester,  N"ew  Hampshire 37 

Swift  river,  tributary  of  the  Androscoggin  river 82,104 

T. 

Taunton  river,  Massachusetts 16,20,21 

Temperature  in  region  considered  .-. 6 

Tidal  water-power 6 

Topography  of  region  considered ', 3 

Twenty -Mile  river,  tributary  of  the  Androscoggin  river 82, 104 

r. 

Union  river •. 95,107 

Union  Water  Power  Company,  at  Lewiston,  Maine „ 80 

V. 

Vaughan  stream,  tributary  of  the  Kennebec  river 87 

W, 

"Water-power,  general  considerations;  respecting 1 

Waterville,  Main  e,  power  on  Kennebec  river  at 87 

Webb's  river,  tributary  of  the  Androscoggin  river 82, 104 

Wesserunsett  river,  tributary  of  the  Kennebec  river 88 

West  Machias  river,  Maine qq  107 

Wild  river,  tributary  of  the  Androscoggin  river 82 

Winds  in  region  considered 3^  6 

Winnipiseogee  river,  New  Hampshire 5(^-53,61 

Woonastuck  river,  Maine,  tributary  of  the  Saint  John  river 1 01 

Woonasquatnoket  river,  Bhode  Island 13, 20 

Woonsocket,  Bhode  Island,  power  on  Blackstone  river  at U 


REPORT  ON  THE  WATER-POWER 


OF   THE 


REGION  TRIBUTARY  TO  LONG  ISLAND  SOUND, 


BY 


DTSTBUCTOB  IN  CIVIL  ENGINEEEING  AT  THE  MASSACHTTSBTTS  INSTITUTE  OF  TECHNOLOGT, 

161— i 


1012  W  P— VOL  16 11 


LETTER  OF   TRANSMITTAL. 

Boston,  Mass.,  July  9,  1883. 
Professor  W.  P.   Trowbridge, 

Columbia  College,  New  York  city. 
Sir  :  I  have  the  honor  to  submit  a  report  upon  the  water-power  of  the  region  tributary  to  Long  Island  sound, 
based  upou  investigations  carried  on,  under  your  direction,  mainly  in  the  summer  and  autumn  of  1882.  The  results 
presented  rest  largely  upon  personal  observation,  but  yet  more  upon  interviews  with  manufacturers,  civil  engineers, 
and  other  persons  having  definite  knowledge  of  the  streams  examined.  Much  has  also  been  drawn  from  printed 
reports,  and  information  has  otherwise  been  derived  from  a  variety  of  sources.  With  the  limited  time  at  my  disposal 
it  was  out  of  the  question  to  make  a  thorough  examination  of  the  numerous  streams  in  this  section,  closely  lined 
as  many  of  them  are  with  manufacturing  sites,  and  some  of  the  remoter  districts  had  to  be  overlooked  altogether. 
Nevertheless,  enough  has  perhaps  been  learned  to  fulfill  the  general  design  of  the  work,  in  so  far  as  it  is  included 
under  the  following  headings :  First,  to  furnish  reliable  information  upon  the  topography,  resources,  and  other 
physical  conditions  affecting  the  value  of  the  principal  streams  for  water-power;  second,  to  give  such  description 
of  existing  Improvements  on  the  streams  as  might  be  of  general  interest  or  of  use  in  planning  future  works;  third, 
and  especially,  to  present  such  data  as  it  was  practicable  to  obtain  bearing  upon  the  opportunities  for  further 
development  of  power.  In  this  connection  estimates  of  available  power  have  been  prepared  for  important  sites, 
in  accordance  with  principles  fully  explained  elsewhere  and  uniformly  followed  in  the  reports  committed  to  my 
care.  Courtesy  and  aid  were  almost  invariably  received  from  those  consulted  during  the  work,  and  are  gratefully 
acknowledged. 

Very  respectfully, 

DWIGBT  rORTBE, 

Special  Agent. 
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METHOD  EMPLOYED  IN  ESTIMATING  THE  FLOW  OF  8TBEAMS. 


[t  will  be  admitted  by  all  that  the  only  satisfactory  mode  of  determining  the  volume  of  a  stream  is  by  caref-iJ 
measurements;  and  that,  in  order  that  such  measurements  shall  truthfully  show  its  character  and  capacity  as 
regards  flow,  they  must  be  continued  regularly  for  a  series  of  years.  There  are  a  very  few  rivers  in  the  United 
States,  such  as  the  Connecticut,  Sudbury,  and  Oroton,  with  some  others,  that  have  been  gauged  in  this  manner; 
but  the  great  majority  have  not  been  gauged  at  all,  and  even  where  measurements  have  been  made  there  have 
usually  been  but  one  or  two  for  a  stream,  and  these  have  often  been  rudely  carried  out,  and  without  recording  very 
definitely  the  accompanying  stage  of  water. 

Under  these  circumstances  it  may  seem  rash  to  attempt  any  extended  system  of  estimates.  I  have  chosen  to 
do  so,  however,  and  mainly  for  the  following  reasons:  One  of  the  great  objects  of  this  whole  work  has  been  to 
show,  so  far  as  possible,  what  opportunities  exist  for  the  development  of  new  water-powers,  and  the  further 
utilization  of  old  ones.  A  natural  and  leading  question  concerning  any  privilege  described  would  be  as  to  the 
available  power,  and  it  is  a  question  to  which  an  answer  only  approximately  correct  is  much  better  than  none  at 
all.  A  mere  description  of  a  stream  stating  that  it  is  a  certain  number  of  feet  wide  and  a  certain  number  deep, 
that  it  has  a  swift  or  a  sluggish  current,  and  that  it  is  well  or  poorly  sustained  in  the  dry  season,  conveys  but  a 
meager. and  indefinite  idea  as  to  its  real  capacity.  Again,  very  erroneous  views  are  frequently  held  and  given  out 
as  to  the  power  to  be  obtained  at  certain  points.  Not  once  only,  but  many  times,  it  has  been  represented  to  me, 
with  half  honesty,  that  some  privilege  would  carry  "more  machinery  than  is  found  at  Lowell",  or  "all  the  machinery 
that  could  be  placed  upon  it",  while  it  was  evident  that  the  power  was  really  quite  limited.  What  is  vaguely  called 
the  "average  stage"  of  a  stream  is  sometimes  used  as  the  basis  for  calculating  its  power,  though  it  is  manifestly  an 
unfair  basis.  Although  I  recognize  that  the  results  of  my  estimates  are  lialjle  to  wide  errors,  and  although  I  wish 
here  to  disclaim  for  them  a  pretension  of  accuracy,  yet,  in  view  of  the  facts  I  have  stated,  I  think  they  may  have  a 
value  in  roughly  indicating  the  available  jjower  of  the  various  streams.  I  have  endeavored  to  form  them  with 
care  and  discrimination;  to  obtain  the  best  data  possible;  to  compare  the  streams  with  each  other;  to  adjust  the 
results  to  actual  measurements,  where  those  have  been  made,  rather  than  trust  entirely  to  theory;  and,  especially, 
to  place  them  under,  rather  than  over,  the  truth. 

These  estimates  will  generally  be  found  given  for  the  following  stages  of  flow  : 

1.  Low  water  of  an  ordinarily  dry  year. 

2.  Low  water  of  an  average  year. 

3.  Available  ten  months  in  an  average  year. 

In  using  the  term  low  water  as  above,  I  make  exception  of  the  abnormally  low  stage  which  a  stream  will 
sometimes  reach,  and  maintain  for  some  hours,  or  even  a  day  or  two,  and  which  is  due  to  the  temporary  shutting 
down  at  points  above  to  permit  mill-ponds  to  fill. 

By  an  ordinarily  dry  year,  I  mean  such  an  one  as  is  likely  to  occur  in  the  course  of  five  or  ten  years.  At  longer 
intervals,  ranging  from  ten  to  fifty  jears,  remarkable  droughts  may  occur,  when  a  stream  will  sink  still  lower  and 
reach  its  minimum,  but  such  an  occurrence  is  so  exceptional  that  it  need  not  here  be  considered. 

Making  the  same  exception  as  beiore  lor  abnormally  low  flow,  low  water  of  an  average  year  would,  if  gaugings 
were  at  hand,  be  determined  as  the  average  of  the  lowest  gaugings  of  each  of  a  series  of  years. 

The  third  estimate  is  lor  the  volume  to  be  relied  upon  ten  months  in  the'  average  of  jears.  Those  ten  months 
need  not  be  consecutive;  they  express  the  sum  total  of  the  time  during  which  the' volume  will  be  above  a  certain 
•point,  and  include  the  period  of  high  water,  in  which  more  or  less  hiuderance,  and  even  stoppage,  are  liable  fiom 
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backwater.  It  is  very  seldom  tbat  an  important  privilege  is  developed  to  a  degree  that  can  be  realized  only  a  few 
months  in  the  year ;  but  it  is  common  to  introduce  wheels  of  a  capacity  for  which  the  supply  of  water  will  suffice 
only  nine  or  ten  months,  and  it  seems  fitting  that  a  corresponding  estimate  should"  be  made. 

In  all  cases,  unless  otherwise  stated,  the  volume  of  a  stream  as  given  by  me  must  be  regarded  as  the  average 
flow  for  twenty-four  hours.  By  storage  at  dams  during  the  night,  and  use  of  power  in  the  day-time  only,  the 
flow  can  be  concentrated  and  more  than  the  average  discharge  realized  during  the  working'hours.  But  I  have 
few  data  as  to  the  extent  of  pondage  that  could  be  obtained ;  and  the  effects  of  storage,  in  varying  amounts  and  at 
different  points  along  a  stream,  are  so  intermingled  that  I  think  it  impracticable  to  attempt  estimates  in  which 
that  item  shall  be  taken  into  account.  The  calculated  horse-powers  are  gross,  or  theoretical;  from  60  to  80  per 
cent,  of  their  amount  will  be  yielded  by  good  turbine-wheels. 

The  method  employed  bj'  me  in  constructing  my  estimates  involves  two  general  assumptions: 

1.  A  certain  proportion  of  the  mean  annual  rainfall  as  carried  off,  in  the  average  of  years,  by  each  stream. 

2.  A  certain  distribution  of  that  drainage  through  the  year. 

Both  the  assumed  proportion  and  its  distribution  vary  with  the  stream ;  the  general  reasons  which  act  to 
change  these  conditions,  such  as  topography,  character  of  rainfall,  lakes,  ibrests,  and  other  causes,  are  so  well- 
known,  and  have  been  so  often  stated,  that  I  shall  not  rehearse  them  here.  With  regard  to  the  first  assumption, 
it  may  be  said,  in  brief,  that  a  large  proportional  discharge  will  be  promoted  by  a  prompt  and  thorough  drainage  of 
the  rainfall  into  the  water-courses;  and  that,  generally  speaking,  those  causes  which  are  opposed  to  such  a  drainage 
will  tend  to  produce  a  lower  proportional  discharge.  The  two  qualities  of  promptness  and  thoroughness  do  not, 
however,  always  occur  in  the  same  degree,  but  vary  widely  with  the  surface  and  other  conditions,  and  each  may 
act  to  disguise,  and  even  to  overcome,  an  effect  of  the  other:  For  example,  other  things  remaining  the  same,  from 
a  steep,  isocky  district,  with  a  scanty  covering  of  soil,  and  devoid  of  forests,  the  introduction  of  the  latter  might 
result  in  a  smaller  annual  drainage ;  but  their  introduction  upon  a  flat  region  might  increase  the  annual  drainage 
by  sheltering  the  surface  of  the  ground  and  so  diminishing  evaporation ;  in  other  words,  while  in  the  latter  case 
lessening  the  promptness  of  drainage,  they  might,  to  a  much  greater  extent,  increase  its  completeness. 

In  assuming  the  proportion  of  rainfall  discharged  by  the  streams,  I  have  been  guided  by  such  published  data 
as  I  was  able  to  find.    They  are  as  follows :  . 

A. — Connecticut  river,  at  Hartford.  For  the  eight  years,  1871-'78,  the  discharge  of  this  river  was  observed 
daily,  under  the  direction  of  Mr.  Theodore  G.  Ellis,  civil  engineer.  The  observations  were  made  for  the  government, 
in  the  interests  of  navigation.  The  daily  record  for  the  years  1871-'77,  both  inclusive,  is  contained  in  Ex. Doc.  No. 
101,  House  of  Rep.,  i5th  Congress,  2d  session.  House  Ex.  Doc.  No.  42,  i6th  Congress,  2d  session,  contains  the  daily 
record  for  1878,  and  also  a  summary  of  the  discharge  by  months  for  the  whole  eight  years.  The  drainage  area 
above  Hartford,  as  given  by  Mr.  Clemens  Herschel,  is  10,234  square  miles  (see  Transactions  Amer.  Soc.  Civ.Engrs., 
Yol.  VII,  'So.  clxviii).  From  the  Smithsonian  rainfall  records  I  find  the  average  rainfall  over  this  section  to  be 
approximately  42.7  inches.  Of  this  rainfall  a  mean  annual  percentage  of  62.8  was  discharged  by  the  river;  in  the 
year  of  maximum  discharge  the  percentage  of  the  mean  annual  rainfall  was  72.2,  while  in  the  minimum  year  it  was 
51.8.  The  area  drained  by  the' Connecticut  is  hilly  and  mountainous,  the  valleys  being  more  or  less  cultivated,  and 
the  hills  wooded  and  pasture  land. 

B. — Sudbury  river,  Massachusetts.  In  a  paper  by  Mr.  Alphonse  Fteley  (see  Transactions  Amer.  Soc.  Civ.  Engrs., 
Vol.  X,  No.  ccxxiv)  are  given  the  results  of  a  very  careful  series  of  gaugiugs  of  this  river,  extended  through  the 
six  years  1875-'80,  from  which  it  appears  that  of  a  mean  annual  rainfall  during  that  period  of  46.1  inches,  an  average 
of  47.56  per  cent,  was  collected  by  the  stream. 

Comparing  the  amount  collected  in  any  one  year  with  the  rainfall  in  the  same  year,  the  maximum  percentage 
was  57.90  and  the  minimum  32.71. 

Comparing  the  amount  collected  in  any  one  year  with  the  mean  rainfall  for  the  entire  six  years,  the  maximum 
percentage  was  66.13  and  the  minimum  27.09.  The  drainage  area  included  in  these  observations  was  78  square 
miles,  described  as  one-sixth  to  one-eighth  wooded,  and  the  balance  farming  land. 

C— See  Transactions  Amer.  Soc.  Civ.  Engrs.,  Yol.  Ill,  No.  Ixxxvii,  Notes  on  the  Flow  of  the  West  Branch  of  the 
Croton  River— 3.  James  E.  Croes.  As  a  mean  from  observations  for  49^  months,  it  appears  that  the  annual  rainfall 
during  the  time,  upon  the  basin  of  the  West  branch  of  the  Croton  river,  was  50  inches,  of  which  an  average  of 
62.92  per  cent,  was  discharged  by  the  stream.  The  drainage  area  was  20.37  square  miles.  Regarding  the  surface 
features,  Mr.  Croes  remarks : 

The  surface  of  this  water-shed  is  very  broken  and  undulating,  the  hill-sides  are  steep  and  rocky,  a  large  proportion  of  the  area  is 
covered  with  timber,  and  of  the  cleared  portion  the  greater  part  is  kept  in  grass,  very  little  being  cultivated.  The  rock  which  lies 
near  the  surface  over  most  of  the  area,  is  a  very  compact  gneiss. 

In  the  same  paper  is  given  the  proportional  discharge  from  the  entire  water-shed  of  the  Croton  river  from 
which  the  supply  of  New  York  city'is  dratvn.     "  This  water-shed  includes  that  of  the  West  branch,  but  is  sixteen 
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iimes  as  great,  comprisiug-  335  square  miles.  The  ])roportion  of  flat  and  cultivated  land  is  mncli  greater."  The 
discharge  was  not  determined  with  ns  great  iucuracy  as  in  the  case  of  the  West  branch,  but  showed  as  the  average 
of  six  years  (18C4-'(J9)  a  rainfall  of  49.79  inches,  of  which  50.5  per  cent,  was  carried  off  by  the  stream. 

D.— In  the  report  for  the  quarter  ending  June  30, 1879,  of  the  Dcjiartment  of  Public  Works,  New  York  city,  is 
given  the  average  daily  flow  of  the  Croton  river  at  Croton  dam  lor  the  thirteen  years  1866-'78. 

The  drainage  area  is  here  stated  as  339  square  miles.  Q'he  average  annual  rainlall  during  the  period  was  46.64 
inches,  of  which  the  mean  drainage  by  the  stream  was  56.5  per  cent. 

Comparing  the  drainage  in  any  one  year  with  the  rriinfall  in  the  same  year,  the  maximum  ratio  was  0.74,  and 
the  minimum  0.45. 

Comparing  the  drainage  in  any  one  year  with  the  mean  rainfall  for  the  whole  thirteen  years,  the  maximum 
ratio  was  0.80,  aud  the  minimum  0.41. 

E.— In  a  report  by  Captain  Charles  J.  Allen,  corps  of  engineers,  U.  S.  Army,  on  the  subject  of  reservoirs  at  the 
sources  of  the  Mississippi  (Sevate  Ux.  Doc.  Wo.  48,  46^/j  Congress,  3d  session),  there  is  given  a  table,  copied  from  a 
report  of  the  Boston  water-board,  showing  the  rainfall,  rainfall  collected,  and  percentage  of  rainfall  collected,  in 
inches,  at  Cochituate  reservoir,  during  all  but  two  years  of  the  period  1852-'79. 

The  average  rainfall  was  49.59  inches,  aud  the  a\erage  percentage  collected,  46. 

Comparing  the  amount  collected  in  any  one  year  with  the  rainfall  of  that  year,  the  greatest  percentage  was 
78,  and  the  least  25. 

Comparing  the  amount  collected  in  any  one  year  with  the  mean  annual  rainfall,  the  greatest  percentage  was 
94,  and  the  least  30. 

F. — In  his  report  on  the  Water-Power  of  Maine  (page  53),  Mr.  Walter  Wells  assumes  40  per  cent,  of  the  42 
inches  annual  rainfall  of  the  state  as  passing  off  in  the  streams.  He  describes  the  state  as,  in  general,  moderately 
hilly,  with  a  shallow  soil,  underlaid  by  hard  and  impervious  rock.  The  northern  slope  of  the  state  is  comparatively 
uniform  in  elevation,  and  contains  extensive  swamps  ;  the  southern  slope  has  a  broken  surface  and  a  pretty  uniform 
descent  toward  the  sea.  About  one-fifth  the  surface  of  the  state  is  more  or  less  mountainous,  and  two-thirds  is 
covered  with  forest. 

C— In  a  report  made  March  6,  1879,  to  the  Newark  aqueduct  board,  by  Messrs.  J.  J.  E.  Oroes  and  George  W. 
Howell,  on  the  subject  of  additional  water-supply,  the  average  annual  yield  of  the  Passaic,  with  a  drainage  area 
of  900  square  miles,  was  estimated  at  26.75  inches  on  that  area,  with  a  rainfall  of  42.55  inches.  The  ratio  of  yield  is 
62.9  per  cent.  The  rainfall  on  this  basin  varied,  according  to  long  continuous  records,  from  42.55  inches  on  the 
western  boundary,  to  46.40  and  53.80  inches,  respectively,  at  two  points  near  the  eastern  boundary.  If  we  call  the 
average  for  the  basin  45  inches,  then  the  ratio  of  assumed  yield  as  above  is  59.4  per  cent.  Eegarding  the  surface 
drained,  it  is  stated  that — 

TopograpMoally,  the  water-shed  above  Paterson  consists  of  a  great  central  basin  of  about  200  square  miles  area,  with  a  general 
elevation  of  120  to  180  feet  above  tide-water,  and  surrounded  on  three  sides  by  a  broken  and  rocky  hill  country,  extending  generally  for 
about  12  miles  from  the  basin. 

In  the  same  report  (page  37),  the  average  yield  of  the  Concord  river  is  given  as  18.62  inches,  on  a  drainage 
area  of  352  square  miles.  I  find  the  annual  rainfall  on  the  basin  to  be  42.47  inches,  from  which  it  appears  that 
43.84  per  cent,  of  this  is  carried  off  by  the  stream. 

Again,  in  this  report  (page  37),  the  average  annual  yield  of  the  Merrimack  is  stated  to  be  29.85  inches  on  a 
drainage  area  of  4,136  square  miles.  From  the  Smithsonian  records  I  estimate  the  mean  annual  rainfall  to  be  46 
inches  above  Lowell.    The  mean  discharge  of  the  Merrimack  is,  therefore,  64.9  per  cent,  of  the  rainfall. 

H. — The  report  on  a  Survey  of  the  Waters  of  the  Upper  Hudson  and  Eaquette  Rivers,  made  by  Parrand  N.  Benedict, 
in  1874,  assumes  (page  22)  that  the  annual  rainfall  on  the  plateau  is  64.53  inches,  and  the  drainage  45.42  inches,  or 
70.4  per  cent.  Mr.  Benedict  also  remarks  that  William  H.  Talcott,  civil  engineer,  in  his  report  of  1839  upon  the 
supply  of  water  for  the  Genesee  canal,  concluded  from  experiments  made  in  connection  with  a  reservoir  on  Madison 
brook  that  "  the  drainage  of  Madison  Brook  valley  during  the  whole  year  is  0.518  of  the  rainfall". 

I.— Humphreys  and  Abbot's  report  on  the  Mississippi  river  contains  approximate  determinations  of  the  ratios 
between  rainfall  and  drainage  for  that  river  and  its  chief  tributaries.  The  ratios  as  given  vary  from  15  to  90  per 
cent.,  and  will  be  found  in  detail  in  the  summary. 

J. — Captain  Allen,  in  his  calculations  for  a  reservoir  system  at  the  headwaters  of  the  Mississippi,  assumed  foi 
the  sources  of  that  river  a  mean  annual  rainfall  of  25  inches,  and  for  the  available  quantity  actually  finding  its 
way  into  the  streams,  0.7  of  a  foot,  or  33.6  per  cent,  of  the  rainfall.  (See  Appendix  S  8,  page  1199,  Report  Chief  of 
Engineers,  1879.) 

K.— In  the  fall  of  1880,  Mr.  Joseph  P.  Frizell,  United  States  assistant  engineer,  in  examinations  carried  on  in 
connection  with  the  Mississippi  reservoir  system,  made  a  reconnaissance  of  Eock  river  (Wisconsin  and  Illinois)  for 
suitable  reservoir  sites.  In  his  report  concerning  Horicon  reservoir,  situated  some  50  miles  northwest  of  Milwaukee, 
and  having  a  drainage  area  of  491  square  miles,  he  assumes  a  rainfall — that  of  Milwaukee — of  35.33  inches,  and 
that  40  per  cent,  of  this  finds  its  way  into  the  reservoir.     (See  Report  Chief  of  Engineers,  1881,  page  1809.) 
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L. — On  page  2400,  Report  Chief  of  Engineers,  1881,  is  a  report  by  Mr.  C.  D,  Ward,  United  States  assistant 
engineer,  on  a  water-supply  for  the  proposed  enlargement  of  the  Wabash  and  Erie,  and  Miami  and  Erie  canals. 
In  estimating  concerning  the  reservoir  supply  for  those  canals,  Mr.  Ward  assumes  an  annual  drainage  of  10  inches, 
from  a  rainfall,  at  Bellefontaine,  of  40.49  inches,  or  a  percentage  of  24.7.    He  states  that—" 

Most  of  the  gathering  ground  being  rather  flat,  the  rain  running  oflf  slowly,  giving  time  for  a  large  amount  of  evaporation  before 
reaching  the  streams,  I  have  assumed  10  inches  as  the  annual  drainage. 

M. — Humphreys  and  Abbot  give  the  drainage  area  of  the  Missouri  river  as  518,000  square  miles,  the  annual 
downfall  of  rain  as  25,200,000,000,000  cubic  feet,  and  the  percentage  drained  off"  as  15  (=3,780,000,000,000  cubic 
feet).  I  was  informed  by  Major  Charles  E.  Suter,  corps  of  engineers,  U.  S.  Army,  that  for  the  year  1879  the  total 
discharge  of  the  Missouri  was  2,336,143,946,400  cubic  feet,  and  that  it  was  not,  probably,  materially  different  in 
1880,  although  at  the  time  of  his  letter  the  calculations  had  not  been  made  for  that  year.  If  we  assume  the  mean 
annual  rainfall  at  the  same  rate  as  assumed  by  Humphreys  and  Abbot,  but  for  the  more  recently  determined, 
drainage  area  of,  in  round  numbers,  528,000  square  miles,  the  above  discharge  represents  a  percentage  of  only  9.1 
of  the  average  rainfall.  Whether  the  year  1879  was  an  unusually  dry  one  throughout  the  Missouri  basin,  I  am 
unable  to  say ;  the  following  records  of  the  signal  service,  at  sijveral  scattered  points,  show  how  the  year  compared 
in  rainfall  in  those  localities  with  the  average  of  years : 

Rainfall  in  1879  at  points  in  the  Missouri  basin,  compared  with  the  average  rainfall  at  those  points. 

[From  Signal  Service  records.] 


Locality. 

Tears  of 
record. 

Eainfall, 
187S. 

Eainfall, 
average. 

Eatio  of 
1879  to 
average. 

Saint  Louis,  ilisaouri    

1871-'80 
1872-'80 

Inches. 
25.70 

Inohes. 
36.99 
39.30 
33.13 
18.13 

0.69 
1.06 
0.91 
1.12 
0.83 
0.74 

Omaha,  Nebraska         .' 

Nortli  Platte,  Nebraska 

1873-'80          30. 31 
1875-'80     '      20. 06 

Denver,  Colorado 

1872--80 

10.86 

14.64 

]S". — Clear  creek  is  a  mountain  tributary  of  the  South  Platte  river,  in  Colorado.  It  issues  from  the  foot-hills  of 
the  Eocky  mountains  at  Golden,  above  which  point  its  drainage  area  is  436  square  miles.  As  the  result  of  a  large 
number  of  measurements,  extending  at  intervals  through  a  period  of  over  twenty  years,  and  made  by  Captain  E. 
L.  Berthoud,  of  Golden,  it  appears  that  the  annual  drainage  past  that  point  is  about  7.75  inches  on  the  water-shed. 
Captain  Berthoud  estimates  the  average  rainfall  at  20.62  inches,  of  which  37.6  per  cent,  is,  therefore,  carried  off  by 
the  stream. 
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A  summary  is  herewith  presented  of  the  facts  hitherto  given  concerning  drainage: 

Taile  showing  observed  and  assumed  ratios  of  drainage  to  rainfall  in  various  parts  of  the  United  States. 


stream  or  locality. 


Drainage 
aTea. 


MEAN  ANNUAT.  RAINFALL. 


SpriDfl;. 


Summer. 


Autumn. 


Winter. 


Year. 


Mean 

annual 

drainage. 


Katio  of 
drainage 
to  rain- 
fall. 


Kemarke. 


1    Sq.  miles. 

A.— Connecticut  river,  at  ■      a  10,234 
Hartford. 


Inches. 
10.30 


B.— Sudbury  river,  Massa-  i  78  12. 20 

chuaetts. 


C. — West  branch  of  Croton 
river. 


Croton  river  . 


D. — Croton  river. , 


E. — Cochituate  reservoir. 
F. — Rivers  of  Maine 


Gr. — Passaic  river . 


Concord  river 

Merrimacls:  river 

H. — New  Yorlt  plateau ; 
upper  waters  of  Hudson 
and  Kaqnette  rivers. 


Madison   brook, 
York. 


New 


1  — Results  for  Mississippi 
river  and  tributaries,  as 
given  by  Humphreys  and 
Abbot:  (6) 

Ohio  river 


20.  37  12.  70 


335-339 


352 
4,  136  ! 


Missouri  river  . 


Upper  Mississippi  river 

Small  tributaries 

Arkansas   and  White 


Red  river . 


Yazoo  river 

Saint  Francis  river 

Entire  Mississippi,  ex- 
clusive of  Red  river. 

J. — Headwaters  of  Missis- 
sippi. 

K. — Horicon  lake,  Wiscon- 
sin. 

L. — Proposed  enlargement 
of  Wabash  and  Erie,  and 
Miami  and  Erie  canals. 

M. — Missouri  river 


214, 000 


169,  000 
32, 400 
189,000  j 


97,  000 

13.  850 
10, 500 

1, 147,  000 


491 


N. — Clear  creek,  Colorado. 


c 528, 000 


436 


11.90 


13.48 
9.00 


Inches. 
11.90 


12.60 


15.60 


14.35 


12.60 
10.00 


Inches. 
11.30 


Inches. 
0.20 


Inches. 
42.70 


9.80 


11.90 
13.00 


11.61 
10.00 


11.17 
11.50 


11.36 

12.50 


9.90 
11.60 
6.80 


11.10 
11.10 


9.72 
10.01 


6.50 

12.60 
12.90 
11.60 


12.60 


10.20 
10.60 


10.64 
12.00 


9.30 
10.00 


11.27 
14.25 


4.40 

8.30 
10.00 
7.20 


1.70 


9.00 
8.50 


8.69 
8.13 


2,70 

4.70 
13.00 
4.00 


I 


8.30 


15.80 
10.70 


5.75 
8.10 


46.64 


49.59 
42.00 


42.55 


42.47 
46.00 
64.53 


19.  26  to 
40.05 


25.00 

35.33 
40.49 


20.62 


Inches. 
26.  800 


25. 130 


26.  352 


22.  810 
16.800 


26.  760 


18.  620 
29.850 
46. 420 


20.  34  to 
20.75 


0.605 


0.565 


0.46 


41.  952 
40.  684 

7.318 

8.400 

14. 130 
10.  000 


0.  4384 

0.649 

0.704 


I   0.1 


10.  067 

0.24 

3.141 

0.15 

8. 405 

0.24 

43.044 

0.90 

4.565 

0.15 

0.90 
0.90 

0.25 

0.336 

0.40 
0.247 


d  1.  904 

7.  750         0.  376 


Drainag;e  tletermincd  by  measurements  of  dis- 
chaipo  at  Hartford  for  eight  years.  Country 
drained  hilly  and  mountainouB,  rocky  and 
wooded. 

Drainage  duterrained  by  careful  measurements 
of  diaeharffe  for  six  years.  Country  drained 
one-sixth  to  one-eijiblh  wooded,  balance  farm- 
ing land. 

Drainage  determined  by  measurements  of  dis- 
charge for  i'oity-nine  and  a  half  months. 
Country  drainrd  broken  and  hilly,  with  steep 
rocky  slopes,  timbered,  and  little  cultivated. 

Drainage  determined  by  measurements  of  dis- 
charyfe  for  six  years  ;  less  accuiate,  however, 
than  in  case  of  West  branch.  Drainage  area 
includes  that  of  West  branch,  but  proportion 
of  flat  and  cultivated  land  is  much  greater. 

Drainage  determined  by  measurements  of  dis- 
charge for  thirteen  years. 

Based  on  observations  for  twenty-six  years. 

Assumed  ratio  of  drain.ige  in  Water-Power  o;f 
Maine.  Surface  ff  statu  moderately  hilly, 
mountainou.'A  over  about  onetilt]i,  contains 
many  lakes  injd  swamps,  is  underlaid  by  im- 
pervious rock,  and  two-thirds  covered  with 
forest. 

Assumed' ratio  of  drainage  in  estimating  for 
water-supply.  Rainfall  assumed  as  given, 
though  it  varies  f»n  the  drainage  area  fiora 
42.55  to  46.40,  find  evtu  53.80  inches.  Basin 
hilly  aud  locky. 

Based  on  drainage  us  givm  by  Croes  and  Howell. 

Do, 

Eatio  of  drainage  assumed  by  F.  N.  Benedict. 


Conclusion  as  to  ratio  of  drainage  drawn  by 
William  H.  Talcott,  civil  engineer,  from  ex- 
periments by  John  B.  Jervis. 


Great  variety  of  surface,  from  mountainous  to 
1  oiling  and  flat,  and  from  forest  to  open  prairie. 

Country  mountainous  and  timbered  at  head- 
wateis,  but  east  of  the  Kocky  mountaius  a 
rolling  praiiie  without  timber. 

Heavy  timber  and  many  lakes. 

Country  mountainous  at  headwaters  of  Arkan- 
sas, thence  eastward  rolling  praiiie,  till  in  Ar- 
kansas rt  more  varied  surface  is  encountered 
again,  including  some  mountains  and  a  large 
proportion  of  timbei'. 

Large  proportion  of  open  prairie ;  lower  basin 
timbered. 


Basin  heavily  timbered ;  upper  part  hilly  and 
broken;  lower  sunken  and  flat. 


Eartio  assumed  by  Captain  Charles  J.  Allen,  cori)8 
of  engineers,  in  calculations  for  reservoir 
system. 

Ratio  assumed  by  Joseph  P.  Frizell,  in  calcula- 
tions for  reservoir. 

Ratio  assumed  by  C.  D.  Ward,  in  calculations  for 
reservoir  supply.    Country  flat. 

Drainage  for  1879  =  0.091X  estimated  mean  an- 
nual rainfall. 

Based  on  measurements  by  Captain  E.  L.  Ber- 
thoud. 


Note. — In  some  of  the  reports  cited  the  rainfall  is  not  given  by  seasons.  In  several  such  cases  I  have  estimated  the  amounts  from  other  rainfall  records,  and 
the  figures  must  not,  therefore,  he  depended  on  as  strictly  accurate. 

a  The  drainage  area  taken  in  this  article  for  the  Connecticut  river  at  Hartford  is  as  given  by  Mr.  Herschel,  and  is  80  square  miles  greater  than  my  own 
measurement.    The  disagreement  is  too  slight,  however,  to  make  any  essential  difierence  in  the  results  obtained. 

h  In  the  case  of  the  streams  considered  by  Humphreys  and  Abbot  I  have  stated  the  rainfall  by  seasons  as  given  in  their  report.  In  estimating  the  yearly 
downfall,  however,  they  adopted  figures  slightly  different  from  the  aggregates  of  the  seasons  as  here  given,  and  based  upon  the  amounts  shown  by  three  different  ram 
charts— the  Army,  Blodget's,  and  Delta  Survey. 

c  Drainage  area,  in  round  numbers,  by  more  recent  measurement  than  that  of  Humphreys  and  Abbot. 

d  Tear  1879  only.  175 
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The  ratios  of  drainage  which  I  have  assumed  in  different  sections  range  as  follows : 

Ratios  of  drainage  to  rainfall  assumed  in  this  work. 


Section. 


Mean 
annual 
rainfall  on 
water-sheds 
consid- 
ered, (a) 


Kegion  tributary  to  Long  Island  sound 

Hudson  Eiver  basin 

Region  tributary  to  late  Ontario — 

Eastern  Gulf  slope 

Ohio  Eiver  basin  (portion  lying  in  Ohio,  Pennsylvania,  and  the  northern  part  of  West  Virginia) 

Eastern  Iowa  slope 

Eastern  Missouri  slope .•-..., 

Missouri  Eiver  basin  (portion  draining  to  the  main  river  below  Yankton) 

Arkansas  Eiver  basin  (portion  estimated  upon  is' limited  to  southeastern  Kansas  and  a  part  of  the  White  Eiver  basin). 
Eed  River  basin-  (estimates  confined  to  upper  basin  of  Ouachita  river) 


Assumed 

average 

annual 

drainage 

from  water. 

sheds. 


Inches. 
40  -52 
38-40i 


49  -54 


25J-42i 
38i-39i 
13  -41 

36i-39i 
50 


Inches. 
17J-27i 
18  -24 


15J-24J 


6J-12 
13i-U 
2-13i 
74-13J 
124 


Assumed 

ratios  of 

drainage 

to  rainfall. 


0. 40-0. 63 
0. 45-0. 60 


0. 30-0. 60 


0.  25-0. 30 

0.35 

0. 10-0.  35 

0. 20-0. 35 

0.25 


a  The  rainfalls  here  given  are  not  necessarily  the  limits  for  the  section  considered,  but  rather  refer  to  the  data  actually, employed  in  estimates. 

I  shall  now  explain  the  second  assumption  made,  viz,  that  of  a  certain  proportional  distribution  of  the  drainage 
through  the  year.  However  uniform  the  volume  of  a  stream  may  appear  to  the  eye,  it  in  reality  hardly  remains 
the  same  two  days  in  succession,  or,  indeed,  two  hours  in  succession,  but  is  subject  to  constant  fluctuations,  even 
though  they  be  at  times  slight.  The  periods  of  high  and  low  water  are  also  of  variable  occurrence,  and  in  a  series 
of  years  may  range  through  nearly  every  season.  If,  now,  we  take  the  flow  of  a  stream  by  days  for  an  entire 
year,  and  arrange  it  according  to  the  days  of  least  discharge,  representing  the  average  discharge  of  each  day 
by  a  suitable  ordinate,  an  approximation  to  some  sort  of  a  curve  will  result,  which  will  illustrate  the  distribution 
of  the  flow  through  that  year.  If  we  are  able  to  employ  as  the  basis  in  constructing  the  curve  the  results  of 
gaugings  extending  through  a  series  of  years,  the  characteristic  of  the  stream  as  regards  flow  will  be  shown  with 
great  accuracy.  My  own  experience  in  constructing  such  curves  has  been  that,  although  from  the  records  of  a 
single  year  only  a  broken  line  may  result,  having  no  well-defined  curvature,  yet  from  the  gaugings  of  a  series  of 
years  a  quite  regular  and  beautiful  curve  will  be  obtained.  This  method  of  showing  graphically  the  distribution 
of  flow  of  any  stream  was,  I  think,  first  practically  described  and  carried  out  by  Mr.  Clemens  Herschel;(a)  he 
arranged  the  results  of  gaugings  by  calendar  months  of  least  and  greatest  flow,  but  for  my  purposes  I  have  preferred 
to  arrange  them  by  days  where  they  were  accessible  in  that  form. 

The  forms  which  the  curves,  determined  in  this  manner,  may  take,  are  infinite  in  variety,  being  due  to  all  those 
diverse  conditions,  and  their  combinations,  of  climate  and  surface  features,  which  affect  the  flow  of  streams.  There 
are  certain  general  principles,,  however,  which  may  be  observed  regarding  them.  It  is  obvious  that  if  the  rate  of 
discharge  of  a  stream  were  to  remain  fixed  and  invariable  throughout  the  year,  its  flow  would  be  represented  by  a 
straight  line  parallel  to  the  axis  of  abscissas.  Any  causes  which  act  to  throw  it  out  of  that  condition  of  uniform 
flow  will  tend  to  produce  a  curve,  and  the  greater  the  extremes  between  low  and  high  water,  the  more  will  the 
curve  depart  from  the  position  cerresponding  to  an  invariable  volume. 

We  may  construct  the  curves  on  three  different  bases : 

1.  With  respect  to  the  absolute  rate  of  discharge  in  cubic  feet  per  second  per  square  mile  of  drainage  area. 
The  curves  thus  formed  will  show  the  striking  contrast  that  exists  between  the  streams  of  the  Atlantic  slope  and 
those  of  the  western  prairie  regions,  as  regards  the  yield  per  square  mile.  If  the  average  high-water  discharge  of 
the  Missouri  river  were  at  the  same  rate  per  square  mile  as  that  of  the  Connecticut,  it  would  amount  to  over 
6,000,000  cubic  feet  per  second ;  and,  similarly,  the  low-water  discharge  would  be  about  285,000  cubic  feet  per  second. 

2.  Eelatively  to  low  water  (average  low  water  where  that  is  known),  taken  as  a  basis  of  reference.  In  this 
manner  the  fluctuations  of  the  streams  will  be  brought  out  more  prominently,  and  it  will  be  noticed  that  the 
Arkansas,  for  instance,  for  the  single  year  given,  although  its  curve  under  the  first  case  is  flat,  and  shows  only 
small  variations  in  discharge  per  square  mile,  was  really  subject  to  a  very  great  relative  fluctuation  of  volume 
between  low  and  high  water. 

3.  We  may  construct  the  curves  with  reference  to  mean  flow  for  a  series  of  years,  considering  that  as  unity,  or 
a  basis  of  reference.  • 

Buch  numerical  data  as  I  have  been  able  to  find,  and  upon  which  the  curves  shown  are  based,  nre  given  below. 
There  are  a  few  cases  in  which  the  gaugings  have  been  carried  through  a  series  of  years ;  1  have  also  included 
some  examples  in  which  they  were  made  for  several  months  or  a  year  only,  and  these  may  have  some  interest, 
though  they  are  of  much  less  practical  value  than  the  former. 


a  liemarlca  on  the  Gaaying  of  Streams,  made  June  ly,  1878,  at  the  tenth  annual  convention  of  the  Americiin  Society  of  Civil  Kno'iueers 
by  Clemens  Hersche],  civil  engineer,  member  of  the  society.     Mr.  Herschel  states  tliat  lie  receivert  the  tii:st  snggestion  of  the  niethofl  from 
Mr.  Joseph  P.  Davi.s,  city  engineer  of  Boston. 
170 


METHOD  EMPLOYED  IN  ESTIMATING  THE  FLOW  OF  STREAMS. 


^ 


Table  showing  distrihution  of  Jfotv  of  streams  through  the  year,  in  cubic  feet  per  second  per  square  mile  of  drainage  avea. 

(o)  ARRANGED  ACCORDING  TO  DAYS  OF  LEAST  DISCHAKGE. 


Stream. 


Connecticut,  at  Hartford  (c) . 

Arkansas  (e) 

Mississippi,  at  Colnmbus  (/) . 

Mississippi,  atVicksburgand 
Natchez  {g) 


Mississippi,  at  Carrolltou  {h) 


Approxi- 
mate 

drainage 
area. 


.S'^.  iiiUes. 
10,  234 

160,  000 

930,  540 

1,154,607 

1, 160,  000 

to        ' 

1, 170,  ooo! 


5      a 


<1 


0.540 
0.015 
0.140 

0.200 

0.172 


30th. 


60th. 


90th. 


•120th. 


150th. 


0.620 
0.022 
0.180 

0.250 

0.219 


I 


0.690 
0.032 
0.260 

0.340 

0.236 


0.760 
0.056 
0.350 

0.450 

0.253 


0.870 
0.206 
0.460 

0.620 

0.288 


1.030 
0.269 
0.510 

0.720 

0.412 


180th. 


2I0tll.    •J4l]lli.  I'JTOtb. 


SOOtb. 


330th.  I  360th. 


1.250 
0.319 
0.570 

0.760 

0.494 


1.540 

1.970 

0.364 

0.400 

0.640 

0.730 

0.910 

0.990 

0.618 

0.678 

2.480 
0.425 
0.930 

1.040 

0.735 


3.250 
0.450 
1.140 

1.060 

0.800 


4.730 
».469 
1.260 

1.070 

0.910 


7.720 

0.508 

1.490 

0.969 

11.420 
0.538 
1.510 

1.080 

0.989 


--P. 

■E-gP- 

o  ^'2 

S  u-o 

h     a 

^§i:S 

erage  flo 
f    years 
eet  per 
quare  m 

f>    OetH    m 

<) 

2.  021 

dl.  973 

0.275 

(!)0.  335 

0.662 

0.520 

0.701 

0.539 

0.507 

0.  5.39 

a  The  average  lowest  day  is  employed  where  the  records  used  cover  more  than  one  year. 

b  In  some  cases  the  results  of  this  column  are  based  upon  longer  records  than  were  accessible  for  the  detailed  data  necessary  in  making  out  the  main  portion  of 
the  table. 

c  Deduced  from  gaugings  for  the  seven  years  1872-78 . 

d  Eight  years. 

e  Deduced  from  gaugings  at  Napoleon  as  given  by  Humphreys  and  Abbot;  December  10, 1857,  to  Deccnibsr  6, 1858. 

/  From  gaugings  as  given  by  Humphreys  and  Abbot ;  December  1 ,  1857,  to  November  30,  1858. 

g  From  gaugings  as  given  by  Humphreys  and  Abbot ;  January  3  to  December  15,  1858. 

A  From  {^ugings  as  given  by  Humphreys  and  Abbot;  February  16, 1851,  to  February  18,  1852.    Drainage  area  is  exclusive  of  that  of  Red  river. 

(6)  ARRANGED  ACCORDING  TO  CALENDAR  MONTHS  OF  LEAST  DISCHARGE. 


Stream. 


Approxi- 
mate 

drainage, 
area. 


Sudbury  (c) 

"West  branch  of  Croton  (d)  ... 

Croton  (e) 

Concord(«) 

Passaic  (f) 

Merrimack  (e) 

Missouri  {g) 

Connecticut,  at  Hartford  (k). 


8q.  miles. 
78 

20 

339 

352 

900 

4,136 

528,  000 

10,  234 


m  t4  o  « 


W53  o  p. 

£  a  B  o 
F^  H  o  o 


0.170 
0.390 
0.494 
0.344 
0.S30 
0.680 
0.057 
0.649 


2d- 


0.250 
0.540 
0.839 
0.406 
0.751 
0.777 
0.065 
0.690 


3d. 


0.430 
0.760 
0.989 
0.450 
0.971 
0.936 
0.068 
0.760 


4th. 


0.600 
0.870 
1.069 
0.539 
L104 
1.113 
0.074 
0.885 


6th. 

6th. 

7th. 

8th. 

0.790 

L120 

1.420 

1.850 

L120 

1.500 

2.380 

2.540 

1.263 

1.607 

2.031 

2.269 

0.671 

0.848 

1.104 

1.342 

1.326 

1.589 

1.898 

2.208 

1.342 

1.589 

1.  8t2 

2.199 

0.078 

0.090 

0.098 

0.146 

1.152 

1.397 

1.658 

2.102 

9th. 


2.100 
3.140 
2.446 
1.695 
2.661 
2.675 
0.160 
2.435 


10th. 

11th. 

2.630 

3.  980* 

4.390 

4.680 

2.667 

3.179 

2.102 

2.649 

3.002 

3.632 

3.294 

4.088 

0.204 

0.303 

2.830 

4.427 

12th. 


5.890 
6.110 
3.  K,2 
4.291 
4.150 
5.792 
0.341 
5.270 


(0  to  ®  © 


®  o3  5  « 


r 


1.754 

1.615 

2.317 

2.317 

1.866 

1.940 

1.371 

1.371 

1.969 

1.969 

2.197 

2.197 

0.140 

0.  231 

1.973 

1.973 

a  The  average  lowest  month  is  employed  where  the  records  used  cover  more  than  one  year. 

h  In  some  eases  the  results  of  this  column  are  based  upon  longer  records  than  were  accessible  for  the  detailed  data  necessary  in  making  out  the  main  portion  of 
the  table. 

c  Deduced  from  careful  gaugings  for  the  five  years  1875-'79. 

d  From  gaugings  for  the  three  following  years :  May,  1867,  to  April,  1868;  January  to  December,  1870;  January  to  December.  1871. 

e  Deduced  from  monthly  average  flow  for  a  series  of  years,  as  given  by  Croes  and  Howell  in  report  to  Newark  aqueduct  board,  1879. 

/  Deduced  frojn  monthly  average  flow  for  a  series  of  years,  as  estimated  by  Croes  and  Howell  in  report  to  Newark  aqnednct  board,  1879. 

g  From  gaugings  for  the  year  1879. 

h  From  gaugings  for  the  eight  years,  1871-'78. 
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Flow  .as  given  in  preceding  table,  arranged  relatively  to  lowest  day  or  month. 

(a)  BY  DAYS  OE'  LEAST  DISCHAEGE. 


Stream. 

Average 
lowest 
day  (as- 
sumed as 
unity). 

30th. 

60th. 

90th. 

120th. 

150th. 

180th. 

210th. 

240th. 

270th. 

30Dth. 

330th. 

360th. 

Highest 
day. 

1.00 
LOO 
1.00 
1.00 
1.00 

1.15 
1.49 
1.29 
1.25 
1.27 

1.28 
2.16 
1.86 
1.70 
1.37 

1.41 
3.82 
2.50 
2.25 
1.47 

1.61 
14.03 
3.29 
3.10 
1.67 

1.91 
18.28 
3.64 
3.60 
2.39 

2.31 
21.68 
4.07 
3.80 
2.87 

2.85 
24.74 
4.57 
4.55 
3.59 

3.65 
27.21 
5.21 
4.99 
3.94 

4.59 
28.91 
6.64 
5.20 
4.27 

6.02 
30.61 
8.14 
5.30 
4.65 

8.76 
31.88 
9.00 
5.35 
5.29 

14.30 

34.56 

10.64 



5.63 

21.15 

36.56 

10.79 

Mississippi,  at  Vickshurg  and  Natchez  (a)... 

5.40 
5.75 

(6)  BY  MONTHS  OF  LEAST  DISCHARGE. 


Stream. 


Average 

lowest 

month 

(assumed 

as  unity). 


2d. 


3d. 


4th. 


5th. 


6th. 


7th. 


8th. 


9th. 


10th. 


11th. 


12tfc. 


Sudbury  

■West  branch  of  Croton . 

Croton '. 

Concord  

Passaic- 

Merrimack 

Missouri  (a) 

Connecticut 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


1.47 
1.38 
1.70 
1.18 
1.42 
1.14 
1.14 
1.06 


2.53 
1.95 
2.00 
1.31 
1.83 
1.38 
1.19 
1.17 


3.53 
2.23 
2.16 
1.57 
2.08 
1.64 
1.30 
1.36 


4.65 
2.87 
2.56 
1.95 
2.50 
1.97 
1.37 
1.77 


6.59 
3.85 
3.25 
2.47 
3.00 
2.34 
1.58 
2.15 


8.35 
6.10 
4.11 
3.21 
3.58 
2.75 
1.72 
2.55 


10.88 
6.51 
4.59 
3.90 
4.17 
3.22 
2.56 
3.24 


12.35 
8.05 
4.95 
4.93 
4.83 
3.93 
2.81 
3.75 


15.47 
11.26 
5.40 
6.11 
5.66 
4.84 
3..'!8 
4.36 


24.59 
12.00 
6.44 
7.70 
6.66 
6.01 
5.32 
6.82 


34.65 
15.67 
7.15 
12.47 
7.83 
8.52 
5.98 
8.12 


a  Kesults  based  upon  observations  for  a  single  year,  as  previously  noticed. 


Flow  as  given  in  table  on  preceding  page,  arranged  relatively  to  average  flow  for  a  series  of  years. 

(a)  BY  DAYS  OF  LEAST  DISCHAEGE. 


Stream. 

Average 
flow  (as- 
sumed as 
unity). 

Aver- 
age low- 
est day. 

30tb. 

60th. 

90th. 

120th. 

150th. 

180th. 

210th. 

240th. 

270th. 

300th. 

330th. 

360th. 

Highest 
day. 

1.00 
1.00 
1.00 

1.00 
1.00 

0.27 
0.04 
0.27 

0.37 
0.32 

0.31 
0.07 
0.35 

0.46 
0.41 

0.35 
0.10 
0.60 

0.63 
0.44 

0.39 
0.17 
0.67 

0.83 
0.47 

0.44 
0.62 
0.88 

1.15 
0.53 

.    0.52 
0.80 
0.98 

1.33 
0.76 

0.63 
0.95 
1.10 

1.41 
0.92 

0,78 
1.09 
1.23 

1.69 
1.15 

1.00 
1.19 
1.40' 

1.8i 
1.26 

1.26 
1.27 
1.79 

1.93 
1.36 

1.65 
1.34 
2.19 

1.97 
1.48 

^     2.40 
1.40 
2.42 

1.99 
1.69 

3.91 

1.52 
2.87 

1.80 

5.79 
1.6(V 
2.90 

2.0O 
1.8S 

Arkansas  (a) 

Mississippi,      at     Vicksburg     and 
Natchez  (a)  

Mississippi  at  Carrollton  (a)  

(b)  BY  MONTHS  OF  LEAST  DISCHAEGE. 


Stream. 


Sudbury 

West  branch  of  Croton 

Crotoi^ 

Concord 

Passaic 

Merrimack 

Missouri  (a) 

Connecticut 


Average 
flow  (as- 
sumed as 
unity). 


1.00 
1.(0 
].00 
1.00 
1.00 
1.00 
1.00 
1.00 


Aver- 

age 

lowest 

month. 


0.11 
0.17 
0.25 
0.25 
0.27 
0.31 
0.25 
0.33 


2d. 


0.16 
0.23 
0.43 
0.30 
0.38 
0.35 
0.28 
0.35 


3d. 


0.27 
0.33 
0.51 
0.33 
0.49 
0.43 
0.29 
0.39 


4th. 


0.37 
0.38 
0.55 
0.39 
0.56 
0.51 
0.32 
0.45 


5th. 


6th. 


0.49 
0!48 
0.65 
0.42 
0.67 
0.61 
0.34 
0.68 


0.69 
0.65 
0.83 
0.62 
0.81 
0.72 
0.39 
0.71 


7th. 


0.88 
1.03 
1.05 
0.81 
0.96 
0.81 
0.42 
0.84 


8th. 


1.15 
1.10 
1.17 
0.98 
1.12 
1.00 
0.63 
1.07 


9th. 


1.30 
1.36 
1.20 
1.24 
1.30 
1.22 
0.69 
1.23 


10th. 


1.63 
1.90 


11th. 


2.46 
2.02 


1.37  !      1.64 

1 
1. 53        1.  93 


1.52 
1.50 
0.88 
L43 


1.79 
1.86 
1.31 
2.24 


12th. 


3.65 
2.6* 
1.82 
3.13 
2.11 
2.64 
1.48 
2.  ST 


a  Eesults  based  upon  observations  for  a  single  year,  as  previously  noticed. 


METHOD  EMPLOYED  IN  ESTIMATING  THE  FLOW  OF  STREAMS. 


0 


lu  fixing  upon  the  rate  of  discliarge  for  low  water  of.  a  dry  year  I  have  assumed  a  certain  absolute  figure  per 
square  mile  of  drainage  area  for  each  stream,  in  the  selection  of  which  I  have  been  guided  by  the  results  of 
gaugings  made  either  upon  the  stream  considered,  or  ui)on  some  neighboring  one.  The  ratio  which  exists  between 
low  water  of  a  dry  year  and  that  of  an  average  year,  as  determined  by  measurements,  can  be  given  in  only  a  few 
cases,  as  follows : 

Ratio  between  low  water  of  dry  and  of  aoera<je  years. 


stream. 

Approxi- 
mate drain- 
age area. 

Low  water    Low  water 
of  dry  year,    of  average 
cubic  feet  i  year,  culiic 
peraicoDd    feet  per  aec- 
per  snunre  1     ond  per 
mile.  ■    :  square  mile. 

Ratio  dry 

to  average 

year. 

Remarks. 

• 

Comaeotiout,  at  Hartford  

Sq.  miles. 
10, 234 

0.500 

0.598 

0.092 
0.084 

0.177 

0.221 
0.177 
0.601 
0.055 

0.640 

0.649 

0.170 
0.390 

0.494 

0.344 
0.530 
0.680 
0.060 

0.94 

0.92 

0.54 
0.22 

0.30 

0.64 
0.33 
0.88 
0.92 

Obtained  from  records  previoiisly  refeiTed  to.  by  comparing  the  gaugings  of 
the  lowest  days  in  each  of  the  years  from  1872  to  1878.    The  extreme  range 
for  those  gaugings  was  from  about  0.51  to  0.59  cubic  foot  per  .second  per 
square  mile. 

Obtained  from  records  for  eight  years,  1871-78,  by  comparing  the  total  dis- 
chaige  of  the  calendar  month's  of  least  flow  in' each  year.    The  extreme 
range  fir  those  totals  was  from  about  O.GO  to  0.715  cubic  foot  per  serond 
per  square  mile. 

Obtained  by  comparing  the  total  diwharge  of  the  calend.ir  months  of  least 
tlow  in  each  of  the  five  years  l&75-'79.    The  exi  rt  me  range  for  those  totals 
was  from  0.0132  to  0.284  cubic  foot  per  second  pei'  square  mile. 

Obtained  by  comparing  the  total  discharge  of  the  calenflnr  months  of  lerst 
flow  in  each  of  the  three  years ;  Ma;f ,  1867,  to  April,  1868 ;  January  to  De- 
cember, 1870,  and  January  to  December,  1871.    The  extreme  range  for 
those  totals  was  from  0.084  to  0.736  cubic  foot  per  second  per  square  mile. 

Obtained  by  comparing  the  monthly  dry-peason  flow  with  the  monthly  .iver- 
age  flow  for  a  series  of  years,  as  given  by  Croes  and  Howell,  in  report  to 
Newark  aqueduct  board. 
Do 

Do 

78 
20 

339 

362 

900 

4,136 

29,000 

Croton 

Concord 

Do. 

Do. 

Obtained  by  comparing  extreme  low- water  flow  and  ordinary  low- water  flow, 
as  given  by  Major  G.  J.  Lydeoker,  corps  of  engineer^,  U.  S.  Army. 
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TOPOGEAPHY  OF  THE  SUEPAOB  AND  GENERAL  FEATUEES  OF  THE  STREAMS. 

The  section  of  country  which  will  here  be  considered  extends  from  the  Thames  basin,  on  the  oast,  westerly  to 
that  of  the  Bronx,  including  both,  and  comprises  an  area  of  about  15,500  square  miles.  It  stretches  from  250  t« 
275  miles  in  a  north-and-south  direction,  and  has  an  extreme  width  of  about  100  miles  5  it  is  confined  chiefly  to 
Connecticut,  Massachusetts,  Vermont,  and  New  Hampshire,  but  also  embraces  small  portions  of  Rhode  Island,  New 
York,  and  Canada. 

The  surface  is  nearly  everywhere  hilly,  and  is  even,  to  a  considerable  extent,  mountainous.  The  Norfolk  hills 
.  in  northwestern  Connecticut,  probably  the  most  elevated  land  in  that  state,  rise  to  elevations  of  over  1,400  feet. 
Graylock,  the  highest  point  of  Saddle  mountain,  in  Berkshire  county,  Massachusetts,  situated  slightly  beyond  the 
western  border  of  the  region  I  am  describing,  reaches  a  height  of  nearly  3,600  feet  above  tide-water.  Mount 
Holyoke,  in  the  same  state,  is  nearly  1,000  feet  high.  To  the  northward,  the  peaks  of  the  Green  mountains,  in 
Vermont,  reach  elevations  of  2,500  to  4,300  feet  above  sea-level ;  and  those  of  the  White  mountains,  in  New 
Hampshire,  4,000  to  6,000  feet  and  over.(a)  The  White  mountains  are  stated  to  cover  an  area  of  1,270  square 
miles,  and  in  appearance  are  quite  in  contrast  with  the  Green  mountains,  being  more  rugged  and  less  fertile.  The 
mountain  ranges  of  western  New  England  have  a  generally  north-and-south  direction,  and  to  the  southward, 
where  the  country  is  less  elevated,  the  same  trend  is  preserved  by  parallel  lines  of  hills.  The  rocks  which 
compose  the  mountains  and  otherwise  crop  out  over  the  general  surface  of  the  country,  are  of  the  older  formations, 
and  are'  mainly  comprised  in  granite,  gneiss,  mica-slate,  mica-schist,  and  syenite.  I'hey  are  intersected  by 
numerous  dikes  of  trap,  and  an  extensive  ridge  of  that  material  runs  in  a  northerly  direction  from  New  Haven,  on 
the  sound,  across  Connecticut  and  half-way  across  Massachusetts.  As  an  exception  to  the  general  class  of  rocks 
mentioned  above,  is  to  be  noted  a  belt  of  red  sandstone,  which  also  starts  from  the  vicinity  of  New  Haven,  strikes 
northeasterly  to  the  Connecticut  River  valley,  and  follows  its  course  up  to  the  northern  boundary  of  Massachusetts. 

Stretching  down  from  the  western  slope  of  the  Green  mountains  over  the  western  portion  of  the  region  we 
are  studying,  and  embracing  the  Taconic  range  in  Massachusetts  and  a  part  of  Connecticut,  are  outcropping 
limestone  strata,  which  furnish  valuable  supplies  of  marble.  Granite  and  gneiss  of  fine  quality  for  architectural 
purposes  are  quarried  at  various  points,  and  along  the  Housatonic  valley  are  extensive  deposits  of  hematite  iron 
ore,  which  are  worked,  however,  only  to  a  small  extent. 

Along  the  course  of  the  Connecticut,  and  in  a  much  less  degree  along  most  of  the  other  streams,  are  alluvial 
deposits,  but  the  great  and  aboundiug  surface  material  is  almost  everywhere  dnfr.  It  covers  the  entire  region  from 
east  to  west  and  from  north  to  south,  its  southern  boundary  running  lengthwise  of  Long  Island.  Its  constituents 
are  here,  as  elsewhere,  sand,  clay,  gravel,  and  bowlders.  In  the  Report  on  the  Geology  of  Ferjno^^  various  bowlders  are 
described  weighing  from  500  up  to  3,500  tons  each.  Rocks  and  stones  lie  irregularly  scattered  over  and  beneath 
the  surface,  and  many  hill-sides  are  so  thickly  covered  with  them  as  to  present  a  very  barren  and  forbidding 
appearance.  The  drift  covers  even  the  higher  portions  of  the  Green  mountains.  As  to  the  thickness  which  the 
deposit  attains  in  some  parts  of  New  England,  Dr.  Hitchcock,  in  his  Eeport  on  the  Geology  of  Massachusetts,  remarks 
that  in  that  state  it  has  been  found  at  Palmer  to  the  depth  of  70  to  80  feet  without  reaching  rock,  and  that  in  Plymoiith 
and  Barnstable,  hills  of  it  exist  300  feel  in  height.  In  other  parts  of  the  state  he  estimates  the  maximum  thickness 
at  100  feet. 

The  soil  varies  greatly  in  i'ertilityj  the  alluvial  meadows  along  the  Connecticut,  Farmiugton,  Lower  Deerfield, 
and  other  rivers,  are  veiy  productive,  while  the  more  elevated  country  is  often  stony  and  poor;  and  yet  the 
conditions  are,  in  other  cases,  not  infrequently  reversed,  the  hill-tops  being  rich  farming  land  and  the  neighboring 
valleys  of  the  smaller  streams  almost  worthless.    The  country  may  be  said,  as  a  whole,  to  be  well  wooded ;  the 


a  Mount  Washington  has  an  altitude  of  6,293  feet. 
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timber  is  largely  of  a  young  growth,  and  iu  southern  New  England  is  mostly  found  upon  the  hills,  which,  owing  in 
many  cases  to  their  height  and  steepness,  or  the  poorness  of  their  soil,  are  reserved  for  woodland,  the  lower  ground 
being  devoted  to  agriculture.  The  leading  varieties  of  timber  are  hemlock,  fir,  spruce,  pine,  oak,  beech,  sugar- 
maple,  hickory,  elm,  butternut,  basswood,  birch,  cedar,  ash,  and  poplar.  What  forests  remain  are  in  the  north, 
and  it  is  there  that  the  principal  cutting  of  timber  now  goes  on.  The  destruction  there  is  just  as  thorough  and 
apparently  indiscriminate  as  it  is  stated  to  be  in  other  portions  of  the  United  States,  and  the  section  along  the 
upper  course  of  the  Connecticut  river  appears  more  bare  than  much  that  it  drains  toward  its  mouth. 

Lakes  constitute  a  noticeable  and  important  surface  feature.  Tliey  are  well  distributed,  being  found  quite 
generally  throughout  the  region  I  am  describing.  In  the  Ycrniont  geological  report  already  referred  to,  Mr.  Albert 
D.  Hager  gives  a  list  of  67  lakes  and  ponds  in  that  state  varying  from  half  a  mile  to  8  miles  in  length,  and  from 
half  a  mile  to  2^  miles  in  width.  In  Appendix  B  of  the  report  for  1873  of  the  Massachusetts  State  Board  of 
Health  a  list  prepared  by  Mr.  H.  F.  Walling  is  given  of  all  the  lakes,  ponds,  and  reservoirs  in  that  state 
containing  more  than  10  acres.  The  total  number  of  these  is  1,206,  with  an  aggregate  area  of  about  93,000  acres, 
or,  say,  145  square  miles.    Their  distribution  is  as  follows,  by  counties  and  according  to  size: 


Numher  and  size  of  lakes,  ponds,  and  reservoirs  in  Massachusetts. 


Size. 

Number. 

976 
135    i 

20 
6    ' 

5  ; 

4 

Size. 

Number. 

10  to  100  Horos 

100  to  200  acres 

200  to  300  acres 

700  to  800  acres  

1     1 

1  000  to  2  000  acres           .   -■ 

5     1 

Over  2,000  acres  (2,007  and 
2,220)  

I 

400  to  500  acres 

2 

600  to  600  acres 

1,206 

600  to  700  acres 

Distribution. 


County. 


Berkshire  . 
Franklin  .. 
Hampshire 
Hampden.. 
Worcester  . 
Middlesex  . 

Essex 

Norfolk  ... 


Area  of 
lakes, 
ponds, 
and  res- 
ervoirs. 


Acres. 
0,226 
2,184 
2,282 
4,148 

25,  007 
8,743 
4,570 
4,360 


County. 


Area  of 
I    lakes, 

ponds, 
\  and  res- 
i  crvoirs. 


Acres. 

Bristol 7,961 

Plymouth i    17, 623 

Barnstable j      9,*721. 

Dukes j  90 

Nantucket 33 

I 

Totalarea !    92,938 


As  to  the  origin  of  the  Vermont  lakes,  Mr.  Hager  says: 

The  position  and  extent  of  lakes,  as  well  as  n'ountains,  are  dependent,  in  a  great  measure,  upon  the  geological  character  of  the 
country  in  which  they  lie.  Their  origin  is  the  result  of  three  distinct  causes,  and  hence  lakes  and  ponds  may  properly  be  divided  into 
three  classes :  First,  those  where  the  heds  were  formed  at  very  remote  periods,  when  the  upheaval  of  the  rock  took  place,  and  left  deeply 
indented  fissures;  secondly,  those  that  occupy  deep,  eroded  valleys;  and  thirdly,  those  of  more  recent  date,  and  not  dependent  upon  a 
rock  formation  for  their  base  or  sides,  but  upon  a  deposit  of  clay  or  some  other  substance  impervious  to  water,  reposing  upon  a  gravelly 
or  hard-pan  base.  A  limited  examination  has  been  made  of  the  lakes  and  ponds,  to  determine  the  nature  of  their  origin ;  and  our 
conclusions  are  that  much  the  larger  proportion  of  lakes  and  ponds  belong  to  the  second  class,  and  occupy  eroded  basins.  The  third 
class  of  ponds  in  Vermont  is  not  of  the  antiquity  of  the  tirst  two  classes,  and  such  ponds  are  not  dependent  upon  rock  formations 
for  their  base  and  sides.  They  date  back  to  tbe  period  of  the  drift  for  their  origin,  being  found  iu  drift  formations,  and  doubtless  rest 
upon  a  basin-shaped  cavity  lined  with  clay  or  some  substance  impervious  to  water.  They  are  usually  fed  by  deep-seated  springs,  and 
rarely  have  large  visible  outlets  or  inlets. 

The  following  table  will  convey  a  general  idea  of  the  temperature  and  rainfall,  during  the  different  seasaus  of 
the  year,  over  the  region  tributary  to  Long  Island  sound.  It  is  necessarily  faulty  in  one  important  respect,  in  that 
it  is  almost  entirely  confined  to  low  altitudes,  there  being  very  few  stations  of  more  than  1,000  feet  elevation  where 
long-continued  climatic  observations  have  been  made.  It  is  a  well-kaowu  fact  that  rainfall  increases  with  altitude, 
a  striking  example  of  which  is  seen  in  the  record  for  Mt.  Washington ;  and  it  would  be  of  much  assistance  in 
gaining  a  correct  knowledge  of  the  proportional  discharge  of  such  a  stream  as  the  Connecticut,  if  accurate 
information  were  available  concerning  the  downfall  on  the  more  elevated  portions  of  its  basin. 
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Table  of '  temperature  and  rainfall  at  points  in  southern  and  western  New  England. 

[From  Smithsonian  records.] 


Elevation 
above  sea. 

TEMFERATUKE. 

RAINFALL. 

Locality. 

Tears 

of 
observ- 
ation. 

1 
1 

Spring.    Summer. 

Autumn. 

"Winter.        Tear. 

i 

Years 

of 
observ- 
ation. 

1 

Spring.    Summer.    Autumn. 

1 

!                  i 

Winter. 

Tear. 

New  Haven,  Connecticut 

Feet. 
45 
60 
267 
530 
1,000 
700 
6,293 

86 
16 
17 
20 
13 
6 

o          1          o 
46.76           69.63 
47.  89           69.  75 
44.17           67.58 
40.87           65.15 
37.71           62.95 
39.60           66.55 

o 
51.28 
51.70 
47.99 
44.70 
42.  68  " 
45.28 

0 

28.32 
29.89 
24.15 
19.17 
15.50 
•      19. 02 

o 
49.00 
40.81 
45.97 
42.49 
39.71 
42.61 

27 
7 
39 
19 
16 
8 
4 

Inches. 

11.24 

11.08 

10.62 

9.91 

9.91 

8.40 

13.90 

Inches. 
12.11 
9.98 
12.45 
11.00 
11.  !8 
10.66 
23.66 

Inches. 
11.19 
11.92 
11.16 
10.58 
11.15 
11.29 
19.80 

Inches. 
10.90 

'  10.81 
9.73 
9.08 
8.48 
8.10 
9.70 

Inches. 
ii.U 
43.79 
43.96 
40.66 
40.72 
38.51 
67.12 

Amlierst,  Massac'liusetts 

Hanovei-,  New  Hampshire 

Stratford,  New  Hampshire 

Monnt  "Washington,  New  Hamp- 
.shire. 

Note.— In  Blodget's  Climatology  it  is  stated  that  "  the  quantity  of  snow  is  al-vrays  large  in  the  New  England  states,  the  ele-^ated  and 
northern  districts  having  an  average  of  perhaps  2  feet  constantly  remaining  on  the  ground  in  -winter".  The  following  are  records  of 
snowfall  at  particular  points: 

Inches. 

Dover,  New  Hampshire,  average  of  ten  years 68. 6 

Burlington,  "Vermont,  average  of  ten  years y5, 0 

"Worcester,  Massachusetts,  average  of  twelve  years 55. 0 

Amherst,  Massachusetts,  average  of  seven  years 54.  0 

H.Trtford,  Connecticut,  average  of  twenty- four  years 43  0 

According  to  J.  H.  Huntiugtou,  in  an  article  on  "Climatology",  in  the  Geology  of  New  Hampshire,  observations  on  snowfall  at 
Lunenburg,  Vermont,  have  shown  the  average  annual  amount  there  to  be  83.1  inches,  ranging  in  twenty -five  years  from  41  to  167.5  inches. 
It  is  hardly  necessary  to  say  that  the  water-power  of  the  section  that  has  been  described  is  of  great  magnitude 
and  value,  but  it  may  be  of  interest  to  notice  the  causes  which  contribute  to  those  conditions.  In  the  first  place, 
the  streams  liave  a  rapid  fall  and  large  volume.  There  are  very  few  which  can  be  called  sluggish,  and  even  the 
Connecticut,  which  approaches  most  nearly  to  that  character  (the  Thames  is  hardly  more  than  an  estuary),  is 
interrupted  at  intervals  by  heavy  rapids  and  falls.  The  elevated  character  of  the  country  is  so  sustained  toward 
the  south  that  not  onlj-  are  there  many  minor  tributaries  there  which  have  large  descent,  but  the  main  streams, 
also,  bave  coilsiderablo  fall  within  a  short  distance  from  tide-water,  and  at  points,  therefore,  \^here  their  accumulated 
volume  is  the  greatest.  Oxoboxo  brook,  a  small  stream  entering  the  Thames  about  midway  between  Korwich  and 
the  mouth,  falls  not  less  than  350  feet  in  6  miles,  and,  being  supplied  by  a  reservoir,  furnishes  power  to  a  dozen  or 
more  factories  in  that  distance.  Within  a  radius  of  about  15  miles  from  Norwich  there  is  a  fall  of  ovei'  140  feet  in 
the  Shetucket  river,  and  over  100  feet  in  the  Quinebaug,  utilized  inpart  on  the  former  by  cotton,  woolen,  and 
other  factories.  On  the  Housatonic  a  fall  of  22  feet  is  utilized  at  Birmingham,  at  the  head  of  tide-water,  and  only 
11  miles  by  navigable  river  from  the  sound. 

The  descent  of  the  New  England  streams  is  not  very  uniform.  Among  the  more  mountainous  sections  in  the 
north  there  are  numerous  abrupt  pitches,  and  these  are  also  interspersed  more  or  less  over  nearly  all  the  streams, 
even  f  o  southern  Connecticut.  But  in  the  more  open  and  moderately  hilly  districts  the  drift  gravels  have  to  a  large 
extent  tilled  up  the  beds  of  the  streams,  over  which  the  latter  run  in  rapids  and  rifts,  interrupted  only  now  and  then 
by  falls  over  projecting  ledges.  In  northwestern  Connecticut  the  Housatonic  falls  over  100  feet  in  probably  less  than 
half  a  mile,  and  descends  more  than  half  this  distance  in  a  single  plunge  ;  and  again,  farther  south  on  the  same 
river,  at  Bull's  bridge  and  New  Milford,  are  other  falls  of  less  magnitude.  At  Norwich,  in  the  southeast,  the  falls 
of  the  Tautic  are  of  great  beauty. 

The  rocks  which  give  lise  to  the  falls  are  of  the  harder  varieties— granite,  gneiss,  and  mica-schist— and  by 
their  unyielding  character  not  only  insure  the  permanency  of  the  falls,  but  afford  secure  foundations  for  dams  and 
other  hydraulic  works.  It  is  not  at  all  uncommon  to  meet  with  dams  in  this  region  fifty  years  old,  and  fhave  come 
across  some  that  have  stood  securely  for  certainly  a  hundred  years.  This  same  hardness  of  the  locks  has  also 
prevented  the  cutting  of  the  deep  and  inaccessible  canons  which  distinguish  many  of  the  streams  in  the  softer 
formations  of  the  Eocky  mountains. 

The  volume  of  the  streams  is  also  large  in  proportion  to  the  extent  of  country  draired.  The  prevailing  steep 
slopes,  the  rather  shallow  soil  in  many  localities,  the  imperviousness  of  the  underlying  rock,  and  the  temperate 
climate,  combine  to  favor  a  large  proportional  discbarge.  The  average  annual  rainfall  for  the  entire  district  is 
probably  not  far  from  45  inches. 

As  to  the  uniformity  of  flow  of  the  streams,  some  idea  may  perhaps  bo  gained  from  what  has  been  said  in  a 
prm'ious  artkjle  on  the  modes  of  estimate  employed.  The  term  "  uniformity"  can  be  used  in  this  connection  only  in 
a  relative  sense,  for  there  is  no  stream  of  much  size  which  is  strictly  uniform  in  discharge.  There  are  occasional 
streams  so  controlled  by  lakes  or  reservoirs  as  to  be  equally  free  from  considerable  freshets  and  from  periods  of  very 
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low  flow,  and  whicli  have,  therefore,  au  approximation  to  real  uniformity ;  but  most  are  subject  to  large  fluctuations 
between  high  and  low  water.  For  practical  purposes,  however,  we  may  apeak  of  a  stream  as  uniform  which  is,  on 
the  whole,  well  sustained  in  the  dry  season, -and  which  is  not  visited  by  very  sudden  or  great  changes  in  volume. 
The  New  England  rivers  have  a  tolerably  good  character  in  these  respects.  The  hard  underlying  rock,  not 
commonly  far  below  the  level  of  the  stream  beds,  and  forming  the  valley  sides,  sheds  water  fi'eely  toward  them; 
while  the  gravels,  sands,  and  clays  of  the  drift  favor  the  reception  of  rain  from  the  surface  and  its  delivery  through 
springs.  The  wooded  nature  of  the  country  also  favors  the  easy  percolation  of  water  below  the  surface  of  the 
ground,  shades  from  undue  evaporation,  and  conserves  the  winter  snows;  and  perhaps  above  all  other  causes  should 
be  mentioned  the  numerous  lakes  and  swamps. 

Dr.  Hitchcock,  in  his  geological  report  published  in  1841,  roughly  estimated  that  the  state  of  Massachusetts 
contained  125  square  miles  of  peat  swamps  alone ;  the  area  of  swampy  land  not  containing  peat  would  greatly 
increase  this  figure,  but  I  have  no  data  as  to  its  real  extent.  Percival,  in  a  Report  on  the  Geology  of  the  State  of 
Connecticut,  made  in  1841,  mentioned  that  "swamps  abounding  more  or  less  in  peat  are  found  in  every  town  in  the 
state".  The  influence  both  of  lakes  and  of  swamps  is  very  marked  on  streams,  and  perhaps  in  favor  of  the  latter  of 
the  two.  Their  great  advantage  lies  in  their  storing  and  holding  back  the  rains  which  would  otherwise  be  too  quickly 
carried  oft'  by  the  water-courses.  While  lakes  accomplish  this  result  in  a  very  important  degree,  swamps  seem 
even  more  efi'ective,  owing  to  the  obstacles  which  they  oppose  to  any  but  a  gradual  drainage,  in  their  shallow  depth 
and  their  usual  rank  growth  of  grasses  and  brush. 

The  benefit  accruing  to  a  stream  which  has  these  natural  regulators  is  illustrated  in  the  case  of  the  Quabong 
river,  a  tributary  of  the  Chicopee,  in  Massachusetts.  Surrounding  its  upper  course  are  extensive  marshes,  which 
give  it  a  very  steady  flow,  the  rise  on  the  West  Warren  dams  not  exceeding  18  inches,  in  an  ordinary  spring  freshet, 
on  an  overflow  of  about  110  feet,  and  this  from  a  drainage  area  of  142  square  miles. 

The  value  of  even  the  ordinary  storage  provided  along  the  course  of  a  stream  by  the  mill-dams  was  well  shown 
in  the  great  flood  which  swept  down  the  course  of  the  Westfield  river,  in  Massachusetts,  December  10, 1878.  In  a 
report  upon  methods  for  future  protection  of  the  town  of  Westfield,  which  suffered  severely  at  that  time,  Mr.  Hiram 
F.  Mills,  civil  engineer,  remarked  as  follows: 

From  data  supplied  by  your  sub-committee  on  surveys,  I  conclude  that  the  greatest  quantity  of  water  passing  Salmon  Falls  dam 
was  53,000  cubic  feet  per  second,  from  a  drainage  area  of  3j0  square  miles  ;  and  at  the  same  time  there  were  entering  the  area  between 
Salmon  Falls  and  Westfield  dam  about  1,000  cubic  feet  per  second,  from  au  area  of  14  square  miles.  A  part  of  this  54,000  cubic  feet  per 
second  was  expended  in  filling  the  great  reservoir,  containing  probably  as  much  as  100,000,000  cubic  feet  of  water,  between  these  two 
dams,  and  a  part  in  flowing  over  the  Westfield  dam.  Every  reservoir  that  the  water  fills  in  its  course  serves  as  a  regulator,  which  prolongs 
the  time  of  flowing  past  any  dam  down  the  stream,  but  tends  to  decrease  the  amount  passing  at  any  moment.  This  is  illustrated  by  the 
greatest  quantity  per  second  which  is  shown  by  the  data  of  your  survey  to  have  passed  the  Salmon  Falls  dam  and  the  Agawam  {a)  dam ; 
the  former  quantity  being  53,000  cubic  feet  per  second,  and  the  latter,  although  increased  by  the  drainage  from  40  per  cent,  more  area, 
was  but  46,000  cubic  feet  per  second.  This  decrease  in  quantity,  at  the  time  of  highest  water,  at  the  lower  dam  was  due  to  a  part  of  the 
water  from  above  being  used  in  filling  the  enormous  reservoirs  between  the  two  dams,  which  drained  off  gradually  after  the  flood  had 
passed  the  upper  dam. 

While,  as  has  been  said^  the  effect  of  lakes  and  swamps  is  so  helpful  in  lessening  freshets  and  maintaining  a 
good  volume  during  droughts,  their  usefulness  in  these  respects  is  much  increased  by  artificially  enlarging  their 
storage  and  controlling  them ;  in  other  words,  by  making  true  storage  reservoirs  of  them,  and  instead  of  permitting 
their  contents  to  run  off  at  all  seasons,  as  in  the  natural  state,  saving  them  in  winter  and  spring  for  use  during  the 
dry  months  of  summer  and  autumn.  And  in  this  improvement  of  the  New  England  streams  by  storage  reservoirs 
seems  to  me  to  lie  their  most  noteworthy  and  interesting  feature. 

It  is  very  dififlcult  to  obtain  reliable  data  as  to  either  the  area  or  cost  of  these  improvements,  except  in  occasional 
instances.  Many  of  them  were  undertaken  years  ago,  and  neither  then  nor  more  recently  does  much  attention  seem 
to  have  been  paid  to  an  accurate  record  of  facts  concerning  them.  It  is  certainly  true,  however,  that  in  many  cases 
they  have  been  been  built  at  a  merely  nominal  expense.  Natural  ponds  of  several  hundred,  or  even  a  thousand 
acres  and  over,  have  been  raised  a  number  of  feet  by  means  of  a  short  and  inexpensive  embankment,  probably  not 
costing  more  than  a  few  thousand  dollars  at  the  most.  It  is  in  this  manner,  by  raising  the  level  of  some  natural 
pond  or  Jakof  that  most  of  the  storage  reservoirs  seem  to  have  been  created.  They  are  usually  so  located  among 
hills  that  it  is  possible  to  raise  their  surfaces  considerably  without  their  flowage  spreading  out  unreasonably  far ; 
and  these  hills  often  close  in  at  the  outlets,  so  that  only  a  short  dam  is  needed  to  connect  them  and  control  the  pond. 
This  sort  of  topography  is,  Indeed,  common  through  all  that  portion  of  New  England  which  I  have  visited.  The 
courses  of  the  streams  are  flanked  by  hills,  which  successively  approach  and  recede  from  them,  forming  what  are 
termed  "  intervales  "  of  meadow  or  gently-sloping  land. 

The  class  of  reservoirs  which  I  have  just  described  is  largely  of  natural  formation.  A  second  class  is 
almost  entirely  artificial,  and  is  formed  by  throwing  an.  embankment  across  the  course  of  some  small  stream  in 
its  upper  waters,  at  the  foot  of  an  intervale  of  swampy  land.  An  unusual  number  of  such  opportunities  have 
existed  and  been  availed  of  in  eastern  Connecticut  and  the  adjoining  portion  of  Ehode  Island.  Such  reservoir^ 
are  easily  and  cheaply  constructed,  the  land  for  flowage  having  but  little  agricultural  value,  in  consequence  of 

a  Agawam  is  about  8  miles  by  river  below  Westfield,  and  the  latter  6  to  7  miles  below  Salmon  Falls. 
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which  the  laud  damages  are  small.  It  has  been  stated  to  me  by  a  manufacturer  who  had  investigated  the  subject, 
that  on  the  upper  course  of  the  Moosup  river,  in  western  Rhode  Island,  3,000  acres  ©f  reservoir  room  could  be  added  to 
the  stream  by  flowing  almost  worthless  swamp  land,  at  an  expense  of  only  $4,000  total  for  flowage  and  improvemeats, 
and  others  agree  that  the  opportunities  there  for  large  storage  are  very  favorable.  The  reservoirs  of  this  class 
have  the  advantage  over  those  first  mentioned,  that  in  proportion  to  their  cubic  contents  their  storage  is  generally 
more  accessible,  because  of  their  being  comparatively  shallow ;  though  it  is  true,  on  the  other  hand,  that  they  suffer 
greater  loss  by  evaporation,  and  receive  less  water  from  deep-seated  springs.  Many  of  the  natural  ponds  are  so 
deep  that  a  large  share  of  the  water  they  contain  cannot  be  drawn  out  at  all.  This  makes  no  difference,  to  be 
sure,  in  the  available  amount  of  water  for  power,  provided  the  topography  is  such  that  the  proportion  of  annual 
rainfall  received  can  be  stored  above  the  level  which  is  accessible,  but  that  cannot  always  be  done. 

A  third  class  of  reservoirs,  and  the  least  numerous  of  all,  is  constructed  by  building  a  high  embankment  of 
dam  across  a  narrow  gorge.  The  area  available  for  flowage  in  this  case  being  small,  an  adequate  storage  has  to 
be  provided  for  by  increase  of  depth,  and  hence  by  high  dams.  The  reservoirs  thus  built  are  probably  the  most 
expensive  in  construction,  and  certainly  the  most  dangerous  to  maintain,  of  any  that  have  been  described.  There 
should  be  little  difficulty  in  properly  building  and  maintaining  an  embankment  .5  or  10  feet  high,  but  it  is  quite 
another  thing  to  obtain  equal  security  with  an  embankment  30  or  40  feet  high. 

The  construction  and  maintenance  of  storage  reservoirs  are  often  carried  out  by  indi\idual  mill-owners  on  a 
stream,  but  perhaps  as  commonly  by  associations  of  the  various  parties  to  be  benefited.  The  expenses  of  construction 
and  repairs  are  assessed  upon  the  members,  either  in  proportion  to  the  fall  owned,  or  uj)ou  some  other' basis.  The 
system  seems  generally  to  work  well,  but  cases  are  not  uncommon  in  which  members  in  some  manner  evade  their 
assessments,  or  in  which  parties  refuse  to  contribute  at  all,  and  so  enjoy  the  benefits  of  the  improvements  but 
escape  the  burdens. 

The  change  which  may  be  brought, about  in  the  flow  of  a  stream  by  properly  developing  the  storage  Capacity 
of  its  basin  is  strikingly  seen  in  the  instance  of  the  Pachaug  river,  a  tributary  of  the  Quinebaug,  in  southeastern 
Connecticut,  draining  about  60  square  miles.  Twenty  years  ago  the  Ashland  cotton-mill,  located  near  the  mouth, 
contained  seventy  looms,  but  could  only  run  a  portion  of  the  year,  and  had  much  trouble  from  lack  of  water. 
The  stream  was  afterward  finely  reservoired,  however,  and  now  the  Ashland  mill  carries  five  hundred  looms,  and 
has  not  been  stopped  more  than  a  day  and  a  half  by  low  water  since  1865. 

Notwithstanding  that  the  New  England  streams  are  fairly  well  sustained  in  the  dry  season,  there  are  certain 
conditions  which  act  unfavorably  upon  them.  The  rainfall  in  summer  is  perhaps  slightly  greater  than  during  the 
other  seasons,  yet  it  is  not  sufficiently  so  to  counteract  the  heavy  evaporation  of  that  period,  and  so,  for  the 
machinery  employed,  there  is  generally  a  deficiency  of  water  in  the  streams  for  two  or  three  months  in  the  year, 
and  an  excess  for  eight  or  nine  months.  The  draining  of  swamps  and  the  cutting  of  timber  also  act  to  materially 
injure  the  uniformity  of  flow.  As  was  remarked  to  me  by  a  Massachusetts  mill-owner,  the  farmers  and  manufacturers 
are  directly  opposed  as  regards  the  draining  of  swamp-land.  The  former  wish  to  reclaim  as  much  surface  as 
possible  for  cultivation,  and  it  is  said  that  a  Massachusetts  agricultural  society  encourages  such  improvements  by 
premiums.  On  the  other  hand,  manufacturers  appreciate  the  value  of  swamps  in  maintaining  the  low-water  flow  of 
their  mill-streams,  and  desire  them  to  remain. 

Some  of  the  effects  on  the  streams  of  the  wholesale  destruction  of  timber  are  perfectly  well  known.  It  is 
certain  enough  that  they  are  subject  to  more  sudden  fluctuations  and  are  less  sustained  in  droughts  than  before  the 
country  was  cleared.  These  results  are  matters  of  common  observation  among  men  whose  memories  reach  back 
over  fifty,  forty,  or  even  twenty  years ;  it  is  a  universal  complaint  in  New  England  that  the  mill-streams  are  less 
reliable,  excepting,  of  course,  where  artificially  reservoired,  than  they  were  that  length  of  time  ago,  and  this  is  due 
both  to  the  clearing  of  land  and  to  the  drainage  of  swamps.  The  principal  freshets  in  the  region  under  discussion 
are  caused  by  the  melting  of  snow  in  the  spring,  and  while  the  effect  of  forests  is,  by  shading  the  ground,  to 
prevent  this  going  on  too  rapidly,  so,  on  the  other  hand,  their  destruction  lays  the  surface  open  to  the  direct  action 
of  the  sun,  and  gives  good  opportunity  for  a  quick  wasting  away  of  the  snow.  The  record  of  the  heights  of 
freshets  in  the  Connecticut  river  for  thirty-five  years  back  shows  that  in  this  stream,  whether  we  have  regard 
to  the  highest  freshets  of  the  year  or  to  the  highest  occurring  during  the  first  five  months,  which  latter  may  be 
supposed  to  have  a  connection  with  the  melting  of  snow,  there  has  been  a  considerable  increase  in  the  average 
heights  reached. 

Table  showing  average  heights  of  freshets  in  the  Connecticut  river,  (a) 


HIGHEST  OP   THE  YEAR. 

HIGHEST  OP  FIRST  FIVE  MONTHS. 

Period. 

Average 
height. 

Period. 

Average 
height. 

- 

Feet. 
18.  5i 
20.52 

1845  to  1848 

Feet. 
18.56 
19.36 
21.18 
21.06 

1850  to  1fi59 

1850  to  1859    

I860  to  1869          

31.18 
21.71 

1860  to  1869 

1870  to  1879 
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While  it  seems  evident  that  from  some  cause,  which  may  reasouably  be  assumed  to  be  the  cleariug  up  of  the 
couutry,  the  tendency  is  to  a  gradual  increase  in  the  average  height  of  freshets,  it  is  not  so  certain  that  the 
extremes  of  fluctuation  are  any  greater  now,  as  maintained  by  some,  than  formerly ;  indeed,  concerning  the 
Connecticut,  the  reverse  appears  true.  General  Theodore  G.  Ellis,  iu  an  elaborate  report  upon  this  river,  («)  speaks 
thus  of  its  freshets: 

The  Connecticut  river  is  subject  to  freshets  of  cousiderablc  height,  which  occur  principally  in  Ihf  spring,  when  the  volume  is  swollen- 
by  the  melting  snow,  althongh  occasional  floods  have  occurrcil  in  every  month  of  tin-  year  cxccjjt  July  and  September.  The  highest 
freshets  generally  take  place  in  the  spring.  There  was  one  remarkable  exception,  however,  in  August,  IHiSe,  when  the  water  at  Hartfoi'd 
rose  to  a  height  of  23  feet  4  inches  above  low-water  mark.  This  was  caused  by  unusually  heavy  rains  which  occurred  at  that  time.  The 
freshet  of  May,  1S54,  is  the  highest  known  below  Holyoke.  This  was  29  feet  and  10  inches  above  the  low-water  mark  of  the  Hartford 
gauge.  The  freshet  of  April,  1862,  was  the  highest  known  on  Holyoke  dam,  .and  was  probably  the  highest  in  the  river  above  that  point. 
Previous  to  these  two  freshets  the  flood  of  1801  was  the  highest  on  record,  and  formed  the  basis  of  most  of  the  points  of  reference  along 
the  river  previous  to  lir54. 

The  lowest  water  known  was  that  of  August,  1858. 

The  fact  is,  I  think,  that  remarkable  freshets,  as  well  as  periods  of  extremely  low  water,  are  to  such  an  extent 
the  result  of  accidental  combinations  of  favoring  conditions — such  as  sudden  rains  upon  a  frozen  surface,  rapid 
thawing  of  a  heavy  body  of  snow ;  or,  on  the  other  hand,  an  uncommonly  prolonged  drought,  or  a  drought  following 
a  season  of  small  rainfall — that  it  is  not  fair  to  assume  them  as  necessarily  caused  by  the  clearing  away  of  the 
forests. 

Iu  speaking  of  the  effect  of  melting  snow  upon  such  a  stream  as  the  Connecticut,  for  instance,  an  important 
circumstance  to  be  noted  is  its  jiosition  in  a  nortli-and-south  liae.  In  this  direction  it  extends  some  275  miles, 
covering  quite  a  range  of  climate.  The  average  temperature  of  March  at  Hartford  is  not  gained  at  Stratford,  New 
Hampshire,  till  April,  nor  that  of  April  at  Hartford  till  May  iu  Stratford.  The  chances  are,  therefore,  that  the 
melting  of  snow  will  extend  rather  gradually  up  the  valley  and  its  effect  upon  the  stream  be  prolonged,  whereas 
if  the  river  laj'  in  an  east-and-west  direction,  having  but  little  range  in  climate,  a  much  more  sudden  and  perhaps 
disastrous  freshet  rise  might  be  anticipated. 

Low  water  is  the  principal  disadvantage  encountered  in  this  section  in  the  use  of  water-power.  Freshets  do 
not  often  endanger  prwperlyconstructed  works,  and  the  rapid  slopes  of  the  streams  carry  off  the  floods  so  quickly 
that  an  absolute  stoppage  of  operations  is  seldom  necessary,  and  serious  trouble  froui  backwater  lasts  but  a  few 
days  at  the  most.  Quite  thick  ice  forms  in  the  winter-time  on  the  rivers,  and  during  the  spring  break-up  gorges 
occur  at  some  points,  but,  in  general,  the  action  of  floating  ice  is  not  destructive,  and  largelj'  because  of  the  extensive 
improveujents  iu  the  way  of  dams  and  reservoirs,  which  always  ameliorate  the  natural  condition  of  a  stream.  In 
the  ponds  formed  by  the  dams  the  ice  is  usually  held  back  until  so  rotten  that  when  brokeu  it  can  do  little  harm, 
and  in  going  over  succes.sive  dams  it  is  soon  shattered  into  fine  fragments. 

A  .somewhat  troublesome  feature  during  the  winter  season  is  the  presence  in  the  streams  of  what  is  called  iu 
New  England  "anchor-ice";  farther  west,  "slush-ice",  and  which  abroad  is  variously  known  as  "ground-ice", 
"  bottom-ice",  and  "  loppered-ice".  We  are  most  familiar  with  ice  as  formed  upon  the  surface  ©f  water,  but  anchor-ice 
collects  on  the  beds  of  streams,  from  which,  in  rising,  it  often  tears  up  small  stones  or  masses  of  gravel.  It  is 
«rystalline  iu  structure,  and  in  the  water  resembles  a  kind  of  fungus  or  vegetable  growth  ;  at  times  a  stream  will 
be  seen  full  of  little  masses  of  anchor-ice  floating  along  near  or  at  the  surface.  Its  consistency  is  often  very  slight, 
so  that  if  an  attempt  is  made  to  grasp  it  in  the  hand  it  readily  melts  and  disappears.  It  forms  on  the  head-gates  of 
oanals,  on  the  racks  at  the  entrances  to  flumes,  and  if  allowed  to  pass  into  a  wheel-pit  is  liable  to  stop  the  wheel. 
Although  the  latter  experience  is  an  extreme  one  and  not  commonly  met,  a  large  amount  of  labor  in  the  aggregate 
has  to  be  performed  on  the  streams  in  the  northern  part  of  the  United  States  in  keeping  clear  the  racks  and 
head-gates. 

Anchor-ice  is  confined  mainly  to  swift-running  streams  having  gravelly  or  stony  beds,  and  all  mill-owners  agree 
that  it  ceases  to  hinder  them  as  soon  as  the  rivers  become  frozen  over  on  the  surface.  Streams  fed  largely  from 
ponds  and  lakes  near  at  hand,  the  waters  of  which  are  warmer  than  those  running  in  the  usual  channels,  are  free 
from  this  form  of  ice.  In  my  visits  to  the  various  streams  I  made  many  inquiries  of  manufacturers  concerning 
anchor  ice,  but  though  all  were  familiar  with  its  occurrence,  few  had  observed  with  much  closeness  the  circumstances 
attending  its  formation.  At  Windsor  Locks,  on  the  Connecticut  river,  much  trouble  is  encountered  from  anchor-ice. 
owing  to  its  collecting  upon  the  head-gates  of  the  canal,  and  the  consequent  clogging,  but  it  is  said  to  be  noticed 
only  when  there  is  a  vei'y  cold  wind  blowing.  For  18  miles  above  the  dam  the  river  is  sluggish  and  free  from 
rapids,  but  is  then  interru])ted  by  the  heavy  falls  at  Holyoke.  Near  Clean,  New  York,  on  the  Allegheny  river,  a 
prominent  mill-owner,  long  familiar  with  the  stream,  stated  to  me  that  anchor-ice,  or,  as  he  called  it,  "slush-ice", 
was  of  common  occurrence  there;  that  when  previously  running  upon  the  surface  of  the  river,  the  coming  up  of  a 
south  wind  would  cause  it  to  settle  and  to  begin  clogging  the  water-wheels,  and  that  it  was  generally  considered 
on  that  part  of  the  river  that  the  settling  of  the  ice  betokened  a  coming  thaw. 

a  Appendix  B  14,  Report  Chief  of  Engineers  for  1878. 
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lu  an  article  by  Colonel  Jackson,  on  the  "Congelation  of  the  Neva  at  St.  Petersburg",  (a)  he  states  having 
observed  ground-ice  in  that  river  where  the  latter  had  a  depth  of  35  feet  and  was  covered  with  a  coating  of 
surface-ice  3  feet  thick,  the  ground-ice  appeared  not  only  upon  the  bottom  of  the  river,  but  also  beneath  the 
surface  coating,-  and  was  made  up  of  little  flakes  or  scales. 

Various  hypotheses  have  beeu  advanced  to  account  for  the  formation  of  anchor-ice.  Dr.  Farquharson  claimed 
it  to  be  the  result  of  radiation  of  heat  from  the  river  bed,  and  to  be  formed  on  the  same  principle  as  dew.  The 
Eev.  Mr.  Eisdale,  of  England,  stoutly  maintained  that  it  was  produced  by  little  spiculse  of  hoar-frost  falling  from 
the  atmosphere  into  the  water.  But  the  principles  which  seem  to  me  to  best  explain  the  phenomena  of  anchor-ice 
are  those  advanced  by  M.  Arago,  and  thus  briefly  given  in  the  English  Cyclopaedia  : 

.  1.  The  reversion,  by  tlie  motion  of  tlie  current,  of  Ibo  hydrostatic  order,  by  which  the  water  at  the  Burface  cooled  by  the  colder  air, 
and  which  at  all  points  of  the  temperatare  of  water  under  39°  F.  would,  in  still  water,  continue  to  float  on  the  surface,  is  mixed  with 
the  warmer  water  below  ;  and  thus  the  \i  hole  body  of  water  to  the  bottom  is  cooled  alike  by  a  mechanical  action  of  the  stream. 

2.  The  aptitude  to  the  formation  of  crystals  of  ice  on  the  stones  and  asperities  of  the  bottom  in  the  water  wholly  cooled  to  32<^, 
similar  to  the  readiness  with  which  crystals  form  on  pointed  and  rough  bodies  in  a  saturated  saline  solution. 

3.  The  existence  of  a  less  impediment  to  the  formation  of  crystals  in  the  slower  motion  of  the  water  at  the  bottom  than  in  the  more 
rapid  one  near  or  at  the  surface. 

That  the  whole  body  of  water  is  thoroughly  chilled,  and  in  a  condition  to  crystallize  readily  upon  any  hard 
nucleus,  may  be  shown,  I  am  told,  by  lowering  a  pole  into  the  stream,  when  it  will  speedily  become  coated  with 
the  anchor-ice.  The  masses  of  ice  which  cling  by  adhesion  to  the  stones  on  the  river  bed  grow  in  size,  and  at 
length  attain  sufiicient  buoyancy  to  loosen  their  fastenings  and  rise  to  the  surface.  It  is  often  said  by  observers 
that  this  action  is  most  marked  soon  after  sunrise. 

Less  difficulty  seems  to  be  experienced  from  the  source  mentioned  where  the  mill-ponds  are  large  and  deep, 
and  water  is  brought  directly  from  them  to  the  wheels,  or,  at  least,  is  passed  through  canals  of  good  depth, 
than  where  the  ponds  are  small  and  shallow,  and  water  is  carried  a  considerable  distance  in  canals  of  slight  depth, 
especially  if  their  bottoms  are  stony.  The  most  common  mode  of  dealing  with  anchor-ice  is  to  rake  it  away  by 
hand  from  the  racks,  although  occasionally  the  plan  is  tried  of  introducing  a  jet  of  steam  into  the  flume  to 
disperse  it. 

In  connection  with  the  streams  it  is  interesting  to  notice  the  special  kinds  of  manufacturing  which  have  come 
to  distinguish  certain  of  them.  Thus,  on  the  tributaries  of  the  Thames  we  find  cotton-  and  woolen-mills;  on  the 
Connecticut  and  upper  Housatonic,  paper-mills ;  on  Miller's  river,  various  manufactures  in  wood ;  on  the  Naugatuck 
and  at  Birmingham,  Connecticut,  metal-working  establishments;  at  the  outlet  of  Pocatopaug  lake,  Connecticut, 
bell  manufactories,  and  so  on. 

Great  as  has  already  become  the  use  of  water-power  in  the  section  draining  toward  Long  Island  sound,  the 
opportunities  for  further  development  are  still  ample,  and  are  being  frequently  availed  of.  In  my  own  observation, 
the  improvement  of  new  privileges  and  the  more  extended  use  of  old  ones  have  gone  on  quite  largely  in  the  past 
two  years  (1880-'82),  and  these  improvements  have  generally  been  of  important  powers,  and  are  characterized  by 
their  substantial  and  expensive  nature.  New  England  certainly  possesses  some  very  valuable  advantages  for 
manufacturing  in  the  abundance  and  desirable  qualities  of  her  water-power,  in  her  nearness  to  tide-water,  her 
established  and  well-equipped  lines  of  communication  with  the  coal  districts  and  great  centers  of  trade,  such  as 
New  York  and  Boston,  in  her  compact  and  numerous  population,  in  her  possession  of  a  large  and  prosperous  class  of 
skilled  laborers,  in  the  bias  and  inclination  which  her  people  have  acquired  for  manufacturing  pursuits,  and  in  the 
extent  of  her  available  capital.  The  last  item  must  not  be  underrated.  Very  many  of  the  manufacturing  companies 
have  a  capital  ranging  from  $1,000,000  upward.  Some  of  the  largest  cotton-mills,  when  stocked  with  their  elegant 
machinery,  are  said  to  have  cost  $1,000,000  or  $2,000,000  each,  and  a  large  additional  capital  is  evidently  required 
for  carrying  on  business  of  such  magnitude.  For  cotton  manufacturing,  the  location  as  regards  obtaining  raw 
material  is  less  favorable  than  in  the  South  :  for  the  manufacture  of  paper,  which  has  assumed  great  prominence 
rags  and  wood-pulp  are  easily  obtained,  and  the  abundance  of  pure  water  is  an  essential  advantage. 

One  great  obstacle  to  the  improvement  of  many  water-powers  is  the  rather  grasping  and  short-sighted  policy 
pursued  by  adjoining  land-owners  or  by  the  owners  of  the  privileges  themselves.  These  are  often  held  for 
speculation  at  unreasonable  prices.  If  the  development  of  a  water-privilege  is  considered  by  a  company  of 
capitalists,  meadow-land,  which  must  be  bought  for  flowage,  and  which  has,  perhaps,  produced  a  moderate  crop  of 
coarse  grass,  at  once  assumes  a  wonderful  value  in  the  eyes  of  its  proprietors,  and  is  sometimes  hardly  to  be 
purchased  at  any  price.  Although  this  experience  is  probably  exceptional,  it  has  certainly  prevented,  in  some 
instances,  the  establishment  of  important  enterprises.  It  would  seem  to  be  much  the  better  plan  for  the  farmers  to 
encourage,  by  all  reasonable  means,  the  introduction  of  manufactures.  Farming  is  not  regarded  as  a  very  profitable 
industrj"^  in  New  England,  but  its  gains  ought  surely  to  be  increased  by  the  founding  of  villages  which  must  bo 
supplied  with  farm  products.  Not  only  this,  but  the  development  of  manufacturing  points  tends  to  a  substantial 
increase  in  the  value  of  real  estate,  and  for  the  sake  of  that  advantage  it  is  sometimes  thought  good  policj'-to  give 
away  water-rights  to  desirable  companies  without  charge. 

fl  Journal  of  the  Eoyal  Geographical  Socieii/,  Vol.  V. 
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I.— THE  THAMES  RIVER  AND  TRIBUTARIES. 


THE  THAMES  EIVEE. 

This  stream  drains  the  eastern  part  of  Connecticut  and  small  portions  of  Rhode  Island  and  Massachusetts,  the 
area  of  its  basin  being  1,450  square  miles.  The  country  thus  included  is  almost  everywhere  hilly,  is  tolerably  well 
wooded,  though  with  a  young  growth,  and  contains  many  natural  lakes  and  ponds  which  have  been  improved  for 
reservoirs.  Much  of  the  land  on  the  hills  is  stouy  and  poor,  with  little  value  for  anything  but  pasturage.  The 
principal  industry  of  this  section  is  its  manufacturing,  which  has  assumed  great  importance,  especially  in  the  matter 
of  cotton  and  woolen  goods.  The  first  successful  water-mill  for  the  manufacture  of  cotton  goods  in  the  United 
States  was  completed  and  put  in  operation  by  Messrs.  Almy,  Brown,  and  Samuel  Slater,  early  in  1793,  at  Pawtuckct, 
Rhode  Island,  {a)  and  the  period  which  has  since  elapsed  has  witnessed  a  wonderful  growth  in  this  branch  of 
enterprise,  both  in  Rhode  Island  and  in  the  adjoining  portion  of  Connecticut,  as  well  as  in  other  parts  of  the 
eastern  states. 

The  Thames  river  is  formed  at  ISTorwich,  New  London  county,  Connecticut,  by  the  union  of  the  Shetucket  and 
Tantic.  It  runs  southerly  and  empties  at  New  London,  at  the  eastern  extremity  of  Long  Island  sound.  Its  width 
generally  ranges  from  a  quarter  to  a  half  mile,  except  near  the  mouth,  where  it  widens  to  a  full  mile  and  forms  the 
magnificent  harbor  of  New  London.  It  is  a  tidal  stream,  the  mean  rise  and  fall  of  tide  at  New  London  being  2.5 
feet,  and  at  Norwich  3.L  feet.  (6)  The  distance  from  the  latter  point  to  the  mouth  is  about  15  miles,  which  is 
navigable  for  vessels  of  12  feet  draught ;  in  1880  the  shallowest  part  of  the  channel  had  a  depth  of  at  least  10 
feet  at  mean  low  water,  and  operations  have  since  been  carried  on  by  the  national  government  with  the  view  of 
obtaining  a  depth  of  14  feet  at  that  stage. 

The  river  is  bordered  on  either  side  by  high  hills,  and  is  a  most  beautiful  stream.  Below  Norwich  no  tributaries 
are  received  except  a  few  small  streams ;  one  of  these,  however,  Oxoboxo  brook,  which  is  fed  by  a  large  reservoir, 
supplies  power  to  a  number  of  factories. 

TRIBUTARIES   OF   THE   THAMES   BELOW   THE   JUNCTION   OF   THE   SHETUCKET   AND   YANTIC   RIVERS. 

I  shall  speak  only  of  those  tributaries  coming  in  from  the  west,  small,  as  already  stated,  and  including  Alewife, 
Oxoboxo,  Stony,  and  Trading  Cove  brooks. 

The  high  hills  which  border  the  Thames  are  here  thickly  wooded,  except  toward  the  lower  ground,  with 
chestnut  and  oak.  The  surface  is  very  rocky,  displaying  many  granite  and  gneiss  bowlders  and  outcropping  ledges. 
The  mills  and  dams  on  the  Oxoboxo  are  in  numerous  instances  built  of  those  varieties  of  rock,  quarried  in  the 
valley.  The  surrounding  country  has  small  agricultural  value,  and  is  but  little  cultivated ;  corn,  potatoes,  and 
grass  are  the  principal  productions. 

Alewife  hrook  is  a  little  stream,  half  a  dozen  miles  long,  and  draining  about  10  square  miles  lying  in  the  towns 
of  Montville  and  Waterford.  At  the  head  is  an  artificial  reservoir  1  mile  long  and  reaching  half  the  width,  with  a 
dam  20  feet  high  at  the  outlet ;  it  can  be  pretty  thoroughly  drawn  out,  but  does  not  appear  to  be  so  well  sustained 
by  springs  as  Oxoboxo  reservoir  to  the  northward.  It  is  said  that  by  means  of  a  dam  40  feet  high  a  reservoir  can 
be  constructed  between  the  two  Robertson  privileges,  2  miles  long  and  three-quarters  of  a  mile  wide.  The  site  is 
favorable  for  a  dam,  and  the  entire  expense  for  flowage  and  construction  is  estimated  not  to  exceed  $6,000.  It 
is  claimed  that  with  this  reservoir  built  the  mills  could  run  at  full  capacity  throughout  the  year;  as  it  is,  the  supply 
of  water  is  sufiQcient  only  about  six  months  in  the  year,  say  from  January  to  July,  after  which  the  mills  shut  down. 
There  are  four  privileges  in  use  on  the  stream,  covering  a  total  of  about  76  feet  fall,  and  all  utilized  by  paper-mills. 
The  lowest  and  uppermost  mills  are  owned  by  O.  Woodrufl",  and  the  two  intervening  by  J.  Robertson's  Sons.  At 
the  Robertson  mills  an  aggregate  of  about  90  horse-power  is  in  use. 

Oxoboxo  hrook  heads  in  a  reservoir  of  the  same  name,  whence  it  flows  southeasterly  across  the  town  of  Montville, 
draining  13  square  miles.  The  reservoir  contains  about  160  acres,  and  is  a  natural  lake  raised,  and  having  its 
flowage  increased,  by  a  granite  dam  at  the  outlet;  it  is  quite  deep,  and  a  considerable  portion  of  its  contents  can 
not  be  drawn  out  on  that  accouiit.  The  Uncasville  Manufacturing  Company  owns  the  reservoir,  but  so  regulates 
the  supply  from  it  as  to  accommodate  the  other  manufacturers. 

The  valley  of  the  stream  is  narrow  and  hemmed  in  by  steep  slopes,  thickly  wooded  on  their  upper  portions, 
but  having  a  thin  covering  of  soil  and  rapidly  shedding  rainfall.  This  valley  derives  its  importance  solely  from 
manufacturing,  and  has  scarcely  any  population  aside  from  that  connected  with  the  mills.    The  New  London 

a  Bishop's  History  of  American  Manufacturing.  J  As  stated  by  Major  J.  W.  Barlow,  corps  of  engineers,  U.  S.  Army. 

187 


18 


WATER-POWER  OF  THE  UNITED  STATES. 


Xorthern  railroad  crosses  at  the  mouth,  and  Montville  station,  which  is  located  there,  is  stated  to  rank  third  among 
the  stations  on  this  line  as  regards  the  amount  of  freighting.  Goods  were  formerly  shipped  by  water  from  the 
mouth  of  the  stream,  but  that  practice  has  been  given  up.  All  transportation  from  the  mills  to  Montville  station 
is  by  team  though  it  is  practicable  to  construct  a  railroad  up  the  valley,  and  the  subject  has  been  somewhat 

considered. 

The  brook  runs  over  a  gravelly  bed,  underlaid  by  rock,  which  frequently  crops  out.  Its  fall  is  rapid,  amounting 
to  over  350  feet  in  the  6  miles  from  the  reservoir  to  the  mouth.  The  mills  succeed  one  another  closely,  each  dam 
setting  back  the  stream  nearly  or  quite  to  the  next  one  above.  The  ponds  are,  as  a  rule,  small  and  of  little 
account;  the  pond  at  the  Uncasville  mill  is  larger  than  the  rest,  however,  and  would  of  itself  probably  supply  the 
mill  for  a  day  or  two.  The  dams  are  short,  and  usually  consist  of  an  embankment  on  one  or  both  sides  of  the  stream, 
with  a  roll- way  {a)  of  granite  or  wood ;  they  appear  to  be  tight,  and  two  or  three  are  very  solidly  constructed. 
Water  is  conveyed  to  the  wheels  variously  by  wooden  flumes,  iron  tubes,  and  canals  carried  along  the  side  hills ; 
the  canals  are  short,  seldom  exceeding  a  few  hundred  feet  in  length.  The  mills  are  of  fair  size  and  well  built, 
frequently  of  stone.  They  have  generally  increased  their  capacity  in  recent  years,  and,  iu  consequence,  have  been 
obliged  to  introduce  steam  for  auxiliary  power,  relying  more  or  less  upon  that  for  three  months  in  the  year. 

The  flow  of  the  stream,  of  course,  depends  upon  the  manner  iu  which  it  is  regulated  at  the  reservoir,  but  it  was 
represented  to  me  to  be  ordinarily  about  30  cubic  feet  per  second.  It  is  said  that  the  dry-season  flow  could  be 
considerably  increased  by  a  reservoir  which  might  be  built,  at  reasonable  expense,  on  Fox  brook,  which  joins  the 
Oxoboxo  at  Oakdale.  The  aanual  rainfall  in  this  section  is  about  50  inches,_and  unless  the  area  drained  is  larger 
than  appears  on  the  map  which  I  have  used,  a  greater  average  flow  for  the  year  than  20  to  25  cubic  feet  per  second, 
continuous  through  24  hours  of  the  day,  cannot  be  expected. 

August  25, 1877,  after  a  very  heavy  rain,  of  the  nature  of  a  "  cloud-burst",  during  which  8.5  inches  of  rain  were 
reported  to  have  fallen  iu  three  hours,  the  upper  mill-dam,  below  the  reservoir,  gave  way,  asd  carried  out,  in 
succession,  nearly  all  the  dams  below,  causing  a  damage  estimated  at  $40,000. 

The  manufacturing  on  this  stream  is  mainly  of  cotton  and  woolen  goods  and  paper.  Some  details  concerning 
the  privileges  are  given  below : 

Water-privileges  on  Oxoboxo  brook  {in  order  from  the  mouth). 


Firm. 


Johnson  &  Co. . 


Uncaeville  Mannfe«turing  Com- 
pany. 


Peqnot  Mills 

E.  G.  Hooper  &  Co. . 

Do 

Palmer  Brothers  — 

A.  Hnrlbnt 

C.  M.  Kobertson 

Do 

Do 

Do 

Palmer  Brothers 


C.  F.  Schofleld. 
B.  F.  Sohofleld. 

Do 

Do 

Do 


Mannfaoture. 


Dye-woods  and  extracts. . 
Cotton  goods 


Cotton  goods 

Dnoocnpied 

Gloakings  «- 

Bed  comfortables  and  cotton  rope 

Twine  and  cotton  cordage 

Paper 

...do  

Small  gristmill  and  shoddy-mill, 

Unimproved 

Bed  comfortables 


Woolen  goods. 

...do 

Unimproved 

Saw-mill 

Unimproved 


FaU. 


Feet. 


16 

36 

12-16 

25-26 

13 

8 

22 

40 

20 

8-10 

26 

12 

n 

20 

19 

15-20 


Horse- 
power 
ntUized. 


167 


42 
136 


65 
25 
20 
40 
60-65 
25-30 


90 


20 


Hemarks. 


Privilege  is  nominally  rated  at  50  effective  horse-power,  which  can  he 

realized  nine  months  in  the  year. 
Dam  has  60  feet  of  roll- way  of  solid  granite  masonry ;  remainder  is  granite 

facing  filled  in  with  gravel.    Can  realize  aboat  two-thirds  capacity  of 

wheels  in  dry  times. 

i  Granite  dam,  30  feet  high.  Privilege  is  in  two  snceessive  falls ;  an  iron 
>  penstock  carries  water  to  the  npper  mill,  and  a  race  thence  to  the  lower 
)     mill. 


Privilege  owned  by  C.  H.  Boberteon. 


Masonry  dam  with  gravel  embankment.  Bace  and  fliBne  500-600  feet  long. 
Can  mn  fall  capacity  nine  months  in  the  year,  and  60Jiorae-power  the  re- 
mainder. 

l-set  mill. 

l-set  mill. 


Between  saw -mill  and  reservoir. 


8tony  and  Trading  Oove  broolcs  are  little  streams  lying  to  the  north  of  Oxob»xo  brook,  and  draining  8  and  12 
square  miles,  respectively.  The  first  has  a  grist-  and  saw-mill  near  the  mouth,  and  a  shingle-  and  grist-mill  some 
distance  above.  The  fall  is  rapid,  and  there  are  reported  good  opportunities  for  reservoirs,  but  there  is  now  very 
little  water  running  in  the  dry  season. 

Trading  Cove  brook  has  a  small  woolen-mill  at  the  mouth,  and  one  or  two  powers  in  use  farther  up.  It  is  not 
thought  to  be  as  good  a  stream  as  Stony  brook;  its  fall  is  slight,  and  in  the  summer  of  1882  it  nan  nearly  or 
quite  dry. 


a  In  New  England  the  term  "roll-way  ''  is  applied  to  that  portion  of  the  dam  between  the  ahutmenta,  and  over  which  the  stream 


flows. 


188 


THE  REGION  TRIBUTARY  TO  LONO  ISLAND  SOUND. 


19 


THE  SHETUOKET  KIVBR. 


The  Williaiautic  autl  Natcbaug  rivers  uuitc,  immediately  below  Williiiiautic  borougb,  to  form  the  Shctiicket, 
which  then  runs  to  the  southeast  autl  joius  the  Yantic  at  Norwich.  It  is  18|  miles  long,  and  lies  mainly  in  the 
towns  of  Windham  and  Spraguo  and  between  those  of  Norwich  and  Lisbon.  Norwich,  at  the  mouth,  is  a  wealthy 
and  beautiful  city,  containing  a  population  of  15,000,  and  is  the  center  of  important  manufacturiDg  interests. 
Three  miles  above  the  city  the  Quinebaug  enters  the  main  river  from  the  east,  aad  is,  in  fact,  of  more  consequence 
than  the  Shetucket  above  their  junction,  containing  a  larger  area  in  its  basin,  and  being  better  supplied  with 
reservoirs.  Between  this  point  aiud  Willimantic,  Little  river  and  Merrick's  brook  are  received  from  the  east,  and 
Beaver  brook  from  the  west,  but  they  are  all  small  streams. 

The  only  elevations  which  I  have  been  able  to  obtain  lor  the  Shetucket  and  its  tributaries  are  those  furnished 
by  an  old  survey,  instituted  by  citizens  of  Norwich  in  1825,  the  record  of  which  was  kindly  loaned  me  by  Moses 
Pierce,  esq.,  of  that  city.  In  view  of  the  large  developments  of  water-power  which  have  since  been  made  on  those 
streams,  and  some  of  which,  I  am  informed,  have  been  based  directly  upon  the  data  supplied  by  the  survey,  it  is 
interesting  to  recall  the  words  of  its  originators:  "  We,  the  subscribers,  believing  that  the  improvement  of  the 
unoccupied  water-privileges  on  the  Quinebaug  and  Shetucket  rivers  would  be  a  great  public  benefit,  and  for  the 
purpose  of  ascertaining  the  number,  magnitude,  location,  and  value  of  the  privileges  on  said  rivers,  hereby  agree 
to  pay  the  sums  affixed,  etc.    »     »     »     Norwich,  January  24th,  1825". 

Mr.  Pierce  states  that  the  survey  has  been  found  correct  whenever  there  has  been  occasion  to  verify  any  portion, 
and  it  is  fair  to  assume  that  the  rest  is  equally  reliable.  It  extended  from  tide-water  up  the  Quinebaug  river  to 
Danielsonville,  the  entire  length  of  the  Shetucket,  and  about  3  miles  above  its  head  on  the  Willimantic  and 
Natchaug.  The  total  fall  in  the  Shetucket  river  was  found  to  be  144.25  feet,  equivalent  to  an  average  of  about  7.7 
feet  per  mile,  distributed  as  below : 

Table  showing  fall  in  the  SlietucJcet  river. 

[From  survey  of  1825.] 


Section  of  river. 


Junction  Willimantic  and  Natchaug  to  Bingham's  bridge 

Ttience  to  Island  bridge 

Thence  to  lower  end  of  Dyer's  ditch 

Tbence  to  foot  of  falls,  below  Manning's  bridge 

From  foot  of  falls  (200  rods  below  Manning's  bridge)  to 
month  of  Waldo's  biouk  at  Wood's  bridge 

Thence  to  tide- water 

Total  from  junction  of  Willimantic  and  Natchaug 
to  tide-water 


Distance. 

Fall. 

Rods. 

Ft.    in. 

452 

12      8 

660 

7    10 

302 

7     ,8 

364 

8      3 

574 

11      4 

3,748 

06      6 

6,000 

144      3 

Note. — ^From  the  junction  of  the  Willimantic  and  Natchaug  nearly  half-way  to  Norwich,  or  to  Baltic  slackwater,  the  fall,  amounting  to  aboat  54  feet,  is 
unimproved.    For  the  xemainder  of  the  distance  it  is  practically  all  developed. 

The  points  on  this  river  at  which  it  is  used  for  power  are,  in  order  from  the  mouth,  Norwich,  or  perhaps  more 
properly  Greeneville,  a  suburb  of  the  city,  Taftville,  Occum,  and  Baltic ;  between  Baltic  and  Willimantic  there  are 
two  unimproved  privileges,  which  will  be  described  later. 

The  drainage  area  of  the  Shetucket  is  1,245  square  miles,  of  which  512  are  above  its  junction  with  the  Quinebaug, 
while  725  belong  to  the  latter  stream.  Excepting  those  of  the  Quinebaug  basin,  the  principal  lakes  and  storage 
reservoirs  of  the  Shetucket  drain  into  it  through  the  Willimantic  and  Natchaug  rivers,  and  hence  benefit  the  whole 
length  of  the  river  below.    Their  location  and  approximate  areas  are  as  follows : 

Lakes  and  reservoirs  in  the  Willimantie  and  Natchaug  basins. 


Name. 


Stafford  ville  reservoir 

Sqnare  pond  (reservoir) 

Oronttville  reservoir 

Wangumbaug  lake  (resei-voir) 

Bolton  reservoir 

Columbia  reservoir 

Black  lake 

Crystal  lake  (reservoir)  i  Eastford  and  Woodstock 

Eastford  reservoir Town  of  Eastford 


Location. 


Northeast  part  of  town  of  Stafford  . . . 

Ellington  and  Stafford 

Town  of  Stafford 

Town  of  Coventry 

Northern  part  of  town  of  Bolton 

(Town  of  Columbia 

Western  part  of  town  of  Woodstock. . 


Approxi- 
mate area, 
(a) 


Outlet. 


Acres. 
200 
•175 


*450 
500 
282 
*80 
200 
200 


Furnace  brook. 

Eeaches  West  branch'  of  Willimantic  river. 

Middle  river. 

Outlet  runs  to  Willimantic  river. 

Hop  river. 

Drains  to  Hop  livor. 

Drains  to  Natchaug  i-iver. 

Still  river  to  Natchaug. 

Drains  to  Natchaug  livor. 


a  Not  very  accurate  probably,  but  the  best  estimates  I  could  obtain  ;  where  marked  by  a  star  (*)  areas  were  measured  on  map  of  state  of  Connecticut. 
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The  Shetuctet  river  rises  rapidly  after  rains,  usually  coming  up  for  about  twelve  hours  after  a  storm  has  ceased, 
and  then  gradually  falls  away ;  even  an  ordinary  rain  has  an  important  effect  upon  its  volume,  and  when  the  supply 
is  low  will  sometimes  give  the  mills  plenty  of  water  for  several  weeks.  There  is  very  little  low  ground  along  the 
stream,  and  the  banks  are  not  overflowed.  Backwater  causes  but  little  hindrance  and  never  any  stoppage  to  the 
mills.  At  Baltic  the  working  head  is  sometimes  reduced  3  or  4  feet,  but  the  trouble  is  only  experienced  during 
a  very  few  days  in  the  year.  A  depth  of  4  feet  of  water  flowing  over  the  dam  (roll- way  515  feet  long)  is  considered 
quite  a  large  freshet  rise.  At  Taftville  the  ordinary  spring-freshet  rise  below  the  dam  is  5  or  6  feet,  and  the 
hinderance  from  backwater  is  stated  as  even  less  than  at  Baltic,  amounting  to  only  a  foot  or  two  net  reduction  of 
head,  and  that  for  bat  one  or  two  days. 

Neither  is  there  any  trouble  woith  mentioning  from  ice.  Whatever  floating  ice  comes  down  from  the  upper 
river  runs  out  on  to  extensive  flats  near  Scotland  station  and  melts  there ;  little  ice,  therefore,  except  that  formed 
below  Scotland,  goes  over  the  Baltic  dam,  and  at  Taftville  the  depth  of  water  running  over  the  crest  of  the  dam  is 
so  small,  not  amounting  to  more  than  3  or  4  feet  in  common  freshets,  that  the  ice  does  not  escape  from  the  pond 
until  so  thoroughly  rotted  as  to  be  harmless. 

Although,  as  I  have  stated,  the  ordinary  freshets  in  the  Shetucket  are  not  serious,  yet,  in  at  least  two  instances,, 
it  has  been  visited  by  destructive  floods.  March  26, 1876,  the  river  rose  to  such  a  height  as  to  run  10  feet  deep 
over  the  Taftville  dam,  and  12  or  14  feet  deep  over  that  at  Greeneville.  This  was  on  Sunday.  Through  the 
preceding  week  heavy  rains  had  filled  all  the  reservoirs,  and  during  Saturday  night  drenching  showers  carried  the 
streams  out  of  their  beds.  The  storm  was  general  and  disastrous  in  Connecticut,  Ehode  Island,  and  Massachusetts ; 
it  was  stated  that  in  the  vicinity  of  Providence  4.06  inches  of  rain  fell  during  Saturday  and  Saturday  night, 
making  7.66  inches  in  six  days.  The  losses  by  this  freshet  were  great  throughout  the  section  in  which  it  occurred, 
and  were  estimated  to  amount  to  several  hundred  thousand  dollars  in  eastern  Connecticut.  Dams  were  carried  away, 
mills  were  injured,  warehouses  submerged,  and  railroad  embankments  washed  out.  The  larger  part  of  the  damage 
was  along  the  course  of  the  Shetucket  river.  At  Baltic  a  portion  of  the  dam  and  part  of  the  mill  were  carried  away ; 
the  bulkhead  of  the  Occum  dam  was  washed  out,  and  the  mill  suffered  injury ;  apd  at  Taftville  the  embankment 
forming  a  part  of  the  dam  would  probably  have  been  overcome,  and  the  splendid  mill  destroyed,  had  not  the 
former  been  protected  by  a  hastily-built  breastwork  of  rock  and  bales  of  cotton-waste. 

Again,  almost  exactly  a  year  later,  on  the  morning  of  iMarch  27, 1877,  the  storage  reservoir  at  Staffordville 
gave  way,  and  caused  heavy  losses  in  the  town  of  Stafford,  and  especially  at  Stafford  Springs. 

Improved  privileges. — Ascending  the  river,  the  first  power  is  that  at  Grreeneville,  immediately  above  Norwich. 
The  river  in  this  vicinity  is  skirted  by  high  hills,  rising  steadily  from  the  water,  and  but  slightly  timbered ;  it  is  about 
300  feet  wide  between  banks,  with  a  bed  composed  of  gravel  and  small  bowlders. 

The  old  Greeneville  dam  is  about  a  mile  and  a  half  from  the  Thames.  It  was  built  in  1829,  but  has  since  been 
raised ;  it  is  a  timber  and  stone  structure,  with  stone  abutments,  and  cost,  say  $50,000 ;  the  roll-way  is  326  feet 
long  and  14  feet  high.  Above.is  a  pondage  of  perhaps  125  acres.  The  canal  follows  down  the  west  bank,  and  is 
seven-eighths  of  a  mile  long,  from  30  to  50  feet  wide,  and  10  feet  deep. 

The  mills  supplied  with  water  are,  in  order,  F.  B.  Durfee's  grist-mill,  the  Hubbard  paper-mill,  and  the  mills  of 
the  Norwich  Bleaching  and  Calendering  Company,  the  Chelsea  Paper  Company,  and  the  Shetucket  Manufacturing 
Company  (cotton  goods).    The  total  rated  power  of  wheels  in  use  is  stated  at  1,600  or  1,700  horse-power. 

The  privilege  is  operated  by  the  Norwich  Water-Power  Company,  which  has  sold  absolutely  to  the  various 
mills  their  rights  to  water,  reserving  a  certain  annual  rental  amounting  to  about  $130  per  1,000-spindle  power.  Such 
measurements  of  water  as  are  carried  on  are  made  at  the  gates  opening  from  the  canal.  These  gates  are  usually 
three  in  number  at  each  flume,  each  gate-opening  being  4  feet  wide.  In  measuring,  the  gate  is  raised  to  a  point 
leaving  a  small  head  between  canal  and  flume;  this  head  is  measured,  and  the  flow  determined  by  formula.  It  is 
designed  to  introduce  flume-measurements  in  time. 

The  privilege  owned  by  the  water-power  company  covers  certainly  19  feet  and  5  inches,  extending  from  tide- 
water to  the  foot  of  what  are  known  as  the  "Quinebaug  falls",  and  an  additional  foot  of  fall  is  also  claimed.  The 
heads  actually  obtained  at  the  mills  range  from  14J  to  17  feet,  according  to  their  position  along  the  canal.  So  far  as 
regards  a  thorough  utilization  of  the  power  of  the  river,  the  plan  of  development  adopted  here  is  not  the  most 
desirable.  If  the  dam  could  have  been  located  considerably  farther  down-stream,  and  water  carried  to  mills  at 
tide- water,  the  entire  benefit- of  the  fall  might  have  been  received  and  the  pondage  substantially  increased.  The 
cost  of  the  dam  would  have  been  greater,  on  account  of  its  additional  height;  but,  on  the  other  hand,  there  would 
have  been  no  necessity  for  building  up  a  village  separate  from  the  city,  as  has  been  done  at  Greeneville. 

At  this  point  the  Shetucket  includes  in  its  volume  the  water  discharged  by  the  Quinebaug.  During  high 
Avater  the  effective  head  at  the  mills  is,  of  course,  somewhat  diminished  by  backwater,  but  not  for  more  than  one 
or  two  days  in  the  year  is  the  hindrance  so  great  that  they  have  to  shut  down.  The  common  freshet  depth  on  the 
dam  does  not  exceed  6  or  7  feet.  In  the  river  below,  the  water  sometimes  rises  nearly  to  the  top  of  the  canal  bank, 
and  has  even  been  known  to  cover  it  from  sight.  The  chief  trouble  is  experienced  from  low  water,  and  some  of  the 
mills  use  steam  as  auxiliary  power.  The  supply  of  water  is  sufiicient  to  run  them  all  at  full  capacity  six  to  seven 
mouths  in  ordinary  years,  and  perhaps  three-quarters  capacity  the  remaining  months.  The  pond  is  sometimes  drawn 
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down  18  inches,  and  there  is  seldom  in  summer  any  water  running  over  the  dam,  even  at  night.  During  low  stages 
a  certain  priority  in  rights  to  water  exists;  the  Shetucket  Company  stands  first,  and  must  be  supplied  in  preference 
to  any  of  the  other  mills.  The  manufacturing  concerns  on  this  privilege  are  all  of  large  size;  they  are  conveniently 
located  between  the  canal  and  the  river,  with  the  Norwich  and  Worcester  railroad  on  the  opposite  side  of  the  canal. 

In  September,  1881,  work  was- begun  upon  a  new  dam  at  Greeneville,  about  1,200  feet  below  the  old  one.  The 
roll-way  of  this  dam  Is  to  be  400  feet  long;  the  masonry  work  is  15  feet  high  and  is  set  slightly  into  the  river-bed,  its 
crest  being  on  the  same  level  with  that  of  the  old  danj.  The  bed  of  the  river  is  here  composed  of  gravel  containing 
cobble-stones  or  small  bowlders,  and  retains  that  character  to  a  considerable  depth,  probably  30  feet  at  least.  The 
dam  is  15  feet  wide  at  the  base  and  7J  feet  wide  at  the  top;  the  face  batters  2  inches,  and  the  back  5  inches,  to  the 
foot.  The  work  is  in  rubble  masonry  with  cut-granite  coping;  the  rubble  is  composed  of  a  quartzose  rock  of  varying 
composition.    The  back  slope  is  to  be  faced  with  concrete  to  a  thickness  of  1  foot,  secured  in  place  by  planking. 

An  apron  of  timber  projects  22  feet  below  the  dam.  It  has  an  upward  slope  at  the  down-stream  end,  attained 
by  a  "pitch-plank",  designed  to  throw  the  water  out  and  permit  it  to  fall  in  such  manner  as  not  to  produce  scour 
in  the  river-bed  at  the  end  of  the  apron.  The  apron  is  of  two  thicknesses  of  timber,  the  intervening  space  filled 
in  with  sand  and  stone,  except  under  the  incline,  where  it  is  to  be  grouted  stone.  At  the  edge  of  the  apron  sheet- 
piling  is  driven  11  to  llj  feet  into  the  river-bed;  another  row  is  driven  5  feet  deep  at  the  foot  of  the  back  slope  of 
the  dam.  This  precaution  is  to  prevent  leakage  and  scour  under  the  structure.  The  material  of  the  apron  is  hem- 
lock at  the  bottom  and  yellow  pine  and  oak  at  the  top.  The  abutments  are  curving  in  plan,  and  built  of  rubble.  The 
bulkhead  is  on  the  west  side;  it  is  of  rock-faced  masonry,  and  will  contain  six  gate-openings,  each  10  feet  square. 

Work  on  this  dam  was  begun  in  September,  1881,  as  has  been  stated,  but  discontinued  during  the  winter.    The 
completed  work  was  diked  in,  and  no  trouble  experienced  from  high  water.     Upon  the  return  of  favorable  weather 
work  was  resumed,  and  in  August,  1882,  was  well  advanced.    At  that  time  the  upper  dam  diverted  nearly  all  the 
flow  of  the  river  into  the  canal,  and  very  little  reacted  the  work. 
The  new  structure  was  being  built  out  simultaneously  from  both 
shores;  it  was  expected  to  be  completed  during  the  fall,  at  an 
estimated  total  cost  of  about  $60,000. 

The  next  privilege  is  occupied  by  the  Ponemah  mill,  at  Taft- 
ville.  This  power  is  a  short  distance  above  the  confluence  of  the 
Quinebaug  and  the  Shetucket,  and  about  4  miles  from  Norwich. 
A  spur  from  the  Norwich  and  Worcester  railroad,  a  mile  and  a 
quarter  long,  runs  to  the  mill. 

The  river  bed  and  banks  are  at  Taftville  composed  mainly  of 
gravel,  and  at  a  slight  depth  a  sort  of  hard-pan  is  met,  which 
affords  the  finest  of  foundations.  One  end  of  the  mill  rests  upon 
rock,  a  kind  of  granite,  which  was  quarried  and  worked  into  the 
foundations ;  a  pocket  of  sand,  which  was  used  in  making  mortar, 
was  also  found  on  the  site  of  the  mill.  There  is  no  good  brick  clay 
in  this  section,  however,  and  the  bricks  of  which  the  mill  is  con- 
structed were  brought  from  Dayville,  about  25  miles  north  on  the 
Norwich  and  Worcester  railroad. 

The  structure  is  indeed  a  splendid  one.  The  main  mill  is  750 
feet  long  by  74  feet  wide,  and  5  stories  high,  with  an  L  228  by  61 
feet,  and  4  and  6  stories  high.  It  contains  108,000  spindles  and 
has  a  capacity  for  about  2,500  looms.  Another  large  building,  to 
be  used  exclusively  for  weaving,  was  being  constructed  in  1882. 

Some  1,200  hands  are  employed,  and  with  the  completion  of  the  new  works  the  number  will  be  increased  to  at  least 
1,500.  The  manufacture  comprises  more  than  200  styles  of  lawns,  cambrics,  and  fancy  goods.  Very  fine  numbers  of 
thread  are  used,  and  it  is  said  that  no  mill  in  the  United  States  makes  finer  goods  than  the  Ponemah;  and  still  higher 
numbers  of  thread  are  before  long  to  be  employed.  The  enterprise  of  manufacturing  was  begun  at  Taftville  more 
than  ten  years  ago,  but  became  embarrassed  financially  and  the  property  was  sold.  The  present  company  purchased 
while  the  mill  was  only  partially  complete,  finished  its  construction,  and  stocked  it  with  the  very  best  machinery. 

The  dam  has  a  novel  shape,  which  has  not  been  observed  elsewhere  on  a  scale  of  any  importance.  It  consists 
of  four  elliptical  sections,  separated  by  piers.  It  is  thought  that  in  time  the  village  in  which  the  operatives  live  will 
have  to  be  extended  to  the  opposite  side  of  the  river,  and  the  dam  has  been  built  in  the  manner  described  in  order 
that  the  piers  may  serve  to  bear  the  superstructure  of  a  bridge.  The  piers  are  8  feet  wide  at  the  base  and  G  feet 
at  the  top;  the  elliptical  segments  are  each  100  feet  in  span,  so  that  the  entire  length  of  dam  between  abutments  is 
418  feet,  measured  in  a  straight  line;  if  we  take  into  account  the  supplementary  embankments  and  the  bulkhead,  (a) 
this  length  should  be  increased  to  about  800  feet.  The  dam  is  of  rubble  masonry,  16  feet  wide  at  the  base  and 
8  feet  at  the  top,  the  coping-stones  being  a  little  shorter,  however,  or  6  feet;  the  height  of  the  structure  is  24  feet, 


Fig.  5. — Ponemah  mill  at  Taftville. 


o  The  term 


'bulkhead"  is  used  to  iadioate  the'  masonry  or  timber  work  in  oonnectiou  with  the  head-gates  at  the  eatranoe  to  a  oanaL. 
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and  the  face  has  somethiug  of  a  batter.  The  apron  is  a  heavy  crib-work,  4  feet  deep,  and  projecting  24  feet  from  the 
foot  of  the  dam ;  the  last  few  feet  have  an  upward  slope  in  the  same  manner  as  already  explained  in  connection 
with  the  Greeneville  dam.  The  west  bank  at  Taftville  is  rock,  while  the  river  bed  and  east  bank  are  gravel.  In 
building  the  dam  the  river  bed  was  excavated  till  a  firm  material  was  reached.  The  trench  was  then  filled  with 
sifted  puddle,  inclosing  a  line  of  sheet-piling  which  projects  4  feet  below  the  bottom  course  of  stone  and  is  built 
into  the  masonry;  there  is  also  a  line  of  priming  at  the  end  of  the  apron. 

The  abutments  are  very  heavily  built,  of  masonry,  are  curved  in  plan,  and  rise  13  feet  above  the  crest  of  the 
dam.  An  embankment  connects  the  west  abutment  with  the  bulkhead.  The  latter  is  constructed  of  granite 
masonry,  has  five  8-foot  arched  openings,  and  two  parapets,  it  being  used  as  a  bridge.  The  hoisting-gear  for  the 
gates  is  operated  by  hand- wheels,  which  turn  a  horizontal  shaft  acting  upon  the  different  racks.  The  Taftville  dam 
was  built  from  1867  to  1870,  and  Its  cost  complete  is  roughly  stated  at  about  $100,000. 

The  canal  is  50  feet  wide  at  the  bottom,  60  feet  at  the  top,  and  inclosed  by  masonry  walls.  It  has  a  total  depth 
of  20  feet,  10  feet  above  and  10  feet  below  the  crest  of  the  dam,  the  additional  depth  being  designed  to  carry  freshet 
water  and  so  prevent,  as  far  as  possible,  loss  of  head  from  backwater.  It  runs  from  the  bulkhead  a  short  distance 
to  the  mill,  passing  under  one  end  and  continuing  to  the  center,  opposite  which  are  located  the  wheels.  The  tail- 
water  passes  through  arched  ways  under  the  head-race,  and  soon  escapes  into  the  river  at  the  rear  of  the  mill.  The 
canal  or  head-race  is  400  feet  long  from  the  head-gates  to  the  center  of  the  mill ;  the  tail-race  is  228  feet  long  and  60 
feet  wide.  The  short  races  employed  here  are  to  be  noticed.  The  dam  is  located  well  down-stream  on  the  privilege, 
giving  a  large  pondage  above ;  the  water  is  promptly  delivered  to  the  wheels  through  a  canal  of  ample  dimensions, 
and  quicklj"  returned  to  the  river  again. 

New  water-wheels  have  lately  been  set,  and  comprise  a  Swain  and  two  Collins  turbines.  At  present,  when 
running  at  full  capacity,  1,200  horse-power  is  employed,  the  head  on  the  wheels  being  about  25  feet.  The  entire 
fall,  however,  on  the  Ponemah  privilege  is  30  feet ;  the  wheels  have  been  set  for  that  fall,  which  will  be  gained  by 
excavating  the  shoals  in  the  river  below  the  mill. 

The  whole  privilege,  with  30  feet  fall,  is  estimated  at  1,500  effective  horse-power  in  a  low  st^ge  of  the  river,  or 
sufficient  for.  115,000  cotton-spindles.  In  ordinary  years  full  capacity  can  be  run  all  the  time  by  water,  but  in 
exceptional  seasons,  such  as  the  summers  of  1881  and  1882,  the  supply  runs  short  for  perhaps  -.  couple  of  weeks ; 
in  such  emergencies  a  250  horse- power  steam-engine  is  employed.  With  the  present  head  the  privilege  is  estimated 
never  to  fall  below  1,100  effective  horse-power,  and  for  six  or  seven  months  in  the  year  water  wastes  over  the  dam 
day  and  night.  The  pond  sets  back  2  miles  up  the  river,  but  is  never  drawn  down  far,  the  policy  oeing  to  maintain 
it  nearly  full,  and  so  preserve  the  head. 

The  power  next  to  be  described  is  that  at  Occum,  about  2  miles  above  Taftville.  It  is  not  on  the  line  of  any 
railroad,  but  is  a  little  more  than  a  mile  from  Versailles  station,  on  the  Providence  divisioh,  and  between  2  and  3 
miles  from  Taff  s  station,  on  the  Norwich  division  (a)  of  the  New  York  and  New  England  railroad.  It  is  owned  by  the 
Occum  Company,  of  Norwich,  which  has  developed  it  with  the  view  of  leasiug  power  to  manufacturers.  In  1880  a 
total  of  180  (1)  horse-power  had  thus  been  disposed  of  to  two  concerns — the  Totokett  cotton-mill  and  E.  S.  Farnham. 
The  regular  rate  for  power  here  is  $20  per  annum  per  horse-power.  I  estimate  the  available  power  of  the  privilege 
as  follows : 

Estimate  of  available  power  at  Occum. 


stage  of  rlTor. 

Drainage 
area. 

Flow  per 
second,  av- 
erage for 

the  24 
hours,  (a) 

Theoretical  horse- 
power. 

Effective 

horse- 
power ntil- 
ized  in 
1880. 

Low  water  of  dry  year 

Low  water  of  average  year    .  . , 

8q.  miles. 
464     \ 

Cubic  feet. 
185 
230 
300 

1  foot  fall. 
21.0 
26.1 
S4.1 

U  feet  f da. 
290 
370 
480 

I     180  (?) 

Available  ten  monthain  average  year. 

a  By  pondage  along  the  stream  the  flow  and  power  in  low  stages  would  probably  be  doubled  for  twelve  hours  in  the  day. 

The  improvements  at  Occum  have  been  very  substantially  made.  The  work  on  the  dam,  abutments,  bulkheads, 
and  a  river  wall  extending  some  distance  down  the  west  bank,  is  all  of  cement  masonry.  The  dam  itself  is  12  feet 
thick  at  the  base,  6  feet  at  the  top,. and  12  feet  high;  it  is  backed  by  gravel,  paved  on  the  slope  with  large  flat 
stones.  Supplementary  to  this  part  of  the  dam,  which  constitutes  a  roll-way  300  feet  long,  is  500  feet  of  earthen 
embankment,  20  feet  high  and  50  feet  wide  at  the  base.  The  apron  is  planked,  and  below  it  are  large  stones 
placed  on  the  river  bed  to  break  the  force  of  the  water  and  prevent  scour.  There  is  a  bulkhead,  with  head-gates, 
at  each  end  of  the  dam,  the  design  being  to  use  power  on  both  sides  of  the  river.  The  mills  now  built  are  on  the 
west  bank,  but  any  new  mill  would  probably  be  located  on  the  opposite  side.  The  west  canal  is  about  500  feet 
long,  40  feet  wide,  and  8  feet  deep.  The  available  fall  at  the  mills  is  about  14  feet.  Above  the  dam  is  a  pondage 
estimated  at  75  acres. 
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The  Occum  dam  cost,  in  round  numbers,  $60,000.  Work  upon  it  was  begun  about  the  year  1865  or  1866. 
During  its  construction  tbe  company  became  involved  in  a  lawsuit  and  was  compelled  to  stop  work ;  and  a  heavy 
freshet  occurring  about  that  time  carried  away  part  of  the  dam,  with  a  loss  of  $15,000 ;  and  again,  at  the  time  of 
the  Baltic  disaster,  it  was  damaged  to  the  extent  of  about  $27,000. 

The  last  improved  privilege  on  the  Shetucket  is  the  splendid  one  at  Baltic,  belonging  to  the  estate  of  the  A.  & 
W.  Sprague  Manufacturing  Company.  It  is  at  present  leased  by  H.  L.  Aldrich,  of  Providence,  for  the  manufacture 
of  print  cloths.  The  main  building  of  the  mill  is  030  by  68  feet,  and  has  two  wings  which  increase  the  total  length 
of  the  structure  to  850  feet ;  it  is  60  feet  high  and  contains  four  principal  stories,  or  six  counting  the  basement  and 
attic.  In  all  70,700  spindles  are  run,  and  1,750  looms;  1,100  hands  are  employed,  and  when  running  full  capacity, 
142  bales  of  cotton  are  used  per  week.  ^ 

The  present  dam  was  built  in  1876.  It  rests  upon  a  gravel  bed,  and  abuts  at  the  west  end  upon  a  natural 
ledge.  The  roll-way  is  515  feet  long,  with  a  height  of  21  feet  above  the  river  bed ;  it  is  80  feet  wide  at  the  base  and 
4  feet  wide  at  the  top.  The  actual  height  of  the  dam,  however,  is  much  more  than  24  feet,  for  the  structure  is 
carried  down  into  the  river  bed  some  20  feet.  It  consists  throughout  of  a  log  crib-work,  filled  in  with  stone  and 
puddled.  The  logs  of  the  various  courses  are  pinned  together  with  iron  pins.  The  face  of  the  dam  slopes  rather 
more  than  the  back,  and  is  covered  with  4-inch  hemlock  planking.  The  apron  extends  horizontally  17  feet  from  the 
foot  of  the  slope,  rests  upon  crib-work  like  that  in  the  dam,  and  is  covered  with  8-inch  white-oak  planking.  At  the 
foot  of  the  back  slope,  and  again  at  the  end  of  the  apron,  is  priming,  consisting  of  round  white-oak  piles,  8  or  10 
inches  in  diameter,  driven  with  a  pile-driver  as  far  down  as  possible. 

Toward  the  west  end  the  dam  is  pierced  by  a  penstock,  measuring  4  by  5  feet  transversely,  for  drawing  down 
the  pond.  The  dam  is  obtuse-angled  in  plan,  the  apex  up  stream.  At  the  east  end  of  the  roll-way  is  a  masonry 
abutment  37  feet  5  inches  high  from  base  of  foundation,  80  feet  long,  and  built  20  feet  wide,  of  granite.  From  this 
abutment  there  runs  a  gravel  embankment  ISO  feet  long,  150  feet  wide  at  base,  50  feet  wide  at  top,  and  about  40 
feet  high,  rising  16  feet  above  the  crest  of  the  dam ;  through  its  center  extends  a  row  of  priming,  like  that  already 
described,  and  driven  down  to  about  the  level  of  the  foundation  of  the  roll-waj',  that  is,  some  20  feet  below  the 
river  bed;  at  that  depth  hard-pan  was  struck.  The  I'oll-way  of  the  dam  is  backed  with  gravel,  paved  with  largG 
flat  stones  for  a  considerable  distance  from  the  crest.  The  tendency  of  the  water  flowing  over  the  dam  is  to  form 
powerful  eddies  beside  and  against  the  masonry  abutment.  To  guard  against  this  a  timber  wall,  some  4J  feet  in 
height,  has  been  carried  down  the  front  slope  of  the  dam  at  an  interval  of,  say,  20  feet  from  the  abutment,  shutting 
off  the  ordinary  flow  of  water  over  that  portion.  A  crib-work  dike  has  also  been  extended  some  distance  below  the 
foot  of  the  abutment  and  in  a  line  with  it. 

At  the  inshore  end  of  the  embankment  is  the  bulkhead,  a  fine  piece  of  granite  masonry.  It  is  80  feet  long, 
35  feet  high,  20  feet  wide  at  the  base,  and  11  feet  wide  at  the  top.  Water  is  admitted  to  the  canal  through  six 
gate-openings  in  this  bulkhead.  The  bank  adjoining  the  bulkhead,  on  the  side  away  from  the  river,  i.s  a  fine, 
sandy  gravel,  and  at  that  end  of  the  bulkhead  iirimiug  was  driven  to  a  depth  of  25  feet. 

The  head-race  extends  700  or  800  feet  from  the  head-gates  to  the  mill,  and  then  along  past  its  whole  front,  giving 
a  total  length  of,  say,  1,500  to  1,700  feet;  it  is  50  feet  wideband  carries  an  ordinary  depth  of  OJ  feet  of  water.  The 
tail-race  also  extends  the  whole  length  of  the  mill,  in  the  rear,  and  then  on  to  the  river.  Both  head-  and  tail-races 
are  walled  with  stone. 

Power  is  taken  from  four  Collins  turbines  (two  8  feet,  one  5,  and  one  4J  feet  in  diameter),  aggregating  about 
1,200  horse-power;  these  were  stated  to  run  under  a  head  of  24  feet.  Eeliance  for  power  is  jilaced  solely  in  water, 
steam  not  being  used  for  that  purpose.  There  has  been  a  lack  of  water  for  running  at  full  capacity  not  more  than 
fourteen  days  in  any  one  year.  In  the  extreme  drought  which  was  being  experienced  at  the  time  of  my  visit,  in 
August,  1882,  850  effective  horse-power  was  being  realized,  and  I  was  informed  by  Mr.  K  R.  Gardner,  the  manager 
of  the  mill,  that  the  river  was  then  lower  than  he  had  seen  it  before  in  twenty  years. 

By  flash-boards  («)  the  height  at  the  crest  of  the  dam  can  be  increased  2  feet ;  the  flowage  is  then  approximately 
500  acres.  For  four  months  in  the  year  the  water  can  be  entirely  ponded  during  the  night;  for  six  months  it 
wastes  both  night  and  day.  No  trouble  is  encountered  at  this  point  from  anchor-ice  or  from  cake-ice.  The  latter, 
if  allowed  to  form  and  break  up  in  the  canal,  would  bother  at  the  rack  at  the  entrance  to  the  flume,  but  this 
trouble  is  obviated  by  a  rude  frame-work  floating  on  the  surface  of  the  canal,  dividing  it  into  squares  of  a  few  feet 
on  a  side,  and  thus  holding  the  ice. 

Failure  of  the  old  Baltic  dam. — The  original  dam  at  Baltic  was  a  framed  struoture,  open  underneath.  The 
roll-way  was  only  220  feet  long,  the  embankment  at  that  time  extending  to  the  apex  of  the  angle  in  the  present 
dam,  or  295  feet  farther  than  now.  The  abutment  was  of  wood,  and  the  bulkhead  was  also  of  wood,  old  and 
somewhat  decayed.  During  the  great  freshet  of  March  26,  1876,  a  tremendous  body  of  water  came  pouring  down 
the  river,  till  there  was  a  depth  of  15  feet  on  the  roll-way.    It  finally  broke  through  the  bulkhead,  filled,  overflowed, 

a  So  called  in  New  England,  but  termed  "  brackets"  in  the  West.  They  are  boards  fastened  temporarily  upon  the  crest  of  a  dam, 
nsually  to  a  height  of  1  to  3  feet,  and  designed  to  insure  a  larger  storage  in  low  water.  They  also  increase  the  head  so  long  as  the  pond 
remains  up. 
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and  gouged  out  the  bank  of  the  canal,  and  rapidly  cut  away  the  embankment  of  the  dam,  although  the  roll-way 
remained  intact.  The  flood  swept  against  the  nearer  end  of  the  Baltic  mill,  of  which  over  90  feet  was  carried 
away,  together  with  valuable  machinery.  An  engine-house  was  destroyed,  and  the  mill-races  were  filled  with  sand 
and  gravel.  The  loss  at  this  point  probably  exceeded  $200,000,  and  $400,000  were  spent  in  repairs  outside  of  the 
mill,  including  a  new  dam,  abutment,  bulkhead,  and  embankment,  clearing  out  the  race-ways  and  lining  them 
with  stone  walls. 

Unimproved  privileges. — I  have  now  described  all  the  imi)roved  powers  on  the  Shetucket.  There  remain  two 
privileges,  undeveloped,  and  located,  one  at  Scotland  station,  also  known  as  the  "  Waldo  privilege",  and  one  at 
South  Windham.  Both  belong  to  the  estate  of  the  A.  &  W.  Sprague  Manufacturing  Company.  The  fall  included 
in  these  two  privileges  may  be'  regarded  as  about  54  feet,  which  agrees  quite  closely  with  the  result  to  be  obtained 
by  deducting  the  fall  belonging  to  the  privileges  below  from  the  total  fall  of  the  river  as  shown  by  the  survey  of 
1825.    Ex-Governor  William  Sprague  assigns  20  feet  to  the  Waldo  privilege  and  34  feet  to  that  at  South  Windham. 

The  Providence  division  of  the  TSTew  York  and  New  England  railroad  follows  down  the  east  bank  of  the  river 
past  both  privileges,  and  the  New  London  Northern  road  also  skirts  the  west  bank  at  South  Windham.  Between 
Willimantic  and  South  Windham  the  immediate  valley  of  the  Shetucket  is  rather  narrow,  seldom  spreading  to  a 
greater  width  than  half  a  mile  to  a  mile.  Hills  of  moderate  height  rise  from  the  stream,  and  are  succeeded  by  higher 
ranges  farther  back,  only  visible  from  an  elevated  point.  The  timber  has  been  generally  cut  away,  though  quite  large 
patches  remain  on  the  steeper  slopes  and  on  the  summits  of  the  higher  hills.  The  soil  is  light  and  sandy  or  gravelly, 
and  can  be  of  but  little  value :  the  land  seems  to  be  used  mainly  for  pasturage,  but  yields  considerable  grass  and  some 
corn  and  potatoes.  From  South  Windham  to  Scotland  the  country  is  much  more  thickly  wooded  than  above ;  much 
of  the  way  the  hills  rise  abruptly  from  the  river,  so  that  its  immediate  valley  is  narrow,  with  steep  slopes. 

At  Scotland  station  the  river  is  from  200  to  250  feet  wide  between  banks.  The  bed  is  gravelly,  and  the  banks  are 
also  gravelly  in  part,  though  sandy  in  places.  Opposite  the  station  they  are  perhaps  12  feet  high.  A  shoal  extends 
from  this  point  a  quarter  of  a  mile,  more  or  less,  down-stream  to  Baltic  backwater.  In  the  vicinity  of  the  station 
the  ground  bordering  the  river  is  flat  for  a  considerable  distance  back  on  both  sides.  Near  the  foot  of  the  shoals 
the  west  bank  rises  to  a  high,  sandy  and  gravelly  bluff,  while  the  east  bank  sinks  still  lower  than  before,  and  forms 
low  flats  on  which  the  ice  is  thrown  out  in  spring.  A  quarter  to  a  half  mile  above  the  station  the  hills  close  in  on 
either  side  of  the  river,  and  give  the  only  opportunity  in  this  vicinity  for  a  high  dam.  Thence  down  stream  tbe 
east  bank  is  favorable  for  a  canal,  except  that  a  short  distance  above  the  station  a  brook  puts  in  from  the  east. 
Mills  would  naturally  be  located  on  that  side,  as  the  ground  is  suitable  and  the  railroad  near  at  hand. 

I  found  no  record  of  any  gaugings  on  the  Shetucket  river,  but  should  estimate  the  power  at  this  privilege 
as  below.  The  rainfall  on  the  basin  of  the  river  is  approximately  11  inches  in  spring,  13J  in  summer,  12  in  autumn, 
11  in  winter,  and  47^  for  the  year. 

Estimate  of  'poicer  at  Scotland  station. 


stage  of  river. 

Drainage 
area. 

Flow  per 
second,  (a) 

Theoretical  horse- 
power. 

Sq.  miles. 
[     bi20  i 

GuUcfeet. 
170 
210 
275 

1  footfall. 
19.3 
23.8 
31.2 

20feetfall. 
390 
480 
620 

Available  10  months,  average  year. . . 

a  Average  for  twenty-four  Iioum.    In  low  stages  the  flow  and  power  would  prohably  bo  doubled  for  twelve  hours  in  the  day. 
b  Above  MeiTick's  brook. 

At  South  Windham  the  river  bed  is  gravelly  and  covered  with  cobble-stones^  At  the  road  bridge,  which 
crosses  at  this  point,  there  is  quiet  water,  extending  perhaps  1,000  feet  still  farther  down  stream,  and  succeeded.by 
shoals  reaching  a  long  way  beyond.  Above  the  bridge  a  high  gravel  bluff'  rises  from  the  river  on  the  west  side,  and 
there  is  a  similar  one  on  the  east  side  several  hundred  feet  below  the  bridge;  elsewhere  the  banks  are  from  10  to  12 
feet  high  above  low  water,  and  succeeded  by  flat  or  gently  sloping  ground  for  some  distaifte  back.'  I  was  informed 
by  a  resident  of  the  village  that  the  design  was  to  locate  the  dam,  if  the  privilege  were  ever  improved,  opposite 
the  upper  bluff;  if  this  were  done,  I  should  say  tliat  an  embankment  of  considerable  length  would  be  required  on 
the  other  side  of  the  river.  As  regards  building  and  convenience  for  shipping,  the  privilege  is  finely  situated,  with 
abundance  of  ro6m,  and  two  railroads  close  at  hand. 


194 


THE  REGION  TRIBUTARY  TO  LONG  ISLAND  SOUND. 

Estimate  of  power  at  South  Windham. 


25 


Stage  of  river. 

Approxi- 
mate  drain- 
age area. 

Flow  per 
seconcl. 

(0) 

Theoretical  horse- 
po"wer. 

Low  water,  dry  year 

Sq.  miles. 
>     400     J 

Oubiefeei. 
160 
200 
260 

■[footfall. 
18.2 

29.5 

Zifeetfall. 
620 
770 
1,000 

Available  10  moutlia,  average  year  . . 

u.  Average  for  the  twenty-four  hours.    In  low  stages  the  flow  woiikl  probably  be  concentrated  within  twelve  hours,  and,  therefore,  doubled  for  that  time. 


TEIBUTAEIES  OF  THE  SHBTUCKET  EIVEE. 

THE   WILLIMANTIO   RIVER. 


The  main  river  has  a  length  of  21  miles,  measured  from  its  month  to  Stafford  Springs;  at  that  point  it 
di\-ides,  and  in  the  town  of  Stafford  is  made  up  of  several  small  streams,  some  of  them  rising  a  short  distance 
above  the  Massachusetts  line.  Its  entire  drainage  area  is  229  square  miles.  The  old  survey,  previously  mentioned, 
furnishes  the  only  figures  I  have  as  to  the  fall,  but  it  extended  only  a  short  distance  above  the  mouth.  Some  of 
the  localities  mentioned  in  the  survey  are  probably  no  longer  known  by  the  names  there  given. 


Fall  in  the  Loicer  WilKvtantio  river. 

[Survey  of  1825.J 


Section  of  river. 

Distance. 

FaU. 

Top  Fingley's  dam  to  cove  below  Lee's  tail-race. 

Thence  down  the  liver 

Thence  to  mouth  of  Byrne  &  Smith's  grist-mill 
tail-race,  including  paper-mill  fall        -.  . 

lioch. 
66 

54 

208 
606 

Ft.    In. 

18    9 

5    9 

46    3 

87    0 

Thence  to  junction  with  Xatchaug  (a) 

Total,  top  Finglcy's  dam  to  mouth 

034 

157    9 

a  Utilized  at  Willimantic. 

In  spring  there  is  a  heavy  run  of  ice  down  the  river,  and  gorges  sometimes  form  above  Willimantic.  The 
stream  is  rapid  to  rise  and  fall ;  its  drainage  slopes  are  in  general  steep,  underlaid  at  slight  depth  by  rock,  and 
shed  rains  quickly.  Even  in  the  driest  season  an  ordinary  summer  shower  will  start  water  running  over  the 
Willimantic  dams.  A  very  high  stage  of  water  seldom  lasts,  however,  more  than  three  or  four  days;  for  that  length 
of  time  during  the  year  some  trouble  is  met  in  the  reduction  of  head,  amounting,  'at  the  Windham  Company's  mill, 
to  perhaps  one-third  of  their  total  fall  of  13J  feet. 

Willimantic  is  the  principal  manufacturing  point  on  the  river.  The  borough  contains  between  6,000  and  7,000 
inhabitants,  is  finely  located,  mainly  on  the  right  bank  of  the  stream,  and  has  good  railroad  connections  by  several 
lines. 

The  river  is  here,  where  running  freely,  from  60  to  100  feet  wide,  and  presents  very  favorable  sites  for  dams. 
The  bed  is  composed  almost  entirely  of  rock  ledges,  showing  a  considerable  dip  to  the  south  and  southwest.  Where 
there  are  no  rock  ledges  the  bed  is  covered  with  bowlders.  The  north  bank  is  of  good  height,  steep  and  rocky; 
the  south  bank  is  less  abrupt,  and  all  the  mills  are  on  that  side.  The  surface  materials  in  this  section  are  quite 
variable;  there  are  many  ledges  of  rock,  granitic  in  comj)Osition,  but  with  the  constituents  very  coarsely  and 
unevenly  mixed.  Much  of  the  stone,  however,  is  of  better  quality,  and  resembles  ordinary  granite  in  general 
appearance,  but  is  softer,  and  answers  well  for  building.  Most  of  the  stone  used  for  the  buildings  and  dams  of  the 
Linen  company  was  obtained  either  on  the  iiremises  or  close  at  hand.  Bowlders  and  chips  of  granite  are  also 
found,  even  deep  beneath  the  surface,  and  large  "pockets"  of  sand ;  the  Linen  company  procured  sand  for  building 
purposes  upon  its  own  grounds. 

There  are  six  dams  across  the  river  at  Willimantic,  four  stone  and  two  framed.  The  mills  are  all  fine  structures 
of  stone,  and  are  located  at  the  ends  of  the  dams,  races  thus  being  dispensed  with.  Far  the  largest  concern  is  the 
Willimantic  Linen  Company,  which  owns  the  four  lower  privileges.  Its  dams  vary  in  length  of  roll-way  from  125 
to  225  feet.  Beginning  at  the  lowest,  the  falls  on  the  successive  privileges  are  16|^  feet,  22  feet,  11  feet,  and  13  feet 
7  inches.  The  total  rated  capacity  of  water-wheels  is  1,150  horse-power,  which  can  be  realized  about  nine  months  in 
the  year :  during  the  rest  of  the  time  steam  has  to  be  used  more  or  less.    Very  little  water  is  ponded  at  these  dams, 


26 


WATER-POWER  OF  THE  UNITED  STATES. 


and  the  Windham  company,  farther  up  stream,  is  relied  upon  to  hold  the  water  during  the  night  in  its  pond, 
which  is  of  good  size ;  this  it  is  able  to  do  for  about  four  months  in  the  year,  but  for  eight  months  water  wastes  over 
the  dam,  and  mucfi  of  the  time  both  day  and  night.  The  Linen  company  employs  1,500  hands  and  occupies  the 
following  principal  buildings :  ISo.  1  mill,  part  measuring  200  by  72  feet,  and  the  remainder  60  by  80  feet ;  bleachery, 
80  by  112  feet ;  dye-house,  140  by  70  feet;  main  mill,  407  by  70  feet;  storehouse,  150  by  70  feet;  Ko.  3  mill,  200  by 
40  feet;  No.  4  mill,  820  by  172  feet  (uses  650  horse-power  and  is  run  entirely  by  steam) ;  spool  shop,-150  by  40  feet. 
The  sole  manufacture  is  thread,  of  which  27,000  pounds  are  made  per  week,  from  ninety  to  one  hundred  bales  of  Sea 
Island  cotton  being  consumed  in  the  sauie  time. 

Ascending  the  river,  the  next  privilege  is  that  occupied  by  the  Smithville  Manufacturing  Company, 
manufacturers  of  cotton  sheetings  and  silesias  and  running  21,000  spindles.  Two  wheels,  aggregating  300 
horse-power,  are  run  under  11  feet  head.    The  company  also  owns  3  or  4  feet  of  unimproved  fall  below  the  tail  race. 

The  uppermost  privilege  at  Willimantic  is  that  of  the  Windham  Cotton  Manufacturing  Company,  established 
in  1822.  Eighteen  thousand  spindles  are  run  in  the  manufacture  of  print-cloths.  A  fall  of  about  13J  feet  is  used, 
with  water-wheels  of  300  horse-power  capacity. 

Summary  of  water-privileges  at  Willimantic. 


Company. 

Pall. 

Hor.se- 
po^ye^  of 
■wheels. 

Eemarts. 

Wmdliam  Cotton  Manufacturing  Com- 
pany. 

Smithville  Mannfactairing  Company  . . . 

Willimantic    Linen  Company  (upper 
privilege). 

Do 

Feet. 

14-15 
ISi'i: 

11 
22 
16i 

300 

300 
270 

220 
500 
160 

stone  dam,  roll-way  147  feet  long.    For  six  weeks  in  low  water  an  average  of  about  150  effective  horse- 
power is  realized. 

Eleven  feet  fall  in  use.    Employs  steam-power  in  addition  to  water  throughout  the  year. 

Stone  and  cement  dam.    Steam  used  as  auxiliary  power  in  low  water. 

Eramed  dam  with  inclined  braces.    Steam  as  auxiliary  power  in  low  water. 
Stone  and  cement  dam.    Steam  used  constantly  for  auxiliary  power. 
Framed  dam.    Water-power  alone  used. 

Do                

Do                

Two  important  storage  reservoirs  in  the  Hop  Eiver  basin  are  controlled  at  Willimantic.  Columbia  reservoir, 
flowing  282  acres,  is  controlled  by  the  Linen  company.  It  was  formed  by  raising  the  water-level  to  a  height  of  25 
feet  above  the  natural  water-surface  in  the  stream  at  the  dam;  it  will  admit  of  being  drawn  down  22  feet,  but  does 
•not  fill  regularly.  Bolton  reservoir  is  owned  jointly  by  the  three  Willimantic  manufacturing  companies  and  the 
Hop  Eiver  Warp  Company.  Its  flowage  is  roughly  estimated  at  500  acres;  it  fills  regularly,  and,  it  is  said,  can  be 
drawn  down  8  feet  from  full  water-line. 

Passing  above  Willimantic,  13  feet  fall  and  150  horse-power  are  used  by  the  Eagle  cotton-mill  at  Eagleville,  and 
at  Mansfield  and  Merrow's  Station  falls  of  10  feet  each  and  small  powers  are  also  in  use. 

From  Willimantic  to  Stafford  Springs  the  country  has  a  hilly  surface,  diversified  by  a  moderate  amount  of 
timber.  The  immediate  valley  varies  considerably.  In  some  places  it  is  narrow,  with  steep  rocky  slopes;  in  others 
wider,  with  a  long,  gradual  rise  to  the  summits  of  the  hills.  Narrow  strips  of  grass-land  border  the  stream  at 
intervals,  but  are  reported  to  be  not  very  valuable.  The  •stream  itself  is  small,  with  a  gravelly  bed,  and  shows  many 
riffles,  with  now  and  then  stretches  of  quiet  water.  Through -the  intervales  the  banks  are  low ;  elsewhere  they  are 
not  sharply  defined,  and  are  very  variable  in  slope  and  height.  The  New  London  Northern  railroad  follows  the  river 
closely.  There  is  considerable  unimproved  fall  between  Willimantic  and  Stafford  Springs  which  would  answer  for 
powers  of  moderate  size.  It  is  mainly  in  the  hands  of  farmers  owning  adjoining  land,  and  they  are  said  to  be 
reasonable  in  their  prices  and  anxious  to  have  improvements  made.  At  points  toward  Stafford  Springs  the  valley 
is  too  narrow  to  be  favorable  for  canals  or  buildings,  but  in  the  whole  stretch  of  river  considered  several  good 
privileges  could  doubtless  be  obtained. 


TRIBUTARIES   OP   THE   WILLIMANTIC   RIVER. 

Two  principal  branches,  which  for  convenience  may  be  termed  the  East  and  West,  unite  at  Stafford  Springs, 
Connecticut,  to  make  up  the  main  Willimantic  river.  Below  the  junction  Eawitser  Brothers  have  two  small 
privileges,  but  the  principal  manufacturing  is  on  the  branches.  The  East  fork  has  the  more  rapid  fall  and  is  much 
the  flashier  stream  of  the  two.  The  West  Las  a  broader  valley  and  carries  more  water;  after  a  rain  it  usually 
continues  to  rise  from  six  to  twelve  hours,  and  then  gradually  falls.  It  has  two  large  reservoirs  and  above  the 
junction  of  the  streams  from  Squa!re  and  Orcuttville  ponds  there  is  an  extensive  wooded  section  from  which  one  or 
two  well-sustained  little  brooks  proceed  that  materially  assist  this  branch.  Above  their  confluence  the  drainage 
areas  of  the  Bast  and  West  branches  are,  respectively,  20  and  36  square  miles. 

The  East  branch  has  a  narrow  valley  much  of  the  way,  with  steep  rocky  slopes,  and  while  it  continues  rising 
so  long  as  a  storm  lasts,  on  its  cessation  it  immediately  recedes  and  soon  sinks  to  its  former  volume.  Five  miles 
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above  Stafford  Springs  this  branch  is  supplied  by  a  reservoir  owned  by  the  Stafford  Water  Power  Company,  an 
association  of  mill-owners  who  hold  stock  in  proportion  to  the  amount  of  their  fall.  This  reservoir  contains  200 
acres,  and  can  be,  and  in  some  seasons  is,  drawn  down  20  feet  below  full  water-line ;  it  has  an  extensive  water-shed 
reaching  2  miles  or  more  away,  and  always  fills  in  spring.  For  two  or  three  months  the  reservoir  is  drawn  upon 
to  supply  the  stream,  but  for  the  remaining  time  the  natural  flow  alone  is  sufQcient. 

March  27,  1877,  the  old  reservoir  dam  gave  way,  carrying  with  it  all  the  dams,  eight  in  number,  and  bridges 
on  the  stream  below,  causing  a  loss  of  two  lives'  and  a  damage  estimated  at  $100,000.  The  dam  had  been  built 
under  the  charge  of  an  experienced  man.  Work  had  been  carried  on,  however,  through  the  winter,  when  the 
material  of  the  embankment  was  in  a  frozen  condition  ;  in  spring  it  became  soft,  and  a  heavy  rain  coming-  on  the 
whole  went  out. 

The  dams  on  this  branch  are,  in  Stafford  Spiings  at  least,  of  stone.  The  ponds  are  mainly  small  and  are  not 
relied  upon  for  much  storage,  the  flow  of  water  being  sufficiently  well  controlled  at  the  reservoir.  The  fall  seems 
to  be  about  all  taken  up.  There  are  mills  at  intervals  all  the  way  up  to  the  reservoir,  each  mill  clustering  around 
it  a  little  village  of  its  operatives.  The  volume  of  water  flowing  in  the  stream  is  small,  but  the  heads  obtained 
are  large ;  at  the  three  lower  mills,  at  least,  breast  and  overshot  wheels  are  used.  Water  is  usually  brought  to  the 
mills  through  races  several  hundred  feet  in  length  carried  along  the  side-hills.  The  upper  mills  have  to  transfer 
goods  and  material  to  and  from  Stafford  Springs  by  team.  The  village  has  a  population  of  about  2,100,  enjoys  fair 
shipping  facilities,  and  has  considerable  manufacturing  importance. 

Loiver  ^privileges  on  the  Hast  branch  at  Stafford  Springs. 


Company. 

FaU  em- 
ployed. 

Horse- 
power of 
wheels. 

Remarks. 

Feet. 
27 

25 
19 

26 

80 

100 
50-60 

84 

Lowest  privilege.    Stone  and  cement  dam  ;  roll-way  100  feet  long  and  22  foet  high,  -with  snpplement- 
ary  embankment  200  feet  long.    Small  pond;  race  800  feet  long;  breast- wheel  used,  and  can  generally 
be  ran  at  full  capacity  throughout  the  year ;  steam  for  auxiliary  power. 

Stone  and  cement  dam  about  25  feet  high ;  race  say  J  mile  long ;  worsteds  manufactured.';  two  overshot 
wheels  and  from  20  to  30  horse-power  of  steam  in  use. 

Power  located  rather  above  the  village;  company  mannfactures  cotton  w.arps  and  yarns,  employs  25 
hands,  and  runs  2,200  spindles ;  dry-stone  dam  with  gravel  backing,  built  in  1877  at  a  coat  of  $5,600; 
roll- way  100  feet  long,  17  feet  high ;  overshot  wheel  used. 

Two  or  three  miles  above  village ;  uses  turbine  wheel. 

The  areas  of  the  reservoirs  supplying  the  West  branch  cannot  be  definitely  given.  The  Orcuttville  reservoir 
is  roughly  described  as  about  three-quarters  of  a  mile  long  by  half  that  breadth,  and  Square  pond  as  nearly  a  mile 
each  way.  The  former  is  owned  by  the  Orcuttville  company,  using-  power  at  the  outlet.  It  is  reported  that  the 
company  has  the  right  to  raise  the  pond  2  feet  higher,  and  that  it  would  admit  of  being  raised  5  feet.  Square  pond 
is  a  natural  lake  raised  6  feet  by  a  dam,  and  can  be  drawn  down  7  or  8  feet.  It  is  owned  by  Messrs.  G.  Fox  &  Co., 
of  Stafford  Springs.  It  is  said  to  be  possible  to  raise  this  pond  8  feet  higher,  but  the  site  of  the  present  dam  has 
considerable  quicksand,  and  would  hardly  admit  of  a  higher  dam  in  safety,  without  an  excavation  down  to  rock. 
This  pond  is  fed  to  an  important  extent  by  large  springs  in  its  bed. 

The  lowest  improved  privilege  on  the  West  branch  is  that  occupied  by  the  7-set  mill  of  the  Mineral  Springs 
Company,  manufacturers  of  cassimeres.  This  company  has  14  feet  head,  uses  60  horse-power  of  water,  which  can 
be  realized  except  in  very  dry  seasons,  and  also  employs  75  horse-power  of  steam. 

Wangumbaug  lake  and  outlet. — This  lake  is  a  beautiful  sheet  of  water,  with  a  surface  variously  estimated  at  from 
400  to  600  acres.  It  lies  toward  the  center  of  the  town  of  Coventry,  Connecticut,  and  drains  easterly  by  a  short 
outlet  to  the  Wiilimantic.  The  drainage  area  of  the  lake  alone  is  perhaps  5  square  miles,  and,  including  the  outlet, 
not  more  than  7  square  miles.  Wangumbaug  lake  is  a  natural  pond  which  has  been  raised  by  a  dam.  It  can  be 
drawn  down  18  feet  from  high-water  line,  and  for  13  feet  below  that  line  has  a  large  flowage;  in  the  remaining  5 
fe^t  its  bottom  shelves  in  rapidly.  It  depends  largely  upon  springs  in  its  bed  for  water,  but  the  supply  from  all 
sources  is  insufficient  to  meet  the  demands  of  manufacturing,  and  the  reservoir  has  not  been  full  since  1872.  It 
would  admit  of  being  raised  still  further  than  at  present,  but  such  a  change  would,  of  course,  be  useless.  When 
visited,  in  August,  1882,  the  lake  was  furnishing  about  500  cubic  feet  per  minute,  and  was  drawn  down  to  within 
2  feet  of  low-water  mark.  By  a  decree  of  court  the  maximum  draught  on  this  lake  is  limited,  under  a  penalty  of 
$10,000,  to  720  cubic  feet  per  minute,  equivalent,  at  an  efficiency  of  70  per  cent.,  to  about  0.96  horse-power  per  foot 
fall.  . 

The  stream  which  runs  down  through  the  village  of  South  Coventry  is  entirely  dependent  upon  the  lake  for 
its  supply.  It  has  a  rapid  descent  of  250  feet,  in  the  2  miles  of  its  course,  from  low  water  in  the  lake  to  the 
Wiilimantic  river,  the  fall  being  greatest  toward  the  head.  Its  course  lies  through  a  narrow  and  beautiful  valley, 
in  which  there  is  a  succession  of  manufacturing  establishments  of  small  to  medium  size.  The  fall  is  nearly  all 
taken  up,  but  there  is  one  privilege  of  12  feet  fall  unimproved ;  there  are  also  one  of  12  feet  aod  one  of  18  feet, 
improved  but  unoccupied.  197 
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Water-privileges  on  Wangumhaug  outlet  (in  order  from  the  head). 


Occupied  by- 

Fall. 

Manufacture. 

Occupied  by— 

Fall. 

Manufacture. 

White  

Feet. 
14 
26 
18 

8 
14 

7 
30 
30 

Carriage-spokes. 

Shoddy. 

■Wool  extract. 

Silk. 

Silk. 

Metallic  cartridges. 

Woolens  (7  sets). 

Woolens  (2  sets). 

C.  H.  Kenyon  &Co... 
do 

Feet. 

13 

26 

12 

10 

12 
10-12 

18+ 

Flannels  (2 sets). 

Flannels  (5  sets). 

Privilege  unoccupied. 

Saw-mill  and  wood-working  shop. 

Silk. 

Privilege  unoccupied. 

Privilege  unoccupied ;  mill  burned. 

Tracy 

Parker 

Kingsbury  .-. 

■^TnflnT^ 

Gilboa 

Wood 

Eawitser  Bros 

The  eight  estahlishments  from  Tracy's  to  Kenyon  &  Co.'s  lower  mill  use  steam  as  auxiliary  power  in  lovr 
water.  The  time  during  which  a  full  supply  of  water  can  be  obtained  varies  so  greatly  in  different  years  that  no 
general  statement  as  to  its  duration  can  be  made.  Kenyon  &  Co.'s  experience  for  a  single  year  was  as  follows: 
in  1881,  ran  by  water  till  September;  then  shut  off  water  entirely' till  January,  1882  ;  then  had  nearly  enough  water 
all  the  time  up  to  August.  The  ponds  along  the  outlet  are  of  no  importance  ;  Kenyon's  pond  is  as  large  as  any 
but  would  not  supply  the  mill  more  than  two  hours.  Teaming  has  to  be  done  between  the  mills  and  the  IS&w 
London  Northern  railroad  at  the  mouth  of  the  stream  ;  a  spur  track  might,  however,  it  is  thought,  be  run  u^)  the 
valley  to  the  lower  mills,  and  would  thus  diminish  the  length  of  haul. 

-Hop  river  joins  the'  "Willimantic  from  the  west  3  miles  above  the  Natchaug.  It  has  a  drainage  area  of  50  square 
miles  at  Andover,  and  a  total  of  75  square  miles  above  its  mouth,  the  area  lying  entirely  in  Tolland  county.  From 
Hop  River  station  to  the  mouth,  some  3  miles,  the  immediate  valley  is  rather  flat,  and  the  stream  usually  bordered 
by  a  strip  of  meadow  grass-land.  Farther  back  rise  hills  of  good  height,  moderately  timbered  with  a  young  growth. 
The  iN'ew  York  and  New  England  railroad  follows  the  river,  and  is  frequently  close  beside  it. 

The  stream  itself  is  from  50  to  75  feet  wide  in  its  lower  course,  and  consists  of  a  succession  of  rather  sluggish 
pools  joined  by  gravel  shoals ;  in  the  pools  the  bed  is  muddy  or  sandy,  and  the  adjoining  banks  are  of  the  latter 
nature  and  a  few  feet  in  height  above  low  water.  The  river  rises  rapidly  after  rains,  and  then  falls  away  more 
gradually;  the  ordinary  fresbet-rise  at  Hop  Eiver  station  is  perhaps  4  feet.  Although  from  this  point  down  the 
benefit  is  received  both  of  the  Columbia  and  the  Bolton  reservoirs,  previously  described,  the  volume  sinks  very  low 
in  the  dry  season.  It  is  considered,  however,  that  by  raising  the  level  of  the  Bolton  reservoir  the  capacity  of  the 
stream  could  be  substantially  increased. 

The  "Willimantic  Linen  Company  owns  20  feet  fall,  extending  up  from  the  mouth,  and  holds  it  rather  to  protect 
its  own  water-power  interests  at  Willimantic  than  for  actual  development.  The  only  factory  on  Hop  river  is  that 
of  the  Hop  Eiver  Warp  Company,  William  C.  Jillson  proprietor,  about  3  miles  from  the  mouth;  15  feet  fall  is  used 
there,  and  75  horse-power,  which  can  be  realized  about  nine  months  in  an  average  year;  for  the  rest  of  the  time 
not  more  than  from  one-half  to  three-quarters  of  that  amount  is  obtained. 

The  Ifatchaug  river. — This  stream  unites  with  the  Willimantic,  to  form  the  Shetucket,  somewhat  below  the 
borough  of  Willimantic,  and  below  all  the  mill  privileges  there.  Its  sources  are  in  the  towns  of  Union  and 
Woodstock;  its  basin  includes  an  area  of  171  square  miles,  lying  mainly  in  the  western,  part  of  Windham  county. 

Fall  in  the  lower  N'atehaug  river. 

[Survey  of  1825.] 


Section  of  river. 

Distance. 

FaU. 

Top  of  Swift's  dam  to  foot  of  falls  below  mill.  - 

Mods. 
22 
360 

88 

82 

454 

Ft.    in. 

17      3 

12      3 

3      9 

3      8 

14  '  8 

Do 

Do  

Totalfrom  top  of  Swift's  dam  to  mouth-. 

1,012 

51      7 

The  Natchaug  is  used  considerably  for  small  manufacturing,  but  its  resources  have  not  been  thoroughly 
developed,  and,  as  will  be  seen  later,  its  reservoir  capacity  could  be  largely  increased.  One  disadvantage  to  its 
use  for  power  is  that  it  is  not  very  conveniently  reached  by  any  line  of  railroad.  It  runs,  in  its  lower  course  at 
least,  through  a  hilly  country,  well  wooded,  slightly  cultivated,  and  sparsely  settled.  -  Its  valley  is  comparatively 
narrow,  and  is  a  succession  of  intervales,  between  which  the  hills  approach  close  to  the  water.  The  meadows  of 
these  intervales  serve  as  grass-land  of  rather  poor  quality. 
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The  fall  is  moderate,  and  is  mostly  made  up  of  shoals,  commonly  located  in  the  narrows  between  the 
intervales,  while  through  the  latter  the  flow  is  sluggish.  The  bed  is  variously  composed  of  ledge  rock,  loose  rocks 
or  bowlders,  gravel,  mud,  and  sand,  the  two  latter  materials  in  the  sluggish  reaches.  At  Mansfield  Hollow  the 
stream  falls  abruptly  over  ledges  of  gneiss  rock,  which  has  also  been  quarried  in  the  banks  and  used  in  the 
construction  of  a  new  mill. 

At  North  Windham  the  Natchaug  is  60  or  70  feet  wide.  Tlie  couiitiy  which  it  drains  seems  to  be  well  supplied 
with  springs,  and  water  is  readily  obtained  by  wells ;  nevertheless  the  stream  is  at  present  very  unsteady ;  it 
rises  rapidly,  and  at  times  a  heavy  rain  will  cause  it  to  overflow  the  banks  in  twelve  hours.  Heavy  freshets  occur 
in  spring,  when  the  river  submerges  its  banks  and  sometimes  spreads  out  nearly  a  mile  in  width  at  favorable  points, 
covering  the  valley  from  hill  to  hill.  Cake-ice  does  not  commonly  cause  much  damage,  still  it  is  often  thrown  out 
on  the  flats  in  large  amounts,  and  in  some  places  gorges  and  chokes  up  the  stream. 

Near  the  mouth  of  the  Natchaug  the  Willimantic  Linen  Company  owns  10  feet  of  unimproved  fall.  The  first 
improved  power  in  ascending  the  river  is  at  Mansfield  Hollow,  and  is  occupied  by  the  ^Slational  Thread  Company, 
which  takes  skein  thread  from  various  factories  in  Massachusetts  and  Rhode  Island  and  puts  it  up  ready  for  market. 
Goods  must  be  transported  4  miles  by  team  to  and  from  AVillimantic,  bat  this  is  not  considered  a  serious 
disadvantage,  the  expense  of  cartage  being  not  more  than  6  or  7  cents  per  hundred  pounds.  The  river  at  this  point 
descends  in  a  short  distance  17  or  18  feet  over  rock  ledges.  At  the  head  of  the  falls  is  a  curved  stone  dam,  forming 
a  small  pond  above  which  would  not  supply  the  mill  more  than  three  hours.  The  head  actually  used  is  14  feet, 
with  60  horse-power  of  wheels ;  this  amount  of  power  can  be  obtained  throughout  some  years,  while  for  two  months 
.in  others  not  more  than  half  as  much  can  be  realized.  In  the  summer  of  1882  a  fine  new  stone  mill  was  erected, 
three  stories  hi^h,  and  measuring  155  by  52  feet  in  plan. 

The  next  privilege  is  occupied  by  a  small  shoddy-mill  at  North  Windham,  having  a  low  dam  and  a  few  feet 
fall.  A  short  distance  above,  ]\Iessrs.  E.  H.  Hall  &  Son  have  a  mill  at  which  they  manufacture  thread  in  skeins, 
though  they  do  not  put  it  up  for  market.  The  dam  rests  on  a  rock  ledge,  and  is  a  stone  and  cement  st^'ucture 
with  a  roll-way  200  feet  long.  The  pond  is  large,  extending  a  mile  up  stream,  with  an  estimated  average  width  of 
300  feet.  A  fall  of  11  feet  is  used,  and  a  60  horse-power  wheel,  soon  to  be  reijlaced  by  one  of  93  horsepower. 
Sixty  horse-power  can  generally  be  realized  nearly  all  the  year;  for  two  months  the  whole  floM'  of  the  stream  can 
be  ponded  at  night,  while  for  ten  months  there  is  a  waste  over  the  dam,  and  most  of  that  time  both  night  and  day. 

At  Chaplin,  3J  miles  above  North  Windham,  there  are  four  dams,  with  power  used  by  two  saw-  and  grist-mills, 
a  paper-mill,  and  a  pulp-mill.    There  are  also  several  small  mills  in  Eastford,  still  farther  up  stream. 

In  the  lower  part  of  the  river  there  is  thought  to  remain  not  much  available  fall.  Two  miles  above  North 
Windham  26  feet  could  be  secured,  with  a  large  storage,  as  will  be  seen  later,  and  at  Chaplin  there  is  15  feet 
of  fall  unimproved.    The  power  at  these  i^oints  may  be  estimated  as  below: 

Estimate  of  poicer  available  near  Chaplin. 


Stngo  of  riTer. 

DraiDage 
area. 

Flow  per 
secoDtl, 
average 

for  the  24 
hours. 

1 
Theoietical  horse-power. 

Sq.  Tniles. 
■     70-80  I 

Cubic  feet. 
15 

2.) 
40 

1  foot  fall. 
1.7 
2.8 
4.5 

15feetfall. 
25 
40 
70 

Ih  feet  fall. 

40 

70 

110 

Low  water,  average  year 

Available  10  months, average  year. . . 

Two  reservoirs  at  present  supply  the  Natchaug  in  the  dry  season — Crystal  lake  and  Eastford  reservoir.  The 
former  is  a  natural  pond  raised  by  a  low  dam,  and  is  controlled  by  Kenyon  Brothers,  of  Woodstock  Valley  ;  it 
contains  200  acres,  and  can  be  drawn  down  7  feet.  Eastford  reservoir  flows  200  acres,  and  can  be  drawn  down  14= 
feet;  it  is  owned  by  E.  H.  Hall  &  Son,  of  North  Windham,  and  is  sufficient  to  keep  up  the  supply  at  their  mill  for 
six  or  eight  weeks  in  low  water. 

It  is  said  that  the  reservoir  capacity  of  this  river  can  be  substantially  increased,  and  in  particular  at  the 
localities  mentioned  below;  any  improvements  of  this  kind  would  benefit  not  only  the  Natchaug,  but  the  entire 
coarse  of  the  Shetucket: 

(a)  In  the  vicinity  of  Crystal  lake  a  branch  of  the  main  river  can  be  dammed  and  a  large  reservoir  formed, 
into  which  Crystal  Lake  outlet  would  empty.  It  is  roughly  estimated  that  the  combined  flowage  of  Crystal  lake 
and  this  new  reservoir  would  be  from  1,300  to  1,500  acres — certainly  a  large  amount  if  realized — and  that  at  least 
6  inches  of  water  could  be  assured  at  all  times  on  Hall's  dam  at  North  Windham. 

(&)  In  the  northwest  part  of  Chaplin  a  reservoir  of  200  acres  could  be  secured.  The  combined  expense  of 
constructing  this  and  the  one  near  Crystal  lake,  including  flowage  and  dams,  is  placed  at  ^30,000  or  $40,000. 

(c)  Two  miles  above  North  Windham,  on  the  main  river,  at  an  expense  of  not  over  $2,500,  250  acres  could  be 
flowed,  with  a  maximum  depth  of  25  feet.  199 
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Othee,  tributaries  of  the  Shetucket  above  the  QuiwEBATJGr. — Little  river  is  a  small  stream  joining 
the  Shetucket  from  the  left  immediately  below  the  Occum  dam,  and  draining  41  square  miles.  Its  only  reservoirs 
are  those  formed  along  its  course  by  dams  at  which  power  is  used,  but  it  is  stated  that  there  are  good  facilities  for 
storage  in  its  upper  waters ;  at  present  it  does  not  furnish  much  power  exceiit  for  a  few  months  in  the  year. 

The  first  privilege,  a  short  distance  above  the  mouth,  is  owned  by  Messrs.  L.  M.  Heery  &  Co.,  manufacturers 
of  cassimeres,  worsteds,  and  suitings.  They  run  16  sets  of  cards  and  5,640  spindles.  Wheels  are  used  aggregating 
about  175  horse-power,  with  a  fall  of  15  or  16  feet ;  these  can  be  run  at  fall  capacity  four  or  five  months  in  the  year, 
but  during  the  remainder  steam  is  used  as  auxiliary  power. 

Half  a  mile  above,  the  Eeade  Paper  Company  has  a  pulp-mill,  with  12  feet  fall  and  75  horse-power ;  and  an 
equal  distance  still  farther  up  stream  a  paper-mill,  with  21  feet  fall  and  104  horse-power.  During  the  severe  drought 
of  August,  1882,  there  was  being  realized,  at  the  upper  privilege,  24  horse-power  twenty-four  hours  in  the  day. 
There  are  one  or  two  woolen  mills  farther  up  stream,  and  5  miles  above  the  power  last  described  the  Eeade 
company  owns  and  holds  for  sale  an  unoccupied  privilege  haying  a  good  stone  dam,  14  feet  fall,  and  two  turbine 
wheels. 

THE    QUINEBAUG   RIVER. 

This  stream,  the  most  important  tributary  of  the  Shetucket,  may  be  said  to  have  its  origin  in  the  town  of 
Brimfield,  in  southern  Massachusetts,  although  it  receives  there  a  number  of  small  brooks  from  adjoining  towns. 
Flowing  southeasterly  through  the  towns  of  Sturbridge,  Southbridge,  and  Dudley,  it  enters  Connecticut,  and  runs 
southerly  through  the  eastern  part  of  Windham  couuty  ;  passing  into  the  northern  part  of  Few  London  county,  it 
joins  the  Shetucket  3  miles  above  the  mouth.  It  has  a  length  of  49  miles  below  Southbridge,  and'  a  total  length  of 
60  miles  measured  from  the  mouth  of  Mill  brook,  in  the  town  of  Brimfield,  to  its  own  mouth.  Its  drainage  area 
includes  725  square  miles.  Tor  the  fall  on  this  river  the  only  source  of  information  is,  again,  the  old  survey  which 
has  been  referred  to  in  connection  with  the  Shetucket. 


Fall  in  the  lower  Qiiinebaug  river. 

[Survey  of  1825.] 


Section  of  river. 

Distance. 

Pall. 

Eemarks. 

From  top  of  Danielson's  old  dam,  4  rods  aliove  Killingly 
bridge,  to  Pierce's  Tjridge,  between  Brooklyn  and  Plain- 
field. 

Tbence  down  stream  to  mouth  of  Packer- an d-Lester  or 
Vamuin's  brook. 

Sods. 
1,448 

2,501 

1,922 
1,171 

688 
850 

Ft.  In. 
52    11 

28      8 

26      3 
15      1 

38      3 
19      5 

Fall  now  improved  by  dams. 

A3  nearly  .is  may  he  estimated,  ahout  3  feet  of  this,  next  below  Pierce's  bridge,  is 
taken'  up  by  the  Wauregan  mill-privilege.    With  this  assumption  the  fall 
from  the  top  of  the  Danielsonville  dam,  as  claimed  for  the  improved  privileges, 
amounts  to  about  2  feet  more  than  as  shown  by  survey ;  possibly'  due  to 
flash-boards  or  other  increase  in  height  of  crest  of  the  Danielsonville  dam  since 
the  time  of  the  survey.    Deducting's  feet,  there  remains  25  feet  8  inches,  con- 
stituting what  is  known  as  the  "Packer"  or  "Canterbury"  privilege,  which 
is  unimproved. 

Unimproved. 

The  tail-race  from  Slater's  mill  on  the  Pachaug  is  stated  to  take  up  2  feet  4 
inches  of  this  fall ;  the  remainder  is  unimproved. 

TTnimproved. 

Owned  and  improved  by  Norwich  Water  Power  Company,  which  is  also  said 

Thence  down  the  Shetucket  river  to  tide- water  at  Norwich 

Total  fall  from  top  of  Danielson's  dam  to  tide-water  in 
the  Shetucket. 

8,680 

180      7 

Although  the  descent  of  the  river  is  moderate,  amounting  to  less  than  7  feet  per  mile  for  the  distance 
above  mentioned,  it  is  sufficient  to  carry  off  freshet  waters  promptly  and  prevent  serious  hinderance  to  the  mills 
from  backwater.  They  all  suffer  slightly  from  a  temporary  reduction  of  head  during  freshets,  but  an  extremely 
high  stage  seldom  lasts  more  than  half  a  day,  aud  only  in  rare  cases  renders  necessary  a  stoppage  of  workj  the 
Monohansett  mill  at  Putnam  has  been  shut  down  by  backwater  only  once  in  ten  years.  The  large  number  of 
storage  reservoirs  aud  mill-ponds  in  the  Quinebaug  basin  holds  back  the  water  of  storms  and  melting  snows,  and 
very  much  modifies  the  violence  of  freshets.  The  ordinary  freshet-rise  where  the  river  is  running  freely,  below 
the  dams,  throughout  the  length  of  the  Quinebaug,  does  not  exceed  from  3  to  6  feet,  and  only  in  extraordinary  cases 
does  it  amount  to  8  or  9  feet.  At  Wauregan  the  highest  rise  in  four  years  previous  to  1882  was  5^  feet.  Steam  is 
in  common  use  as  auxiliary  power  during  periods  of  low  water,  at  various  points  both  on  the  Quinebaug  and  on  its 
tributaries.  The  necessity  for  this  has  not  arisen  from  any  inferiority  in  these  streams  as  compared  with  streams 
in  general,  nor  does  it  seem  to  be  due  to  a  gradual  failure  of  the  water-courses  from  the  cutting  of  timber,  but 
rather  to  greater  demands  having  been  made  than  the  low-water  capacity  of  the  streams  was  calculated  to  meet. 
Doubtless  the  natural  dry-season  flow,  if  that  could  be  determined,  would  be  found  less  now  than  fifty  years  ago, 
owing  to  the  clearing  of  timber  and  the  drainage  of  swamps ;  but  that  diminution  is  disguised  and  has  been  overcome 
by  the  extensive  building  of  storage  reservoirs.    Although  these  improvements  have  been  of  great  benefit  in 
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sustaining  the  streams,  mill-owners  have  gone  on  adding  to  the  machinery  in  their  mills,  and  driving  it  all  at  greater 
speed  than  formerly,  until  they  have  outstripped  the  capacity  of  their  water-privileges  for  furnishing  constant 
power. 

Tt  would  he  of  interest  to  be  able  to  give  a  complete  list  of  all  the  storage  reservoirs  in  the  Quinebaug  basin, 
with  their  areas  accurately  determined,  but  the  latter,  at  least,  is  impracticable ;  many  of  the  reservoirs  are  natural 
ponds  which  have  been  raised  and  whose  areas  have  not  been  measured.  Such  maps  as  could  be  obtained  are 
rather  old,  and  either  do  not  show  many  of  them  at  all,  or  else  represent  them  with  areas  very  different  from  what 
they  now  have.  It  has  been  necessary,  therefore,  to  rely  in  many  cases  upon  estimates  of  their  size ;  in  doing  so 
the  best  authority  has  been  sought — that  of  those  owning  or  controlling  the  reservoirs  and  presumably  familiar 
with  their  capacities.  The  following  table  presents  the  results  of  these  inquiries  ;  it  may  be  relied  upon  as  including 
all  the  more  important  storage  reservoirs  tributary  to  the  Quinebaug,  and  as  giving  the  areas  of  most  with  tolerable 
accuracy : 

Principal  storage  reservoirs  in  the  Quinebaug  liasin. 


i^aine. 

Locality  (town). 

Approximate 
area. 

Stream  supplied. 

Kern  arks. 

Acres. 
900-1,  000 
1,  000-1,  200 

100 

100 

600-700 

123 
75 

200 
60 
65 

100 
30 

1             1, 500 

Eastern  part  of  Voluntown,  Connecti- 
cut. 

Xortbern  part  of  Xoitb  Stonington, 
Connecticut. 

do 

do 

Are.i  e.stimated. 

UDOCcniiien  privilege  on  Moosup  river 
ownisl  l(y  Aldrich,  Milner,  &  Gray; 
arcfi  estimated. 

Northeastern  part  of  Plninfield,  Con- 
necticut. 

Oneco,  Connecticut 

do 

do           

Uuoccnpied  privilege. 
Area  estimated  roughly. 

On  Quinebaug,  above  Wauresan,  Con- 
necticut. 

Eastern  part  of  Killingly,  Connecticut 

Killingly,  Connecticut 

Quinebau*'  river    

Edy  reservoir 

....  do 

Do. 

do 

do 

Area  by  survey. 

do 

do 

do 

do 

Do 

Wakefield  pond                i 

Eastern  part  of  Thompson,  Connecti- 
cut. 

Do. 

\ 

Keach'a  reservoir 

Northwestern  part  of  Killingly,  Con- 
necticut. 

Easternpart  of  Woodstock,  Connecti- 
cut. 

Easteni  part  of  Dudley,  Massachusetts 

Webster,  Massachusetts 

210 

86 

r                  93 

25 

<                  34 

44 

I                  83 

1,300 

100 

125 

240 

100 

125 
400 
142 

153 
225 
445 
100 
100 
40 
200 

73 

139 

Short  stream  to  Quinebaug 

Woodatock  pond 

Do. 

Haydenpond 

Small    stream    emptying   into 

■    French  river  and  used  for  power 

by  the  Stevens'  Linen  Works. 

Larned  pond 

Peter  pond 

Areas  by  survey. 

Chaubunagungamaug  Take 

Bobinson  pond 

Oxford  and  Sutton,  Massachusetts. . . 

do    

Sacarap  reservoir 

Charlton  or  Granite  reservoir 

PiRrpnnt.  Mp.nfln^  pond  .....     .. 

Charlton,  Massachusetts 

Northeastern  part  of  Dudley,  Massa- 
chusetts. 

Charlton  and  Oxford,  Massachusetts. . 

do 

do 

do 

.  Areas  as  given  by  H.  N.  Slater,  esq., 
president  Slater  Woolen  Company. 

Platte  pond 

Styles'  reservoir   

do 

Burncoatpond 

Western  part  of  Leicester,  Massachu- 
setts. 

Leicester  and  Spencer,  Massachusetts 

Union  (northeastern  part),  Connecticut 

Holland,  Massachuseitts 

do 

do 

ripda^'  MfififloTv  pnjid              .... 

Mashapang  pond 

Holland  pond 

(1a 

* 

Sturbridge,  Massachusetts    

do 

do 

Areas  as  stated  by  Hamilton  Woolen 
Company,  which  controls  the  res- 
ervoirs. 

Walker  pond 

Hatchet  pond 

do 

Northwestern  part  of  Sturbridge,  Mas  ■ 
eachusetts. 

Eastern  part  of  Brimfleld,  Massachu- 
setts. 

Western  part  of  Sturbridge,  Massa- 
chusetts. 

do 

do 

Area  by  survey. 
Do. 

Long  pond 

Do. 

Total 

9, 443-9, 843 

Total  number  of  reservoirs  in  this  liat^ 
thirty-nine. 
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It  is  safe  to  say  that,  in  round  numbers,  there  are  now  about  forty  reservoirs  in  the  basin  of  the  Quinebaug, 
covering  an  aggregate  surface  of  9,000  or  10,000  acres,  exclusive  of  the  storage  in  ordinary  mill-ponds  along  the 
streams  where  power  is  in  constant  use.  Large  as  this  development  has  become,  there  is  j^et  opportunity  for 
consid.erable  increase  in  storage,  though  mainly  in  the  lower  basin.  The  areas  drained  by  the  Pachaug  and  Moosup 
still  offer  favorable  sites  for  extensive  reservoirs,  but,  so  far  as  can  be  learned,  they  are  the  onlj'  sections  that  do 
offer  such  sites.  The  Five-Mile  Eiver  and  Whitestone  Brook  basins  seem  to  be  thoroughly  developed  as  regards 
storage.  It  is  stated  on  good  authority  that  there  are  no  opportunities  for  substantial  increase  of  reservoir  capacity 
about  the  headwaters  of  the  main  Quinebaug.  As  for  French  river,  H.  K".  Slater,  esq.,  of  Webster,  a  gentleman 
probably  more  familiar  than  any  other  with  the  stream  itself  and  the  country  it  drains,  is  of  opinion  that  the 
aggregate  capacity  of  the  present  reservoirs  might  be  increased  10  or  15  per  cent.,  but  that  any  greater  increase, 
and  especially  the  building  of  any  more  reservoirs,  is  out  of  the  question — they  would  not  fill  if  built. 

Desceiption  op  water-powees. — There  is  undoubtedly  no  other  locality  in  extreme  southern  'New  England 
where  there  is  so  much  well-situated  and  valuable  water-power  unimproved  as  within  a  dozen  miles  of  ]Srorwich. 
The  two  privileges  on  the  Shetucket  below  Willimantic  have  already  been  described,  and  now,  taking  up  the 
Quinebaug,  there  are  four  valuable  undeveloped  powers  in  succession  to  be  noticed  as  we  ascend  that  stream,  before 
we  meet  a  single  one  that  is  imj)roved.  Probably  it  is  the  very  fact  that  they  are  large  and  valuable  that  has 
prevented  their  being  taken  up  for  manufacturing  purposes.  The  tributaries  of  the  Thames,  and  especially  the 
Quinebaug  and  its  affluents,  have  become  established  and  of  great  importance  as  cotton-manufacturing,  and,  to  a 
less  degree,  as  woolen-manufacturing  streams.  The  development  of  the  privileges  alluded  to  would  verj-  likely  be 
for  the  former  industry;  but  the  improvement  of  such  large  powers  for  cotton  manufacturing  would  imply  the 
outlay  of  a  great  amount  of  money,  and  it  is  only  at  considerable  intervals  that  enterprises  of  such  magnitude  are 
undertaken.  Nevertheless,  it  is  generally  considered  that  it  is  the  large  powers  which  are  most  profitably  improved, 
and  it  is  to  such  that  the  most  attention  seems  now  to  be  given  in  IsTew  England.  It  is  probably  only  a  question 
of  time  as  to  the  development  of  the  fine  water- xirivileges  in  the  vicinity  of  iSTorwich;  they  are  now  in  the  hands  of 
wealthy  jjarties  who  appreciate  their  value,  and  who  are  not  disposed  to  sell  except  at  favorable  prices. 

From  the  mouth  of  the  Pachaug  to  tide-water  in  the  Shetucket  there  is  a  fall  of  72  feet  9  inches ;  of  this,  2  feet 
4:  inches  are  taken  up  by  the  tail-race  of  John  F.  Slater's  mill  on  the  Pachaug;  the  Norwich  Water  Power  Company 
covers  19  feet  5  inches,  and  claims  another  foot;  there  remain,  then,  50  feet  of  available  unimproved  fall  between 
the  top  of  the  Greeneville  dam  and  the  foot  of  Slater's  tail-race.  These  50  feet  are  divided  between  what  are  known 
as  the  "  Tunnel"  and  "Bunda  Hill"  privileges.  The  latter  privilege  is  owned  by  the  heirs  of  the  late  Eobert  G. 
Shaw  and  by  Messrs.  A.  Lockwood  Danielson,  J.  De  Forest  Dauielson,  and  A.  D.  Lockwood,  the  last  named 
gentleman  of  Providence.  The  fall  is  stated  to  be  about  15  feet.  The  Tunnel  privilege  is  owned  by  the  Shetucket 
Manufacturing  Company,  of  Norwich,  and  includes  the  remainder  of  the  fall,  amounting  under  the  above  assumptions 
to  35  feet.  Its  name  comes  from  the  fact  of  the  principal  falls  being  near  a  short  tunnel  on  the  Norwich  and 
Worcester  railroad. 

Passing  up  the  Quinebaug  from  the  point  where  it  joins  the  Shetucket,  its  width  quickly  contracts  and  rapids 
begin.  In  the  lower  halfmile  there  is  a  descent  of  19  feet,  and  from  opposite  the  tunnel  for  1,000  feet,  more  or 
less,  the  river  rushes  down  through  a  narrow  rocky  gorge.  Along  the  west  bank  is  the  railroad,  25  or  30  feet 
above  the  river,  and  supported  by  a  heavy  retaining-wall.  The  east  bank  rises  with  a  steep  rocky  slope  from  the 
water,  the  ascent  becoming  rather  more  gentle  in  the  last  few  hundred  feet  above  the  river's  mouth.  Immediately 
above  the  tunnel  the  stream  widens  out  and  a  continuous  shoal  stretches  steadily  up  its  course;  the  east  bank  now 
rises  more  gradually  than  in  the  narrows,  and  appears  much  more  favorable  for  canal  and  building  improvements. 
The  general  character  of  the  stream  and  its  banks  then  continues  without  great  change  ui)  to  Jewett  City. 

The  Tunnel  power  might  be  improved  either  as  a  whole  or  by  dividing  it  into  two  privileges.  In  either  case  it 
would  be  impracticable  to  build  a  dam  of  sufficient  height  in  the  narrows,  as  it  would  cause  overflow  of  the  Norwich 
and  Worcester  railroad  during  freshets.  If  the  pri\'ilcge  were  improved  in  one  fall,  a  dam  would  have  to  be  located 
above  the  narrows  and  water  brought  down  in  a  canal;  if  it  were  divided,  two  dams  would  be  required,  one  above 
and  the  other  below  the  narrows.  A  magnificent  power  could  be  obtained  by  combining  in  one  the  entire  50  feet  • 
of  fall  belonging  to  the  Tunnel  and  Bunda  Hill  privileges;  a  dam  would  have  to  be  located  at  some  point  up-stream, 
and  a  long  canal  run  down  the  east  bank.  A  canal  of  much  length  would  probably  encounter  considerable  ledo-e 
rock,  especially  at  the  narrows,  but  much  of  the  material  excavated  could  be  used  in  building  the  mills.  It  is 
considered  by  good  judges  that  the  development  of  the  50  feet  fall  in  this  manner  would  furnish  power  sufficient  to 
drive  from  250,000  to  300,000  cotton  spindles,  according  to  the  number  of  yarn  spun,  and  if  it  were  so  utilized  would 
build  up  a  village  of  5,000  or  6,000  inhabitants,  and  add  largely  to  the  value  of  adjoining  land.  The  mills  and 
village  would  need  to  be  located  on  the  east  side  of  the  Quinebaug ;  they  would  be  within  3  miles  of  tide- water 
but  the  site  has  the  present  disadvantage  of  being  without  any  railroad,  the  Norwich  and  Worcester  road  lying 
across  the  river. 

No  gaugings  of  the  Quinebaug  could  be  learned  of,  but  the  power  at  these  privileges  may  be  estimated  as 
follows : 
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Estimate  of  power  at  Tnnnel  and  Bxinda  Hill  prirUeges. 

[Buutla  Hill  nssumed  at  15  iVut,  aud  Tunnel  at  35  feet.] 


Stage  of  river. 


Drainage 


Lowwater,  dry  year 

Low  water,  avcraiie  year 

Available  10  mouths,  average  year. 


Sq.  miles. 

11    ..  1 


:-Jj 


Flow  por 
.second, 

averaixo 
for  tlip"24 
liour.s.  (a) 

Cuhie  feet. 
310       j 
360 

4.5.-J         ' 


Theoretical  Lorsc-powcr. 


1  footfall. 
35.2 
40.9 
51.7 


ir.f'etfall. 

35  feet  fall. 

530 

1,230 

010 

1,430 

780 

1,810 

50  feet  fall. 
1,700 
2,050 
2,590 


u  In  low  stages  of  the  rivm-  the  flow  could  probably  be  doubled  for  twelve  hours  in  the  day. 
Note.— The  rainfall  on  the  basin  of  tlio  Qiiiueliaug  is  11  iuehes  in  spring,  12  in  summer,  11  in  autumn,  11  in  winter,  and  45  for  the  year. 

The  next  power  on  the  river  is  situated  at  Jewctt  City,  a  little  way  above  the  mouth  of  the  Pachaug.  It  is 
commonly  called  the  "Jewett  City  "  privilege,  and  is  owned  by  Mr.  Charles  Johnson,  of  ISTorwich.  In  location  and 
convenience  of  development  it  is  undoubtedly  superior  to  any  other  unimproved  privilege  on  the  Quinebaug  or 
Shetucket.  Jewett  City  is  an  old  established  manufacturing  village,  with  stores,  churches,  and  schools,  and 
contains  the  extensive  cotton-mills  of  Mr.  John  F.  Slater  and  the  Ashland  Cotton  Company,  run  by  power  from 
the  Pachaug.  The  Norwich  and  Worcester  Eailroad  station  is  less  than  a  (joarter  of  a  mile  from  the  falls,  and 
the  track  runs  within  a  few  hundred  feet  of  them.  The  falls  are  caused  by  a  chain  of  partly  submerged  rocks 
extending  across  the  river,  over  which  there  is  an  abrupt  pitch  of  a  couple  of  feet;  rapids  also  extend  for  some 
distance  farther  down  sti'eam.  Above  the  falls  there  is  smooth  water,  though  apparently  with  a  good  current, 
the  adjoining  banks  wooded  aud  of  moderate  height.  Within  150  feet  of  the  falls  the  west  bank  becomes  steep, 
and  is  perhaps  oO  feet  high ;  it  continues  thus  for  several  hundred  feet,  past  the  falls,  and  then  becomes  more 
gentle,  the  hills  receding.  The  east  bank  has  an  easy  slope  all  the  way  jiast  and  below  the  falls.  Where  these 
occur  the  main  channel  of  the  river  is  probably  not  more  than  100  feet  wide ;  a  low  rooky  island  extends  a  short 
distance  up  and  down  stream,  and  lies  within  a  few  feet  of  the  west  shore.  Opposite  the  lower  part  of  the  i.sland 
there  rises  abruptly  on  the  east  shore  a  mass  of  ledge  rock  10  or  12  feet  high  above  the  water,  reaching  75  feet 
along  the  stream  and  25  feet  inshore.  Inside  of  this  ledge  a  rocky  slope  with  a  scanty  covering  of  soil  ascends 
gradually,  as  if  from  the  water's  edge. 

Mr.  Johnson's  privilege  is  stated  to  embrace  an  entire  fall  of  about  23^  feet.  The  natural  plan  of  development 
would  be  to  construct  a  dam  say  18  feet  high  at  the  crest  of  the  falls,  and  carry  a  short  race  down  the  east  bank, 
where  there  is  abundant  building  room,  with  the  railroad  close  at  hand.  The  site  for  the  dam  offers  perfectly 
secure  foundations  of  solid  rock;  it  is  estimated  that  a  substantial  timber  structure,  18  feet  high  and  300  feet  long, 
could  be  built  for  from  825,000  to  830,000.  It  would  set  the  river  back  for  ■!  or  5  miles  above,  and  provide  a 
pondage,  as  claimed,  of  about  500  acres.  The  privilege  is  rated  as  sufficient  in  jjower  to  drive  90,000  spindles,  No. 
30  yarn.    My  own  estimate  of  the  available  power  in  different  stages  of  river  is  shown  below : 

Estimate  of])ower  at  Jeicett  City  i)rivilege. 


Stage  of  river. 

Drainage 
area. 

Flow  per 

second, 

averajre                           Theoretical  horse-power, 
for  the  24 
hours,  (a)  j 

Sq.  miles. 

Cubic  feet. 
240 
290 
370 

Ifootfall. 
2%.3 
32.9 
42.0 

IS  feet  fall 
490 
590 
760 

22!!  feet  fall. 
640 
770 
990 

iiifeetfall.ib) 
720 
860 
1,100 

Available  10  months,  average  year. ., 

a  In  low  stages  of  the  river  the  flow  could  probably  be  doubled  for  twelve  hours  in  the  day. 
6  Total  unimproved  fall  in  river  from  mouth  of  Varnum's  brook  to  month  of  Pach.aug. 

The  last  of  the  unimproved  powers  which  have  been  alluded  to  as  lying  within  the  vicinity  of  Norwich  is  known 
as  the  "Packer"  and  also  as  the  "Canterbury"  privilege.  It  is  situated  between  the  towns  of  Plainfleld  and 
Canterbury,  extending  from  the  mouth  of  Varnum's  brook  to  the  tail-race  of  the  Wauregan  mill,  and  is  variously 
stated  to  include  from  about  26  to  a  little  over  30  feet  fall ;  if  we  allow  3  feet  below  Pierce's  bridge  to  the  Wauregan 
privilege,  there  remains,  according  to  the  survey  of  1825,  25  feet  8  inches  of  fall  to  the  Canterbury  privilege.  It  is 
a  good  power,  but  much  less  favorably  located  than  that  at  Jewett  City,  the  railroad  being  farther  away  and  there 
being  only  a  few  scattered  farm-houses  near  at  hand.  The  present  owners  are  Messrs.  E.  A.  &  Daniel  Packer 
and  William  A.  Healy,  the  latter  of  Hartford.  203 
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Estimate  of  power  at  Ganterbvry  privilege. 


stage  of  riyer. 

Drainage 
area. 

rio-w  per 

second, 

average  for 

theM 
hours,  {a) 

Theoretical  horse- 
power. 

Sq.  miles. 
■      590     ^ 

Gubicfeet. 
225 
270 
340 

I  foot  fall. 
25.6 
30.7 
38.6 

iS.lfeetfall. 
660 
790 
990 

Available  10  months,  average  year . . . 

OS  In  low  stages  of  the  river  the  flow  could  probably  be  doubled  for  12  hours  in  the  day. 

At  Wauregan,  21  miles  by  railroad  above  Norwich,  is  met  the  first  power  in  use  on  the  Quinebaug  river.  It 
is  occupied  by  the  Wauregau  Mills,  rnnuing  56,000  spindles  in  the  manufacture  of  sheetings  and  fancy  cotton 
goods.  The  dam  was  originally  built  in  1853,  but  was  rebuilt  in  1876,  and  its  cost  is  stated  at  $27,000.  The  roll- way 
is  350  feet  long,  and  consists  of  a  log  crib-work  filled  in  with  loose  stone.  The  logs  are  5  or  6  feet  apart,  from  center 
to  center,  in  both  directions;  two  or  three  of  the  lower  courses  are  set  down  into  the  river-bed,  and  all  are  carefully 
fastened  together  with  iron  pins.  The  ends  of  the  logs  are  adzed  to  give  flat  bearings.  Priming,  or  sheet-piling,  is 
driven  into  the  river-bed  at  the  foot  of  the  front  and  back  slopes  and  at  the  end  of  the  apron,  to  prevent  water  from 
working  under  the  dam.  The-  top  of  the  structure  has  a  width  of  4  feet,  and  is  perhaps  16  feet  above  the  river-bed. 
The  back  slope  has  a  base  of  21  feet  and  the  front  slope  a  base  of  11  feet,  making  the  width  at  base  of  the  main 
portion  of  the  dam  36  feet.  The  face  and  top  are  covered  with  4-inch  oak  planking  and  the  back  slope  is  covered 
with  3  inch  chestnut.  An  apron  projects  down-stream  23  feet  from  the  foot  of  the  front  slope,  and  consists  of  5-inch 
oak  planking,  covered  part  of  the  distance  with  a  less  permanent  layer  of  planking  2  inches  thick ;  this  is  designed  to 
receive  the  impact  of  overfalling  ice,  and  when  worn  out  can  easily  be  renewed.  The  river-bed  here  is  gravelly. 
From  the  dam  a  canal,  say  1 ,000  feet  long,  50  feet  wide,  and  7  or  8  feet  deep,  conveys  water  t  o  the  mill,  where 

it  is  used  under  17  feet  head,  with  wheels  of  about  900  horse- 
power. For  a  month  or  six  weeks  in  the  year  there  is  a 
shortage  of  water,  during  which  an  average  of  about  700  horse- 
power is  realized.  The  pondage  is  sufficient  to  control  the  low- 
water  flow  of  the  stream,  and  there  is  very  little  waste  over  the 
dam  in  summer;  during  that  season  the  pond  is  usually  drawn 
down  8  or  10  inches  through  the  day,  and  fills  again  at  night. 
Immediately  succeeding  this  privilege,  and  distant  2^  or  b 
miles  from  Wauregan,  is  the  upper  privilege  owned  by  the 
same  company.  It  is  called  the  "  Ifashawaug  "  power,  and  is 
at  present  used  only  for  storage  purposes ;  it  is  held,  however, 
to  meet  the  future  needs  of  the  company,  and  is  in  condition, 
with  completed  dam  and  suitable  gates,  for  use  in  manufacturing 
at  any  time.  The  fall  covered  by  this  privilege  is  17  feet.  The 
dam  has  a  roll-way  of  about  350  feet,  and  in  cross-section  and 
general  construction  is  a  close  copy  of  the  one  at  Wauregan. 
The  width  at  base  of  the  dam  proper  is  about  37  J  feet,  and  the 
crest  is  16  or  17  feet  above  the  upper  surface  of  the  apron;  the 
latter  projects  20  feet  from  the  front  slope,  instead  of  23  feet  as 
at  Wauregan.  The  abutment  next  the  bulkhead  is  17^  feet 
wide,  at  right  angles  to  the  stream,  and  is  of  granite  masonry. 
The  bulkhead  is  built  of  granite  ashlars  backed  with  rubble 
in  cement,  and  has  a  length  in  the  clear,  between  the  abutment 
of  the  dam  and  the  shore-wall,  of  88  feet.  In  this  distance 
there  are  seven  arched  openings,  each  10  feet  in  width,  and 
separated  by  piers  3  feet  thick ;  the  two  openings  next  the 
river  connect  with  a  covered  waste-way,  the  third  is  to  supply  a  turbine  for  operating  the  gates,  and  the  remaining 
four  are  for  the  purpose  of  admitting  water  to  the  canal.  The  Nashawaug  power  is  a  fine  one,  and  the  dam  and 
connecting  works  have  certainly  been  built  in  a  very  substantial  manner. (a) 

The  next  power  is  at  Danielsonville,  a  thriving  borough  of  about  3,100  inhabitants,  27  miles  by  river  and 
about  the  same  by  railroad  from  Norwich.  Cotton  manufacturing  is  carried  on  here  both  on  the  Quinebaug  and 
on  Five-Mile  river.  On  the  former  stream  the  Quinebaug  Company  has  a  fall  of  24  feet,  and  uses  a  total  of  936  horse- 
power at  two  mills ;  the  wheel  capacity,  however,  is  stated  at  probably  1,200  hofse-power,  being  large  enough  to 

a  Drawings  of  tlie  dam  and  Tjulkhead  were  kindly  furnished  by  Messrs.  Thompson  and  Nagle,  engineers,  of  Providence. 
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Fig.  8.— New  Wauregan  dam  on  the  Quinebaug  river, 
during  construction. 
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insure  power  during  a  reduction  of  bead  by  high  water.  Tliis  privilege  receives  the  benefit  of  the  water  used  from 
Five-Mile  river  by  the  Danielsonville  Cotton  Company,  whose  tail-race  discharges  above  the  Quinebaug  Company's 
dam.  The  latter  company  experiences  considerable  trouble  in  winter  from  anchor -ice.  Its  canal  is  COO  or  800  feet 
long,  rather  shallow,  and  has  a  stony  bottom.  During  the  winter  season  a  man  is  sometimes  required  for  two  or 
three  hours  every  morning,  for  a  period  of  three  or  four  weeks  at  a  time,  to  rake  the  ice  away  from  the  racks  at  the 
entrances  to  the  flumes.  The  difficulty  disappears  as  soon  as  the  water-surface  becomes  solidly  frozen  over.  The 
Quinebaug  Company  manufactures  cotton  sheetings  and  runs  51,500  spindles.  The  supply  of  water  is  sufficient 
during  all  but  about  two  weeks  in  the  year.  In  the  summer  of  1883  steam  was  being  introduced  into  the  old  mill 
for  auxiliary  power  in  low  water;  this  mill  stands  intermediate  on  the  line  of  the  canal,  and  has  but  14  feet  head. 

Three  and  one-half  miles,  by  river,  above  Danielsonville,  the  Williauisville  Manufacturing  ('ompany,  running 
550  looms  in  the  manufacture  of  cotton  goods,  uses  a  fall  of  9^  feet.  This  company  also  owns  an  unimproved  privilege, 
perhaps  a  mile  and  a  half  above,  which  was  used  by  a  saw-mill  many  years  ago,  and  some  of  the  timbers  of  the  old 
dam  are  still  visible.     The  fall  belonging  to  this  privilege  was  not  ascertained. 

The  next  manufacturing  place  is  I'utnam,  one  of  the  most  important  points  on  the  Quinebaug,  and  located  at 
the  junction  of  the  Norwich  and  Worcester  («.)  and  main  line  of  the  New  York  and  New  Bnglaiid  railroads.  There 
are  three  fine  powers  here,  all  largely  used.  The  lowest  in  order  covers  a  fall  of  32  feet  10  inches.  It  was  originally 
owned  entirely  by  Thomas  Harris,  of  Providence.  Mr.  Harris  has  sold  one-half  the  privilege  to  the  Putnam  Woolen 
Company,  one  quarter  has  been  leased  to  the  Mouohansett 
Company,  and  one-quarter  still  remains  available  for  other 
manufacturing.  A  three  story  wooden  building,  104  bj'  54 
feet  in  plan,  provided  with  a  164  horse-power  wheel,  and 
adapted  to  manufacturing  purposes,  has  been  erected  but  not 
yet  occupied,  and  Mr.  Harris  is  prepared  to  put  up  other 
suitable  buildings  for  those  wishing  to  obtain  power. 

The  dam  at  this  privilege  is  largely  natural,  consisting 
of  huge  ledges  which  almost  choke  up  the  stream,  and  which 
are  connected  by  short  lengths  of  framed  work.  On  the  west 
bank  are  the  large  mills  of  the  Putnam  Woolen  Company, 
while  on  the  east  bank  a  race  probably  1,000  feet  or  more 
in  length  conveys  water  to  the  mill  of  the  Monohansett  Com- 
I)any,  manufacturers  "of  cotton  goods.  The  entire  privilege 
is  estimated  at  about  800  effective  horse-power  in  ordinary 
low  water.  It  is  dependent  in  the  drj-  season  upon  the  run- 
ning of  the  mills  above,  as  the  pondage  here  amounts  to  but 
a  few  acres. 

The  middle  privilege  at  Putnam  includes  IS  feet  fall,  of 
which  only  16J  feet  has  been  developed.  The  dam  is  a  stone 
and  cement  structure,  with  a  roll-way  157  feet  long,  18  feet 
high,  22  feet  wide  at  base  and  8  feet  at  top ;  it  was  built  in 
1861,  at  a  cost  of  about  $10,000.  Power  is  used  on  the  east 
side  by  the  Nightingale  mills,  cotton  goods,  13,000  spindles,  160  horse-power,  and  on  the  west  side  by  the  Morse 
mills,  cotton-goods,  13,000  spindles,  160  horse-power. 

The  ui^per  privilege  at  Putnam  is  occupied  en  the  east  side  by  the  Powhatan  mills,  running  20,000  spindles  on 
cotton  goods,  with  15J  feet  head  and  200  horse-power ;  on  the  opposite'  side  is  the  Putnam  Manufacturing  Company, 
cotton  goods,  with  the  same  head  and  about  the  same  power.  Each  concern  owns  one-half  the  privilege.  The  dam 
is  built  of  stone  in  cement,  with  roll-way  115  feet  long  and  10  feet  high  ;  in  the  face  are  two  arched  openings  with 
gates  for  drawing  down  the  pond.  The  mills  ai'C  able  to  run  at  full  capacity  by  water  about  eight  months  in  the 
year,  and  from  two-thirds  to  three-quarters  caj)acity  the  remainder  of  the  time,  during  which  they  use  steam  in 
addition  to  water.  The  pondage  above  the  dam  is  small,  and  water  wastes  at  night  nearly  all  the  year.  The 
large  amount  of  water  used  at  Southbridge  reaches  this  privilege  in  the  middle  of  the  day,  and,  there  being  but 
small  storage  facilities  here,  continues  to  waste  over  the  dam  much  of  the  night.  It  is  thought  that  upon  the 
completion  of  the  new  reservoir  at  Mechanicsville  this  water  will  be  saved  and  the  power  at  Putnam  substantially 
increased.  The  experience  with  anchor- ice  at  this  point  is  worth  noticing.  The  Powhatan  mill  receives  water  from 
the  pond  directly  into  its  flume,  while  the  Putnam  company  often  draws  through  an  old  race ;  the  former  mill 
suffers  little  or  none  from  ice,  but  the  latter  is  much  hindered  and  requires  considerable  labor  in  clearing  its  race. 
Slackwater  from  the  privilege  just  described  extends  to  a  small  place  called  Pi,eedville,  a  short  distance  above 
the  mouth  of  French  river.  Here  Messrs.  Sayles  &  Washburn,  who  already  have  a  mill  at  the  mouth  of  French 
river,  on  the  latter  stream,  have  recently  constructed  a  dam  which  will  pond  a  large  surface  of  water,  roughly 


Fig.  10. — Falls  lu  the  Quinebaug  river  at  Putnam., 
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estimated  at  450  acres;  this  privilege  has  been  developed  for  their  own  use,  and  will' probably  be  employed  to 
furnish  power  to  a  new  mill.  The  pond  will  be  connected  by  a  cross-cut  with  the  pond  above  their  dam  on  French 
river,  and  the  two  privileges  can  thus  be  operated  so  as  to  be  of  mutual  assistance. 

At  the  site  of  the  new  dam  the  river-bed  is  gravel,  with  some  quicksand.  The  dam  was  carried  down.  3  or  4 
feet  below  the  surface  of  the  apron  into  the  river-bed,  and  protected  by  sheet-piling  in  the  usual  manner.  The 
roll  way  is  200  feet  long,  rises  15  feet  above  the  apron,  is  4  feet  wide  on  top,  30  feet  wide  at  the  base,  and  has  front 
and  back  slopes  of  20  feet  each.  The  back  slope  is  covered  with  2|-inch,  the  top  with  4-inch,  and  the  face  with 
3-inch  chestnut  planking.  In  interior  construction  the  dam  is  a  log  crib- work  filled  with  stone.  An  apron  projects 
16  feet  beyond  the  foot  of  the  dam,  and  has  a  permanent  covering  of  4-inch  chestnut  plank,  over  which  is  a 
temporary  layer  of  2-inch  white-oak  plank,  easily  renewed  when  worn  out.  From  the  roll-way  there  extends  a 
gravel  embankment  900  feet  long,  about  20  feet  high,  60  feet  wide  at  the  base  and  24  feet  at  the  top,  the  inner  slope 
of  which  will  be  riprapped.  At  the  farther  end  of  the  embankment  is  the  bulkhead,  with  gates  opening  into  the 
race. 

Above  the  mouth  of  French  river  the  Quiuebaug  has  considerably  less  water  than  below,  but  still  furnishes 
important  powers,  which  are  used  at  numerous  points.  I  shall  not  describe  them  in  detail,  but  more  or  less 
information  regarding  them  may  be  obtained  from  the  following  table : 

Utilized  powers  on  the  upper  Quinebaug  river. 

[Eeedville  to  SoQtliliriclge  (in  order,  ascending  the  river).] 


Locality  (town). 

Occnpied  by- 

FaU. 

Horse- 
power of 
wheels. 

Eemarts. 

Feet. 
12 

12f 

100-110 
110 

112 

285 

Woolen  goods,  5  sets  of  cards.    Waternearly  always  wasting  on  dam. 

Mannfactiues  gnnny-cloth.     Small  power  also  used  by    a  1-run 
grist-mill.  Stone  dam ;  roll-way,  230  feet  long  i  pondage,  40-45  acres. 
Mr.  Stevens  owns  0  feet  of  fall  below  his  privilege. 

'  Small  power  also  used  by  Wells'  grist-mill.    Perhaps  50  horse-power 
suiplns  for  rental. 

West  Dudley,  Hassachusetts 

Warren  P.aper  Mill  

Do                     

37 
54 

35 

280 

800 

Do 

Cotton  goods,  11,000  spindles.    No  lack  of  water ;  always  waste  over 
dam  at  night.    Two  falls  of  15  and  22  feet,  respectively. 

Manufactures  cotton  goods,  rassimeres,  and  worsted  dress  goods. 
Steam  used  in  addition  to  water.    Privileges  imxiroved  by  stone 
dams,  with  gravel  backing,  and  priming  above  and  below.    Power 
taken  from  three  foils  of  14,  26,  and  14  feet^  respectively.    About 
650  horse-power  actually  used. 

Do  

Hamilton  Woolen  Company 

Southbridge,  at  which,  as  may  be  seen  from  the  table,  several  important  concerns  are  located,  is  a  beautiful 
village  and  of  considerable  size;  it  is  built  upon  hilly  ground,  with  fine  streets,  and  with  the  usual  advantages  of  a 
prosperous  and  established  manufacturing  village.  It  has  but  one  railroad,  and  at  times  freights  have  been  so 
high  that  the  Hamilton  Woolen  Company  shipped  by  team  to  Charlton,  on  the  Boston  and  Albany  railroad;  at 
present,  however,  rates  on  staple  articles,  such  as  cotton  and  wool,  are  claimed  to  be  as  favorable  as  those  enjoyed 
by  Lawrence  or  Lowell. 

The  Hamilton  company  owns  five  reservoirs,  supplying  the  river  above  Southbridge ;  they  contain  an  aggregate 
area  of  over  900  acres,  and  usually  fill.  The  Fiskdale  Mills,  situated  above  on  the  stream  in  the  town  of  Sturbridge, 
also  own  three  reservoirs,  known  as  Big  Alum,  Little  Alum,  and  Long  ponds;  these  have  a  combined  flowage  of 
about  412  acres  and  a  storage  capacity  of  200,000,000  cubic  feet. 

The  country  along  the  Quinebaug  from  Eeedville  to  Southbridge  is  hilly  and  moderately  timbered.  There  is 
in  this  distance  unimproved  fall  belonging  to  the  various  farmers  whose  land  adjoins  the  stream;  no  data  could 
be  obtained  showing  the  total  amount  of  this  fall,  but  several  privileges  were  learned  of,  as  follows: 

1.  Immediately  below  E.  S.  Stevens'  privilege  (which  is  really  situated  just  above  the  Massachusetts  line,  though, 
the  post-ofSce  is  Quiuebaug,  Connecticut).  That  gentleman  owns  6  feet  of  fall,  and  there  is  estimated  to  be  several 
feet  more  thence  to  Murdook's  privilege;  altogether  there  may  be  10  feet. 

2.  Between  Stevens'  privilege  and  that  at  West  Dudley  there  is  18  feet  4  inches  of  unimproved  fall;  of  this 
Mr.  Stevens  owns  8  feet,  and  holds  it  for  future  use  in  connection  with  his  business,  leaving  say  10  feet  available  for 
other  manufacturing. 

3.  Between  West  Dudley  and  Sauudersdale  there  is  9  feet  7  inches  of  unimproved  fall,  owned  by  Mr.  Charles 
Wells,  of  the  former  place.  A  dam  could  be  built  near  the  foot  of  this  privilege,  convenient  to  the  railroad  and 
would  flow  about  9  acres. 

4  and  5.  At  Southbridge  the  Hamilton  Woolen  Company  owns  two  undeveloped  falls,  one  of  13  and  the  other 
of  30  feet. 

The  power  at  these  several  privileges  may  be  estimated  as  in  the  accompanying  table : 
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JJjstimate  of  power  at  unimproved  pripih'(jes  beUceen  BeedviUc  and  Southbridge. 


Locality. 


Drninase 
area. 


Fall. 


Soutliljritlgo  . 


Bi.'t\veeii  West  Dudley  ami  Saundersclalo. 

Below  West  DiKllev 

Below  E.  S.  Stevens'  privilege 


Sq.  milt's.  I       Fi'i't. 
30 
13 
9.6 
10 


100 


145 


10 


THEOItETICAI.  IIOilSE-rOWER.  (a) 


Low  watel . 
dry  year. 


Low  water, 
average 


150 
0.) 
CO 
70 


170 
75 
70 


Ten 

rooBths, 

average 

year. 


200 
90 
90 
95 

100 


a  Based  ou  averai;e'  flow  for  the  twoiity-loiir  hours.    The  i^ower  could  probably  be  doubled  for  twelve  houra  in  low  staces. 


TEIBUTAEIES   OF   THE    QXJINEBAXJG   KIVEll. 

Pacliaug  river. — This  properly  has  its  source  in  four  small  head-streams  which  uuite  a  short  distance  above 
the  village  of  Yoluntown,  in  the  southeastern  corner  of  Windham  county,  Connecticut.  The  river  then  pursues 
an  irregular  course  to  the  westward,  passing  across  the  town  of  Griswold,  and  joins  the  Quinebaug  at  Jewett  City. 
It  drains  59  square  miles,  and  toward  the  mouth,  where  running  freely,  docs  not  measure  probably  more  than  50 
feet  across.  The  valley  is  wide,  and  though  there  are  many  steep  slopes,  yet  in  the  vicinity  of  the  Pachaug  reservoir 
there  is,  on  the  whole,  a  gradual  rise  in  nearly  every  direction  to  the  summits  of  distant  high  hills.  The  country 
is  moderately  wooded,  the  proportion  of  timber  increasing  away  from  the  Quinebaug  and  toward  the  summits  of 
the  hills.  The  covering  of  soil  is  thin,  and  rock  ledges  and  drift  bowlders  crop  out  in  all  directions.  There  is 
comparatively  little  cultivation,  and  that  chiefly  in  corn,  potatoes,  rye,  oats,  and  buckwheat. 

The  powers,  in  order,  ascending  the  stream,  are  as  follows : 

1.  ^sTear  the  mouth  are  John  F.  Slater's  mills,  running  20,000  spindles  in  the  manufacture  of  denims,  ticks, 
and  other  goods.  The  privilege  embraces  a  total  fall  of  37 J  feet,  used  in  two  falls  of  15  and  22.J  feet,  respectively; 
400  horse-power  is  employed  at  these  mills,  and  a  small  grist-mill  is  also  supplied  by  a  side-cut  from  the  upper 
fall. 

2.  The  Ashland  Cotton  Company  uses  a  fall  of  18  feet  9  inches,  and  275  horse-power.  It  has  two  mills,  one 
an  extremely  large  and  fine  structure,  and  runs  about  25,000  spindle.s ;  during  1881  and  1882  it  increased  the 
capacity  of  its  mills  30  per  cent.  The  dam  was  built  in  1858,  ami  was  recently  raised  a  foot;  it  is  75  feet  long,  19 
feet  high,  and  secures  a  pondage  above  of  100  acres. 

3.  At  Hopeville,  a  couple  of  miles  above  the  mouth,  there  is  a  dam  giving  14  feet  fall,  and  surveys  have  been 
made  with  reference  to  raising  it  7  feet,  and  thus  forming  a  pond  extending  back  nearly  to  the  foot  of  the  Pachaug 
Eeservoir  dam.  The  Ashland  company  owns  this  privilege,  and  formerly  had  mills  here,  which  were  burned ;  it 
intends  to  erect  new  mills,  however,  and  to  use  the  power. 

4.  At  Pachaug  Eeservoir  dam  there  is  a  fall  of  12  or  13  feet  not  in  use.  This,  and  in  fact  all  the  fall  on  the 
stream  below,  down  to  Slater's  mills,  belongs  to  the  Ashland  company,  which  also  owns  the  adjoining  land  in  that 
distance.  * 

A  summary  may  be  given  of  the  above  and  the  remaining  i)Owers  on  this  river,  as  in  the  following  table : 

Water-privileges  on  the  Pachaug  river  {in  order  from  the  mouth.) 


Occupied  by— 

• 

Fall. 

Horse- 
power 
ivtilized. 

Kem.arka. 

John  F.  Slater 

Feet. 
374 
18i 
21 

12-13, 
24 
184 
15 
22 
11  _ 

is' 

400 

275 

Two  falls,  15  and  224  feet. 

Power  not  nsed.    Dam  gives  14  feet  fall,  but 
can  be  raised  7  feet,    tooated  at  Hopeville. 

Pachaug  Eeservoir  dam.    Power  not  used. 
Cotton  i:)rints. 

Do 

Do 

L.  W.  Carroll 

175 
100 1 

50  1 

70 
100, 

Ira  G-.  Briggs  &Co 

Do 

Eriggs  &  Co.   manufactnre  twilled    cotton    , 

Do 

goods  and  yams,  and  mn  a  total  of  about 
15,000  spindles  at  all  the  privileges. 

Do 

Above  Briggs  &  Co.'s  upper  dam-  there  is  a  pond  of  40  or  50  acres.  There  have  been  specified  all  the  powers 
on  the  Pachaug  up  to  this  point.  Everything  is  iu  use  except  ac  Hopeville  and  at  Pachaug  reservoir,  and  those 
privileges,  being  reserved  by  the  Ashland  company,  are  not  open  for  general  manufacturing.    Above  Voluntown, 
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ou  the  small  streams  which  have  been  alluded  to  as  making  up  the  main  river,  there  are  some  small  saw-mills,  but 
the  powers  cannot  be  considered  as  having  much  value.  The  fall  of  these  streams  is  said  to  be  small,  and  even  if 
reservoired  as  hereafter  described,  the  reservoirs  would  be  in  their  lower  courses,  leaving  little  fall  below. 

The  most  interesting  feature  of  the  Pachaug  is  its  reservoir  development.  Although  the  stream  has  considerable 
fall,  there  are  occasional  wide  stretches  along  its  course  of  low  marshy  ground  which  have  given  opportunity  for  a 
large  flowage.  Aside  from  the  regular  mill-privileges,  the  principal  of  which  have  been  mentioned,  there  are  at  the 
present  the  following  reservoirs  on  the  stream  : 

Pachaug  reservoir  is  entirely  artificial,  and  contains  from  900  to  1,000  acres,  according  to  the  stage  of  water. 
It  is  formed  by  an  embankment  and  dam  having  a  combined  length  of  about  600  feet.  The  overflow  is  80  feet  long, 
and  is  a  framed  timber  structure,  with  a  partial  filling  of  loose  stone,  masonry  abutments,  and  an  apron.  This 
reservoir  can  be  drawn  down  12J  feet,  and  gives  a  large  storage ;  it  is  owned  by  the  Ashland  company. 

Billings  Pond  reservoir,  covering  say  100  acres,  lies  among  the  hills,  is  fed  almost  entirely  by  springs,  and 
empties  by  a  small  side  stream  into  the  upper  part  of  Pachaug  reservoir;  it  also  is  owned  by  the  Ashland 
company.  Mr.  J.  O.  Sweet,  superintendent  of  the  company,  who  furnished  much  information  regarding  the  Pachaug, 
mentions  an  interesting  fact  about  this  reservoir.  He  states  that  all  evidence  has  shown  that  by  maintaining 
it  full  its  total  yield  is  diminished,  and  explains  it  by  supposing  that  when  full  the  great  pressure  of  the  water  forces 
the  springs  to  seek  outlets  in  some  direction  other  than  into  the  reservoir.  The  pond  is  therefore  drawn  down 
early  in  the  season,  and  the  gates  are  then  left  open,  so  that  the  natural  flow  of  the  stream  goes  on. 

Beach  pond,  in  the  upper  waters  of  one  of  the  four  head-streams,  is  estimated  to  contain  from  1,000  to  1,200 
acres,  and  is  a  natural  lake  which  has  been  raised  by  a  dam  some  300  feet  long,  at  the  outlet.  It  is  very  deep,  and 
though  it  can  be  drawn  down  12  feet  there  then  remains  a  depth  of  50  feet  in  portions.  This  reservoir  is  controlled 
by  Messrs.  Ira  G-.  Briggs  &  Co. 

The  effect  of  these  large  reservoirs  is' to  render  the  stream  very  steady.  N"either  the  Ashland  nor  Slater's  mills 
have  been  forced  to  sti>p  more  than  a  day  and  a  half  in  sixteen  years  from  lack  of  water,  but,  as  previously  stated, 
the  capacity  of  the  former  mills  having  recently  been  increased  30  per  cent.,  there  is  some  question  as  to  whether 
they  may  not  now  run  short  at  times.  The  river  is  also  freed  from  the  effects  of  heavy  freshets.  In  the  lower 
course  there  is  a  freshet  depth  on  the  Ashland  dam  of  only  about  18  inches,  whereas,  before  the  stream  was  so  well 
reservoired,  it  aQiounted  to  many  feet.  About  the  year  1862  the  dam  at  Beach  pond  gave  way,  and  a  large  volume 
of  water  came  pouring  down  stream;  but  striking  into  the  marshes  where  the  Pachaug  reservoir  now  is,  it  spread 
out  ancj  caused  no  harm  at  Jewett  City,  neither  was  there  much  of  a  rise  there. 

The  Ashland  company  practices  great  economy  in  the  tise  of  the  stored  water  which  it  controls.  It  is  connected 
by  telephone  with  the  house  of  the  gate-keeper  at  Pachaug  reservoir,  and  is  thus  enabled  to  regulate  the  flow  very 
carefully.  The  gates  are  opened  in  the  morning  some  hours  before  the  time  for  starting  the  mills,  in  order  that  the 
water  may  have  time  to  reach  them,  and  are  closed  some  hours  before  the  mills  shut  down.  The  water  is  thus 
maintained  just  even  with  ttie  top  of  the  dam  at  Jewett  City,  without  allowing  waste  over  its  crest. 

Though  the  Pachaug  is  already  so  well  reservoired,  there  is  yet  opportunity  considerably  to  increase  its  capacity 
in  this  respect.  Messrs.  Ira  G.  Briggs  &  Co.  state  that  shortly  above  their  upper  privilege  at  Volunfown,  between 
it  and  Beach  pond,  there  is  a  chance  to  flow  1,000  acres  by  a  dam  10  feet  high.  On  the  remaining  three  streams 
which  go  to  make  up  the  Pachaug  at  this  point,  storage  reservoirs  of  fair  size  can  be  constructed  on  their  lower 
courses,  the  land  being  rather  low  and  marshy.  On  one  of  these  streams  a  survey  has  shown  that  a  dam  20  feet 
high  would  flow  150  acres  to  an  average  depth  of  lOJ  feet,  and  Mr.  Briggs  is  of  opinion  that  about  the  same  flowage 
would  be  obtained  on  the  other  two.  The  dam  at  Hopeville,  also,  if  raised  7  feet,  would  give  a  largely  increased 
storage  there. 

Moosup  river.— This,  stream  has  its  source  in  the  town  of  Foster,  Rhode  Island,  2  or  3  miles  east  of  the 
Connecticut  boundary.  It  runs  southerly  and  then  westerly,  passing  through  the  towns  of  Poster  and  Coventry 
Ehode  Island,  and  the  towns  of  Sterling  and  Plaiufleld,  Connecticut;  its  total  length^is  about  18  miles  audits 
drainage  area  83  square  miles.  Its  valley  is  not  unlike  that  of  the  Pachaug,  but  perhaps  shows  less  outcropping 
rock.  The  hills  are  high  and  frequently  steep,  but  they  appear,  as  a  rule,  to  have  long  slopes.  The  country  has 
little  value  for  agriculture,  and  has  been  mainly  cleared  of  timber,  except  toward  the  summits  of  the  high  hills  or 
away  from  the  more  immediate  valley  of  the  Quiuebaug,  The  soil  is  described  as  rather  shallow,  but  underlaid 
nearly  everywhere  by  clay,  so  that  water  is  easily  obtained  in  wells  both  on  the  hills  and  in  the  valleys.  The  water- 
shed is  quite  extensive,  and  the  hill-slopcs  are  sufficiently  inclined  so  that  water  from  rains  drains  rapidly  into  the 
stream  and  raises  it,  after  which  it  quickly  subsides.  The  greatest  height  is  usually  reached  about  twelve  hours 
after  a  storm,  the  freshet  rise  in  the  lower  course  amounting  to  about  6  feet  below  the  dams.  Fo  difflcultv  is 
experienced  on  this  river  from  anchor-ice ;  cakeice  sometimes  piles  up  on  the  flats,  and  even  to  some  extent  chokes 
up  the  stream,  but  no  serious  trouble  ensues.  In  its  lower  course  the  Moosup  is  from  75  to  100  feet  wide.  Its 
bed  is  mainly  drift,  gravel,  and  small  bowlders.  The  banks  are  irregular  and  poorly  defined,  sometimes  rising 
abruptly  from  the  streaui,  and  again  low,  with  a  gradual  ascent. 

The  principal  reservoir  supplying  this  stream  is  MOosup  pond,  a  natural  lake  raised  by  a  low  embankment.  It 
lies  immediately  surrounded  by  hills  of  moderate  height,  and  empties  by  a  small  outlet  into  Snake  Meadow  brook 
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and  thence  into  tbo  Moosup;  it  is  distant  a  half  or  tliieequarters  of  a  mile,  in  a  direct  line,  from  tbe  latter  sticiim, 
and  is  a  line  reservoir.  Tbe  surface  is  estimated  at  GOO  or  700  acres,  which  is  perhaps  too  high,  and  the  ])oi)d  can 
be  drawn  down  6^  feet.  Messrs.  Aldrich  &  Milner  control  this  reservoir,  but  if  they  have  occasion  to  shut  down 
their  mill  on  the  IMoosup  they  are  under  obligations,  for  the  benefit  of  the  Aldrich  &  (jray  mill  below,  so  to  niiuiage 
the  reservoir  as  to  maintain  the  same  iiow  as  before. 

Above  tbe  stone  dam  at  Almyville  there  is  a  pond  estimated  to  contain  100  acres,  and  at  Oneco  one  of  J -5 
acres ;  these  are  at  privileges  available  for  manufacturing,  but  not  in  use,  and  at  present  serve  only  for  storage. 

The  amount  of  storage  on  the  stream  can  yet  be  very  largely  increased.  Aldrich  &  Milner  intend  to  raise  tlio 
stone  dam  at  their  reservoir  (Almyville),  and  will  thereby  increase  its  Howage,  as  they  estimate,  by  250  or  300  acres. 
Thence  to  Greene  the  valley  is  regarded  as  favorable  for  storage,  and  toward  the  headwaters,  in  Ehode  Island,  the 
facilities  are  still  better;  there  is  much  low  land  in  that  section,  having  little  value,  which  might  easily  be 
flowed.  The  amount  of  storage  thus  available  in  that  locality  is  variously  stated  at  from  1,000  to  3,000  acres,  but 
is  large  at  all  events. 

There  have  been  numerous  changes  in  the  firms  manufacturing  on  this  river,  and  many  of  the  present  concerns 
are  new-comers.  The  mills  are  of  fair  size,  and  are  in  many  cases  built  of  stone,  which  is  claimed  to  be  cheaper  here 
than  brick  for  building.  Nearly  all  have  engines  for  use  in  low  water.  The  stream  is  said  to  have  decreased  in 
value  of  late  years.  The  only  explanation  given  of  this  was,  that  a  number  of  small  privileges  on  the  upper 
course,  previously  used  for  saw  and  other  small  mills,  had  been  abandoned ;  these  had  formerly  stored  considerable 
■water  above  their  dams,  but  the  latter  had  gone  to  ruin,  and,  the  storage  being  lost,  the  stream  became  more  unsteady. 

Water-privileges  in  une  on  the  Moosup  river  {in  order  from  the  mouth). 


Occupied  by- 


Feet. 
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I  Horse-powrr 
utilized. 


100  (?) 


Remarks. 


Kirk  Mills 

Do 

Aldrich  &  Gray. . . 
Floyd  Kransky  . . . 
Aldrich  &  Milner. 


35(!) 


14 
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n 

90 

21 

200 

12 
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21 
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Henry  Cutler  owns  one-half  the  piivilege  and  E.  N.  Tonrtelotte  one-half.  Log  dam,  120  feet  long. 
Pnvver  used  by  several  small  establishments,  comprising  a  -wick-mill,  twino-mill,  grist-mill,  saw- 
mill, and  carpentei's  shop. 

Log  dam,  about  100  feet  long.  Power  owned  by  J.  P.  Kingsley,  of  Canterbury,  and  leased  to  a 
small  grist-mill  and  carriage-shop. 

Plain  cotton  goods.    Old  and  cheap  log  dam.    Short  of  water  three  or  four  weeks  in  some  years. 

Fancy  cotton  goods. 

Print-goods ;  9,000  spindles. 

Thread-mill. 

Fancy  cassimeres  j  12  sets  of  cards. 


These  mills  all  lie  between  the  mouth  and  Almyville,  a  distance  of  4  or  6  miles.  Above,  at  Sterling,  there  is 
a  small  mill  manufacturing  colored  umbrella  cloth  and  cotton  goods ;  there  are  also  said  to  be  a  few  saw-mills 
above  Oneco,  but  no  important  powers  are  in  operation. 

There  are  several  falls  on  the  stream  not  in  use.  The  lowest  of  these  in  order  is  below  Canada  City,  near  tbe 
mouth,  amounts  to  9  feet,  and  is  owned  by  Mr.  Henry  Tripp,  of  Central  Village.  Judging  from  the  ijowers  at  the 
other  mills,  this  privilege  should  be  reliable  for  80  effective  horse-power  ten  months  in  the  year. 

Immediately  below  their  mill  Messrs.  Aldrich  &  Gray  own  17  feet  of  unimproved  fall,  equivalent,  on  the  same 
basis  as  above,  to  about  150  horse-power. 

At  the  Almyville  stone  dam,  Messrs.  Aldrich,  Milner  &  Gray  hold  for  sale  a  fine  unoccupied  privilege.  It  is 
close  beside  the  Providence  division  of  the  New  York  and  New  England  railroad,  which  follows  up  the  valley  of  the 
Moosup  river  nearly  to  Greene,  Rhode  Island,  and  has  good  building  stone  and  sand  close  at  hand.  Tbe  dam  is  of 
horseshoe  shape,  18  feet  high,  and  constructed  of  stone;  the  face  descends  by  a  series  of  offsets,  or  steps.  On  the 
right  bank  the  dam  abuts  against  a  rock  ledge;  on  the  left  it  is  supplemented  by  a  short  embankment  faced  on 
the  sides  with  stone.  It  was  reported  that  within  a  year,  during  a  freshet,  water  had  forced  its  way  across  the 
shore  end  of  this  embankment,  but  that  prompt  action  had  prevented  serious  harm  being  done.  Above  the  dam  is 
a  long  narrow  pond  estimated  to  contain  100  acres;  the  owners  design  raising  the  dam  3  or  4  feet,  and  thereby 
increasing  the  flowage  by  250  or  300  acres. 

At  Oneco,  in  the  eastern  part  of  the  town  of  Sterling,  there  is  a  good  privilege,  formerly  occupied  by  the  Oneco 
Manufacturing  Company,  cotton  goods,  using  18  feet  head  and  100  horse-power.  The  dam  is  of  wood,  100  feet  long 
and  12  feet  high,  and  creates  a  pond  of  125  acres. 

Five-Mile  river  rises  in  the  town  of  Douglas,  Massachusetts,  runs  southerly  through  the  towns  of  Thompson, 
Putnam,  and  Killingly,  Connecticut,  and  empties  into  the  Quinebaug  at  Danielsonville.  Its  length  by  general 
course  is  about  19  miles,  and  its  drainage  area  77  square  miles.  Its  principal  branch  is  Whitestone— also  called 
Whetstone — brook,  which  will  be  separately  described. 

The  valley  of  Five-Mile  river  is  in  general  rather  wide  and  flat.  The  stream  itsqjf  is  30  or  40  feet  wide  in 
its  lower  course,  and  runs  over  a  bed  covered  with  stones.  It  is  supplied  from  reservoirs  and  has  a  very  steady 
flow ;  there  are  no  freshets  in  it  of  consequence,  it  is  free  from  anchor-ice,  and  surface-ice  never  goes  over  the 
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dams,  but  melts  away  in  tlie  pouds.  Tliis  stream  has  been  developed  to  about  its  full  papacity.  With  one  exception, 
no  available  unimproved  fall  below  Quaddick  reservoir  could  be  learned  of,  and  it  is  also  claimed  that  the  reservoir 
storage  cannot  be  further  increased  unless  at  unreasonably  heavy  expense. 

There  are  now  three  principal  storage  reservoirs  in  this  basin.  Wakefield  pond  lies  in  the  eastern  part  of  the 
town  of  Thompson  and  drains  into  Quaddick  pond,  which  is  immediately  below  it;  the  two  are  estimated  to  cover 
1,500  acres.  Quaddick  pond  can  be  drawn  down  11  feet.  Both  are  uatural  lakes  raised  by  dams.  They  are  owned, 
three-quarters  by  the  Attawaugan  Company  and  one-quarter  by  Sabin  L.  Sayles.  They  are  filled  mainly  by  the 
melting  snows  and  rains  of  spring,  and  the  mills  commonly  begin  to  draw  upon  them  in  July.  Keach's  reservoir 
is  of  good  size,  but  its  area  could  not  be  ascertained.  It  empties  by  a  side  stream  between  Quaddick  pond  and  the 
Attawaugan  Company's  upper  privilege,  and  is  owned  jointly  by  several  of  the  mills. 

Water-privileges  on  Five-Mile  river  below  Quaddick  reservoir  {in  order  from  the  mouth). 


Occupied  by— 

fall. 

Horse- 
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Has  no  separate  dam.    Obtains  5  feet  fall  from  tlie  tail- 
race  of  ihe  DaElelsonville  Cotton  Company,  .ind  7  feet 
at  the  Qnintbaug   Company's  dam  adjacent  on   the 
Qninebang. 

Manufactures  cotton  sheetings;  17,000  spindles.    Stone 
dam  about  110  feet  long.    Can  store  the  night-flow  of 
the  stream  about  half  the  year. 

Located   at   Dayville.    "Maflufacture  fancy  cassimeres. 
Ordinarily  have  sufBcient  water  throughout  the  year. 

Small  sawmill. 

Stone  dam  25  feet  high,  120  feet  long. 

Stone  dam ;  20-acre  pond. 

Do. 

Owned  by  Sabin  L.  Sajles,  but  nnocoupiea.    Has  a,  good 
stone  dam  and  long  n.arrow  pond,  and  is  less  than  half 
a  mile  from  the  Attawaugan  Company's  upper  privilege. 

In  use  by  twine-mill  at  outlet  of  Quaddick  reservoir. 

DanielsonTille  Cotton  Company 

236 
220 

Do 

Do 
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a  This  company  manufactures  plain  cotton  goods.    One  mill  weaves,  and  the  other  two  mills  have  together  37,000  spindles. 

Whitestone  brook  is  a  little  stream,  not  over  4  miles  long  measuring  from  the  reservoir  at  its  head.  It  runs 
westerly  across  the  town  of  Killingly,  and  drains  19  square  miles.  The  bed  is  gravelly  and  rocky;  the  fall  is 
slight  in  the  middle  course,  but  large  toward  the  mouth,  and  especially  so  in  the  upper  waters,  where  the  valley 
is  narrow  and  hemmed  in  by  high  hills.  The  dams  are  short  and  usually  built  of  stone.  In  the  summer  of  1882 
eleven  privileges  were  in  use,  the  manufacturing  at  which  was  confined  to  cotton  goods  and  fancy  cassimeres.  The 
falls  were  large,  ranging  in  several  cases  from  20  to  40  feet;  there  was  also  one  fall  of  14  feet  occupied  by  a  cotton- 
mill  uot  running;  and  one  of  38  feet,  near  the  head  of  the  stream,  entirely  unimproved. 

This  brook  is  considered  a  fair  milling  stream.  Its  flow  is  well  sustained,  but  is  not  sufficient  to  carry  the 
mills  through  the  year,  and  nearly  or  quite  all  of  them  use  steam  in  low  water.  The  reservoirs  are  all  at  the 
head  of  the  stream,  and  are  as  follows  :  Old  Killingly  pond,  the  largest,  is  a  natural  lake  raised  by  a  dam.  When 
drawn  down  all  that  is  practicable,  15  feet  below  full-water  line,  a  large  amount  of  water  still  remains  in  the 
natural  basin.  The  pond  is  fed  by  springs,  but  receives  very  few  brooks ;  it  partially  fills  in  spring  from  rains 
and  melting  snows,  but  has  not  been  full  in  ten  years.  If  full,  this  pond  alone,  it  is  said,  would  carry  the  mills 
on  the  brook  for  three  months.  It  is  practicable,  and  the  plan  has  been  discussed,  to  drain  the  surplus  waters  of 
the  upper  course  of  Five-Mile  river  into  this  pond.  No  injury  would  be  done  to  that  river,  the  reservoir  would  be 
filled,  and  the  power  of  Whitestone  brook  very  much  increased. 

There  are  four  other  reservoirs,  known  as  Edy,  Simmons,  Middle,  and  Bog  Meadow  ;  they  can  be  drawn  down 
from  8  to  12  feet  each,  and  flow  an  aggregate  area  estimated  at  255  acres.  They  are  entirely  artificial,  and  have 
been  built  at  considerable  expense. 

All  of  the  five  reservoirs  which  have  been  mentioned  drain  into  a  pond  just  above  Eoss'  mill,  the  highest  on  the 
stream  and  located  nearly  at  the  top  of  Chestnut  hill.  They  all,  with  the  exception  of  Old  Killingly  pond,  fill 
regularly  in  spring,  and  the  mills  commonly  begin  to  draw  upon  them  in  May.  All  are  owned  by  a  reservoir 
company,  in  which  most  of  the  mill-owners  on  the  stream  are  shareholders. 

French  river.— This  stream,  the  most  important  tributary  of  the  Quinebaug,  rises  in  the  towns  of  Leicester 
and  Spencer,  Worcester  county,  Massachusetts.  It  flows  southerly,  with  an  extreme  length  of  25  or  30  miles,  and 
joins  the  main  river  in  the  town  of  Thompson,  Connecticut.  Its  drainage  basin  includes  115  square  miles.  In  the 
upper  waters  are  numerous  artificial  storage  reservoirs,  of  which  the  principal  ones  are  as  follows : 

1.  Chaubunagungamaug  lake  is  a  splendid  sheet  of  water  lying  east  of  the  village  of  Webster.  It  has  a 
very  irregular  outline,  measuring  17  miles  in  circuit,  contains  1,300  acres,  drains  9  square  miles,  and  can  be  drawn 
down  4  feet  from  full-water  line.  The  aggregate  draught  upon  it  in  an  average  year  is  estimated  equivalent  to  a 
depth  of  10  or  11  feet.     This  lake  is  supplied  by  many  springs,  and  also  has  three  brook  feeders. 
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2.  Eobinson  pond  lies  in  the  towns  of  Oxford  and  Sutton,  and  drains  into  Frencli  river  some  4  miles  above 
Webster.  It  is  artiflcial,  contains  100  acres,  can  be  drawn  down  4  feet,  and  is  controlled  by  a  small  mil]  on  the 
outlet. 

3.  Sacarap  reservoir  is  artificiul,  and  lies  in  the  town  of  Oxford.  It  contains  125  acres,  is  27  or  28  feet  deep, 
and  can  be  drawn  down  the  whole  depth.  It  is  used  for  storage  purposes  alone,  and  there  is  rarely  any  waste  of 
water  at  the  outlet. 

4.  Charlton  or  Granite  reservoir,  artificial,  is  controlled  by  Messrs.  Bufi'um  and  H.  N.  Slater.  It  contains  240 
acres,  will  fill  twice  in  the  year,  or  the  equivalent  of  once  to  an  average  depth  of  16  feet,  and  drains  7  square 
miles. 

5.  Pierpont  Meadow  pond,  in  the  northern  part  of  the  town  of  Dudley,  is  artiticial,  flows  100  acres,  and  averages 
say  5  feet  in  depth. 

6.  Platte  pond,  in  Oharlton  and  Oxford,  is  artiflcial.  Its  water-shed  embraces  11  square  miles,  with  steep  and 
impervious  drainage  slopes.  This  reservoir  is  17  feet  deep,  covers  126  acres,  and  fills  many  times  in  the  course  of 
a  year. 

7.  Burncoat  pond,  in  the  town  of  Leicester,  142  acres,  can  be  drawn  down  12^  feet  from  the  top  of  the  roll-way. 
It  is  owned  by  the  Rochdale  Mdls. 

8.  Cedar  Meadow  pond,  in  the  southwestern  part  of  the  town  of  Leicester,  flows  153  acres,  and  can  be  drawn 
down  11  feet.  It  is  owned  by  the  Eochdale  Mills.  Both  Burncoat  and  Cedar  Meadow  ponds  fill  regularly  in  spring, 
and  the  water  can  be  drawn  quite  thoroughly  from  their  basins.  The  average  depth  for  their  entire  surface  is 
probably  not  more  than  6  or  7  feet. 

9.  Styles'  reservoir,  artificial,  is  controlled  by  an  association  of  mill-owners.  It  is  26  or  27  feet  deep,  flows  400 
acres,  and  drains  an  area  of  7  square  miles. 

Except  as  stated  otherwise,  the  above  reservoirs  are  owned  by  the  Messrs.  Slater,  of  Webster.  In  addition 
to  these  sources  of  supply  for  French  river,  the  Stevens  Linen  Works,  of  Webster,  control  279  acres  of  storage, 
comprised  in  a  series  of  five  reservoirs  lying  westerly  from  the  village. 

In  the  lower  jjart  of  its  course  French  river  is  perhaps  50  feet  wide  where  running  freely,  with  a  good  current,  and 
shoals  at  intervals.  There  is  but  a  small  portion  of  its  course  below  Webster,  however,  that  is  not  controlled  by  dams. 
But  one  unimproved  privilege  in  that  distance  was  reported;  it  lies  between  Mechanicsville  and  Grosvenordale, 
includes  15  feet  fall,  and  is  owned  and  held  for  its  own  use  by  the  Gros^■enorddle  Company.  In  this  section  the 
immediate  valley  of  the  stream  is  rather  narrow,  though  it  widens  out  occasionally  and  incloses  meadows,  through 
which  the  river  flows  between  banks  from  5  to  8  feet  high.  The  bed  of  the  stream  is  generally  gravel,  and  its 
waters  are  clear  and  of  good  quality;  they  have  no  injurious  action  upon  iron  surfaces,  but,  if  allowed  to  stand, 
show  a  kind  of  gelatinous  deposit  which  is  supposed  to  be  due  to  vegetable  matter. 

Power  is  used  on  the  lower  course  of  this  stream  as  shown  in  the  following  table: 


Water-privileges  on  French  river  below  the  village  of  Webster  (in  order  from  the  mouth). 


Locality. 

Occnpied  by— 

Fall. 

Horse- 
power 
utilized. 

liemarks. 

Feet. 
15 

15 
12 
12 

26i 

12 
10 

lOi 

200 

PoDda^e  estimated  at  50  acres.    Can  run  full  capacity  by  water  all  but  rne 
or  two  days  in  the  year.    There  is  always  a  surpliiswhen  the  Gio^veu- 
ordale  mill  is  running.    No  trouble  from'  backwater  or  ice.    Manufacture 
fancy  cassimeres. 

Fall  unimproved  and  beld  for  companj  s  own  use. 

Cotton  goods ;  20,000  spindles.    Stone  (lam ;  roll-way  116  fiet  long. 

Cotton  goods;  11,000  spindles— harder  driTingtbnn  previous  mill.    Stone 
dam. 

Two  splendid  brick  mills  for  the  manufacture  of  cotton  goods ;  05,000  spindles. 
Stone  dam  ;  roll- way  104  feet  long,  with  a  spill-way  of  equal  length  tor  high 
water.    Pond  of  80'acres,whichservi'8asTeserTOirforlhe  three  privileges. 
Can  realize  400  horse-power  from  water  practically  all  the  time  ;  300  horse- 
power or  more  of  steam  also  in  use. 

Grosvenordale  Company 

do(a) 

180 
180 

400 

45-50 
75 

Do        

do  (a)   

do 

0.  F.  Chase 

Dudley  Woolen  Mills,  Josiah 
Perry  proprietor. 

John  Chase  &  Sons 

Fancy  cassimeres  i    G  sets  of  cards.    Curving  stone  dam. 

Fancy  cassimeres.    The  pondage  at  these  upper  privileges  is  8inan,!md  the 
mills  are  dependent  upon  the  running  of  those  at  Webster. 

Below  the  village  of  Webster.. 

a  Both  mills  can  ran  at  full  capacity  by  water  all  the  year.  No  hinderance  from  backwater  or  ice.  Small  ponds  here,  but  at  North  Grosvenordale  there  is  a 
large  pond  which  for  fiye  months  in  the  year  controls  the  flow  of  the  stream. 

Webster  is  a  large  manufacturing  village,  with  extensive  mills,  using  power  from  three  difl'erent  streams. 
On  the  main  French  river,  at  what  is  known  as  the  South  village,  the  Messrs.  Slater  (Slater  Woolen  Company) 
manufacture  woolen  goods,  using  17  feet  fall,  315  horse-power  of  water,  and  say  175  of  steam.  At  the  IS'orth 
village,  also  on  French  river,  they  manufacture  cotton  goods,  employing  18  feet  fall,  and  an  average  of  200  horse- 
power of  water  and  350  of  steam.  2^^] 
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At  the  East  village,  on  the  outlet  of  lake  Ohaubunagungamaug,  the  same  company  has  dyeing  and  finishing 
works,  with  from  24  to  28  feet  fall  and  utilizing  100  horse-power,  which  can  always  be  realized  from  the  supply 
furnished  by  the  lake. 

The  Stevens  Linen  Works  are  located  upon  a  small  stream  supplied  by  five  reservoirs,  previously  mentioned. 
These  have  a  combined  flowage  of  279  acres,  and  are  in  the  main  artificial,  only  one  having  been  a  natural  pond. 
They  generally  fill  in  the  spring,  but  are  soon  drawn  down,  and.  furnish  enough  water  for  running  the  various  wheels 
at  full  capacity  only  about  three  months  in  the  year.  Steam  is  used  at  the  bleachery  a  part  of  the  time,  and  at  the 
main  mill  constantly.  At  the  former  a  75  horse-power  turbine  is  run  under  12  feet  head.  At  the  main  mill  there 
are  two  falls.  The  upper  has  a  40-foot  breast- wheel,  with  buckets  16  feet  wide,  and  is  estimated  at  150  horse-power; 
the  lower  has  a  20-foot  breast-wheel,  with  buckets  15  feet  wide,  and  is  roughly  estimated  at  50  horse-power.  The 
Stevens  Linen  Works  manufacture  linen  towelings,  employ  400  hands,  and  use  800  tons  of  stock  per  year.  The 
principal  mill  is  a  handsome  structure  of  stone,  200  by  70  feet  in  plan,  five  stories  high,  and  with  two  large  \Js. 

Passing  above  Webster,  French  river  continues  to  be  used  at  short  intervals  for  power,  but  its  size  is  reduced 
and  the  mills  are  comparatively  small. 

MINOR  TRIBUTAEIBS  OP  THE  QUINEBAUG. 

Mashamoquet  hrook  runs  southerly  iind  then  southeasterly  through  the  town  of  Pomfret,  Connecticut,  joining 
the  Quinebaug  a  mile  or  so  above  Williamsville.  It  drains  30  square  miles,  and  is  used  for  power  by  several  small 
saw-  and  grist-mills.  At  Pomfret  Landing,  Binn's  2-run  grist  mill  has  20  feet  fall,  55  horse-power  of  wheels,  and 
is  short  of  water  during  July  and  August.  The  brook  is  about  40  feet  wide  between  banks  in  its  lower  course,  has 
a  rapid  descent,  and  is  very  unsteady,  coming  up  and  falling  again  quickly  after  rains.  The  common  freshet-rise 
at  Pomfret  Landing,  which  is  near  the  mouth,  is  about  6  feet,  but  after  a  heavy  Aviuter  or  spring  rain  a  rise  of  15 
feet  has  been  known,  widely  overflowing  the  valley. 

There  is  undeveloped  fall  on  the  stream,  and  opportunities  exist  for  considerable  storage.  The  people  living 
near  are  said  to  be  anxious  to  have  the  power  improved,  and  to  be  willing  to  assist  in  any  enterprise  looking  to  that 
end.  Six  miles  above  Pomfret  Landing,  at  what  is  known  as  the  Nightingale  privilege,  it  is  claimed  that,  by 
building  a  dam  250  feet  long,  20  feet  of  water  could  be  stored,  flowing  a  surface  of  600  acres.  This  privilege  is 
said  to  be  owned  by  Mr.  Joshua  Angell,  living  near  by.  It  was  reported,  also,  that  at  a  point  2  miles  above  Pomfret 
Landing  there  is  an  unoccupied  privilege,  with  dam  already  built,  where  by  putting  in  gates  a  considerable  flowage 
can  be  commanded. 

For  ten  months  in  an  average  year  a  discharge  from  this,  stream  at  its  mouth  of  from  12  to  15  cubic  feet  per 
second  can  probably  be  relied  upon  under  the  present  conditions. 

Alexander's  pond  contains,  by  map  measurement,  216  acres.  It  lies  a  little  way  east  of  the  Quinebaug  and 
north  of  Williamsville.  In  winter  Five-Mile  river  sends  its  surplus  waters  into  this  pond,  but  its  only  outlet  is  by 
a  small  stream  emptying  just  below  the  Williamsville  mill.  It  can  be  drawn  down  4J  feet,  and  furnishes  power 
most  of  the  year  to  O.  S.  Arnold's  bobbin-shop,  using  32  feet  fall  and  35  horse-power. 

Little  river,  or  Muddy  irooTc,  comes  down  through  the  town  of  Woodstock,  Connecticut,  and  empties  into  the 
Quinebaug  near  Putnam.  It  is  stated  to  have  a  rapid  fall  and  to  be  used  for  power  at  several  points  by  small 
twine-  and  cotton-mills.  For  1  mile  above  the  mouth  the  fall  on  this  stream,  including  two  privileges  of  16  feet 
each,  is  owned  by  Mr.  George  Morse,  of  Putnam.  Immediately  above  there  was  formerly  a  weaving-mill  using  18 
or  19  feet  fall ;  Woodstock  pond,  measuring  86  acres  on  an  old  state  map,  but  represented  to  me  as  now  flowing 
over  200  acres,  serves  as  a  reservoir  for  this  privilege. 

THE  YANTIC   EIVER. 

Formed  by  small  streams  rising  in  the  towns  of  Lebanon  and  Colchester,  Connecticut,  the  Tautic  flows 
southeasterly,  and  at  Norwich  joins  the  Shetucket  to  make  up  the  Thames.  It  drains  an  area  of  96  square  miles, 
composed  of  a  hilly  country,  well  timbered  away  from  the  immediate  valley  and  especially  in  the  upper  waters. 
This  district  is  well  supplied  with  springs,  and  the  river  also  receives  aid  from  several  reservoirs;  nevertheless  its 
volume  sinks  quite  low  in  the  dry  season,  and  the  mills  generally  rely  upon  steam  for  assistance  then.  The  Yautic 
rises  rapidly  after  heavy  rains,  and  is  described  as  an  <'  angry  little  stream"  at  such  times.  Considerable  running 
ice  passes  down  its  course  on  the  breaking  up  of  winter,  and  slight  hinderances  are  suffered  at  times  from  anchor- 
ice  and  backwater ;  trouble  from  these  causes  is  not  sufacient,  though,  to  cause  any  stoppage  of  the  mills,  except 
in  rare  instances.  The  stream  is  quite  variable  in  width,  but  in  the  lower  course,  where  running  freely,  does  not 
usually  measure  more  than  50  or  75  feet  across. 

Of  the  reservoirs,  Gardner's  lake,  situated  on  the  boundary  between  the  towns  of  Salem,  Montville,  and  Bozrah, 

is  the  largest.    It  flows  816  acres,  and  drains  an  estimated  surface  of  3,268  acres;  it  is  a  natural  pond  raised  by  an 

embankment,  can  be  drawn  down  7  feet,  and  fills  regularly.    This  reservoir  is  owned  by  the  Palls  Company,  of    ' 

Norwich. 
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The  Bozraliville  Company  coutrols  two  rescixoirn  in  tlio  western  i)iirt  of  tlio  town  of  Lebanon.  Xcitlar  tlieir 
names  nor  size  could  be  learned  with  certainty,  but  they  are  probably  Ibc,  sluets  of  water  represented  on  the  maps 
as  Williams  and  Kent  ponds.  By  measurement  ni)on  a  county  iiui])  of  1SG8,  Williams  i)ond  contains  330  acres,  and 
Kent  pond  83  acres;  the  latter  lies  below  Williams  pond,  a  short  outlet  joining'  them. 

The  Hayward  Rubber  Company  owns  a  reservoir  in  the  southern  part  of  the  town  of  Lebanon,  known  as  Cedar 
Swamp  reservoir;  it  is  fed  mainly  by  sprin{;s,  covers  145  acres,  and  can  be  drawn  down  10  feet- 
It  is  stated  that  the  country  drained  by  the  Yantic  is  very  favorable  to  the  construction  of  reservoirs,  and  that 
the  capacity  in  that  respect  might  be  materially  increased.    There  are  several  small  streams,  of  wliich  Deep  brook 
is  one,  that  would  furnish  a  good  supply  of  water  and  might  be  thus  improved. 

In  the  9  miles  from  Bozrabville  to  the  mouth,  including  the  more  important  part  of  the  river's  course,  the  fall  is 
almost  entirely  taken  up.  It  appears  to  be  mainly  concentrated  in  two  sections.  From  a  mile  above  Bozrahville 
down  to  Fitchville  it  is  rapid,  amounting  to  104  feet  at  four  privileges.*  For  3  miles  above  the  upper  end  of  this 
section  the  fall  is  slight;  it  is  also  slight  below  it  to  the  vicinity  of  the  mouth,  amounting  to  only  30  feet  at  three 
privileges,  but  at  Norwich  the  descent  is  again  large. 

Principal  water-privileges  on  the  Yantic  river  (in  order  from  the  mouth). 


Locality. 

Occupied  by— 

Fall. 

Horse- 
power 
utilized. 

Hemarke. 

Norwich 

FallB  Company 

Falla  Company  (upper  privilege) . 

Norwich  Woolen  Company 

Clinton  Mills  Compftny 

Feet. 
63 

17 

7 
9 

14 
24 

850 

Mauufactnrcs  tickings  and  uheviots;  20,000  spindles.     The  river  here  falls 
precipitously  through  a  narrow  rocky  gorge,  at  the  head  of  which  is  a 
curved  stone  dam  from  160  to  170  feet  long.     Water  is  carried  from  the  pond 
in  a  race  and  used  in  two  levels.    At  the  upper  level  28  feet  fall  and  ahout 
460  horse  power  are  used ;  at  tho  lower  level  25  feet  fall  and  400  horsepo  wer. 
•These  amounts  can  be  realized  about  nine  months  in  the  year ;  the  re.st  of 
the  time  the  supply  of  water  is  deficient.    Tide-water  sets  back  to  this 
privilege,  and  rises  about  3  feet  on  the  wheels. 

Power  leased  by  Falls  Company  to  Norwich  PistolCompany  and  Allen  Spool 
Company,  using,  respectively,  15  and  17  feet  fall  from  a  common  race.    Pond 
large,  but  shallow.    Stone  dam,  21  feet  high,  20  feet  wide  at  base,  inclined 
coping  stones,  7  feet  long ;  face  of  dam  hatters  4i  inches  to  1  foot. 

Manufactures  blankets  and  repellents ;  12  sets  of  cards. 

Bepellents;  11  seis  of  cards.    Stone  and  wood  dam.    Can  run  from  seven  to 
ton  months  at  full  capacity  by  water,  but  uses  steam  in  low  water. 

Do 

100 
85 

Bean  Hill 

Fitchyillo 

Fitchville   Manufacturing   Com- 
pany. 

Bailey        ... 

300 

36-inch  Hunt  wheels.    Can  run  full  capacity  nine  months  by  water,  and 
estimates  that  power  never  falls  below  50  borse-power.    Framed  dam,  70 
feet  roll-way.    Small  pond. 

Cotton  goods ;  13,000  spindles.    Receives  thebenefitof  Gardner'sLake  outlet, 
which  empties  shortly  above  here.    Pondage  about  90  acres  above  dam. 
Latter  is  a  stone  and  timber  structure;  95  feet  roll-way.    In  low  water  of 
August,  1882,  about  three-quarters  of  the  capacity  of  the  wheels  was 
being  realized.    Can  usually  run  nine  or  ten  months  in  the  year  at  full  ca- 
pacity; in  the  dry  season  of  1881  the  supply  in  tho  reservoirs  failed,  and 
ibr  a  time  there  was  no  water  here  worth  mentioning. 

Saw-mill 

£ozraliTllle 

20 
30 

30 

Privilege  unoccupied,  but  held  for  company's  use.    Already  improved  in 
part  by  a  dam  giving  from  ID  to  12  feet  fall. 

Manufactures  cotton  ];oodSi  7,000  spindles.   Can  commonly  run  eleven  montha 
in  the  year  at  full  capacity,  but  uses  steam  in  low  water.    River  is  rocky 
here,  and  dam  rests  on  natural  ledge.     Small  pondage  at  dam,  but  company- 
controls  two  reservoirs  pieviously  described,  the  larger  of  which  will  main- 
tain the  supply  at  this  privilege  six  weeks  under  ordinary  circumstances, 
and  the  smaller  two  weeks. 

G-rinding-mill. 

Do 

....     do    

125 
175 

Do 

Hayward  Rubber  Company 

Above  the  Hayward  company  is  the  Yantic  Paper  Company,  and  there  are  possibly  one  or  two  saw-  and 
grist-mills  still  higher  up  stream.  There  is  fall  at  the  various  reservoir  outlets  which  is  said  to  be  used,  in  some 
cases  at  least,  by  small  saw-  and  grist-mills;  but  being  regularly  drawn  down,  the  reservoirs  can  furnish  power  for 
only  a  part  of  the  year,  and  the  amount  on  any  one  outlet  would  be  small. 
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Utilized  power  on  tributaries  of  the  Thames  river. 


stream. 


Tributary  to  what. 


Thames  river... 

Shetucket  river. 

Do 


Do 

Do 

Do 

Snndry  small  tributaries , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

,    D» 

Do 

Do 

Do 

Do 

Do 

■Willimantio  river  and  tribataries 


Do. 


Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do.. 
Do. 
Do. 
Do.. 

Do.. 
Do.. 

Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Do. 


Natchaug  river  and  tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 


Long  Island  sound. 

Thames 

...do 


...do 

...  do 

...  do 

Shetucket  . 
...do 

...do 

..'.  do...... 

..  do 

..  do 

...do 

...do  ._ 

...do  

...  do 

...do 

...do 

...do 

...do 

...do 

,..  do 

...do 


..do. 

..do. 
..do. 
.'.do  . 
..do. 

..do. 
..do. 
..do. 
.  do. 
..do. 
..do. 
..do. 
..do. 

..do. 
..do. 

..do. 
..do. 
..do. 
..do. 
..do. 
.  do. 

.do. 
.  do. 
.do. 
.do. 
.do  . 

do. 

do. 
.do. 
.do. 

.do  . 
.do. 
.do. 


State. 


Connecticut . 

...do  

..  do 


..do. 
..do. 
.  do  . 
.  do  . 
.  do  . 
..do. 
.  do  . 

-do  . 

.do  . 

do  . 

.do. 

.do  . 

.do  . 

do. 

.do. 

.do. 

do  . 

.do. 

.do. 

do. 


..do. 

..do. 
■  do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 

do. 
.do  . 

do. 
.do. 

.do. 
.do. 


..do. 
.do. 
..do. 
..do. 
..do. 
..do. 


..do. 
.do. 
do. 
.do. 
.do. 
.do 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 


County. 


New  London. 

...do  

...do  


....do  

...do 

...do 

...do  

...  do  

....do  

...do  

...do 

...do  

...do  

...do  

"Windham . 

...do 

...do 

...do 

..  do 

."..do 

...do 

...do 

...do 


.do. 


Tolland. 
...do  ... 
...do... 
...do... 


..do. 
..do. 
.do  . 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 

.do  . 
.do. 
.do. 
.do. 
.do. 
do. 


...do 

Windham  . 

...do  

...do  

...do  

...do  

...do 

..  do 

...do  


do. 
do. 
.do. 


Kind  of  mill  or  manu- 
facture. 


Cotton 

Bleaching  and  calen- 
dering  works. 

Paper 

Flour  and  grist 

Cotton 

Woolen 

Worsted 

Pulp 

Paper 

Fire-arms 

Furniture 

Saw 

Flour  and  grist 

Woolen 

Paper 

Cooperage 

Fertilizers 

Flour  and  grist 

Saw 

Machinery 

Wooden  types 

Cotton 


Sashes,  doors,  and 
blinds;  wood  turn- 
ing ana  carving. 

Cotton 

Woolen 

Shoddy 


Upholstering     mate- 
'  rials. 

Worsted 

Hosiery 

Silk 

Flour  and  grist 

Saw , 

Ammnnition 

Blacksmithing 

Boot  and  shoe  find- 
ings. 

Machinery , 

Wood    turning    and 
carving. 

Wheelwrighting 

Carriage  spokes 

Wool  extract 

Wooden  packing-boxes 

Fire-arms 

Musical  instruments, 

organs. 

Tools 

Cotton 

Woolen 

Silk 

Flour  and  grist 

Saw 

Paper 

Wood-pulp 
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Agricultural     imple- 
ments. 

Carriages  and  wagons . 

Wheelwrighting 

Wood    turning    and 
carving. 


a 


Feet. 


14J-17 


61 
63 

28 
12 
21 
40 
18 
44 
12 
24 
14 
-10 
26 
82 
56 
55 
30 
87i 


I 

1^ 


b:.p. 


W: 


123 
305 

44 

26 

25 

10 

34 

U6i 

143 -f 

7 

39 

40 

36+ 
36 


14 
18 
16 
29 
10 

7 

22 

30 

20 

95 
154+ 

22 

17 
10 

16 
27 
17 


2,580 

265 
10 
75 

104 

10 

18 

34 

.    50 

143 
63 
30 
15 
97 

110 

80 

35 

1,750 


^1 

M 

B 


H.P. 


418 
744 

15+ 

15 

100 

30 

21+ 
155 
226 

10 

20 

12 

50 
40 


62 

6 

35 

4 

75 

38 

20 

179 

229 

180 

75 

33 

50 
16 
23 


■700 


250 
150 
40 


10 


20 


Remarks. 


Norwich. 


850 


275 
460 


15 


26 


Willimantic.  The 
Linen  company 
has  three  miUs 
here  inclnded, 
while  a  fourth  is 
operated  by  steam 
alone. 

Bents  power  &om 
Linen  company. 
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stream. 


Natchaug  river  and  tributaries  . . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Qulnebaug  river 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 


frencff river  and  tributaries. 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

AH  other  tribataries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do.. 
Do  . 
Do.. 


Tributary  to  what. 


Shetuclcot  . 

...do 

...do 

...do , 

....do 

.-..do 

....do , 

....do , 

...do 

....do  

....do 

....do 

....do 

....do  


..do. 
..do. 
..do. 
..do  . 
..do  . 
..do. 
..do. 
.do  . 

.do. 
.do  . 
do  . 
.do  . 
.do. 


...do 

..do 

Qniuebaug. 


..do. 
..do. 
..do. 
..do'^ 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do  . 
..do. 
..do. 
..do. 

do. 
.do. 
.do. 


..do  . 
.  do. 
..do. 
..do. 
..do. 
..do. 

.do. 

do. 

do. 
.do. 


State. 


Connecticut  . 
...do 


...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

--do .■ 

...do 

...do 

Massachusetts . . 


..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
.do  . 

do  . 
.do. 
.do. 
.do. 

do. 


...do 

...do 

Connecticut . 


...do  

Massachusetts.. 

...do 

...do 

...do 

...do  

...do  

...do  

...do 

...do 

Connecticut 

.-do 

--.do 

...do 

...do 

...do 

...do 

...do 


County. 


do. 
.do. 
.do. 


...do  

...do  

...do 

...do 

...do  

..  do 

Bhode  Island. . 

...do 

Massachusetts. 
...do 


Windham.. 

...do...... 

. .  do 

Tolland.... 

...do  ...... 

...  do 

...do 

...  do  

...do  

...do 

Windham . . 

....do  

....do  

Worcester . 


..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 

do. 

.do. 

.do  . 
.do  . 

do  . 

do  . 
.do. 


Hampden 

...do 

Windham . 


...do 

Worcester . . . 

..  do 

...do  

...do  

...do  

...do 

...do 

...do 

...do 

Kew  London. 

..  do 

...do  

ToUand 

Windham  ... 

...io  

...do 

...do 


.do. 
.do  . 
.do  . 


....do 

...do 

...do 

...do 

.--.do 

.-..do 

Providence  . 

Kent 

Worcester  . . 
...do 


Kind  of  mill  or  manu- 
factm-e. 


Fertilizers 

Cordage  and  twine  — 

Tin,  copper,  etc 

Cotton 

Woolen 

Silk 

Saw 

Wooden  packing-boxes 

Blacksmithing 

Wheelwrighting . . . 

Cotton 

Woolen 

...do 

Cotton 


Print  works 

Woolen 

Bagging,  etc 

Flour  and  grist 

..do 

..  do 

Paper 

Spectacles   and    eye- 
glasses. 

Cutlery  and  edge-tools 

Saw 

Machinery 

Marble  and  stone  work 

Carriage  and  wagon 
materials. 

Flour  and  grist , 

Saw  , 

Cotton , 


Woolen 

Cotton 

Woolen 

Shoddy 

Linen 

Flour  and  grist 

Saw 

Wooden  packing-boxes 

Wire , 

Cutlery  and  edge-tools 

Cotton 

AVoolen 

Flour  and  grist 

Saw 

Cotton 

Woolen 

Twine,  etc , 


Upholstering      mate- 
rials.* 

FlouT  and  grist 

Saw 


Sashes,     doors,     and 

blinds. 
Wheelwrighting.  ... 
Carriages  and  wagons . 

Machinery 

Saddlery  hardware  -. 

Fertilizers 

Drugs  and  chemicals  . 

Saw 

..  do 

Woolen 

Bagging,  etc 


3 


14J 
40 

12 

22 

13 

7J 

12 
7 


20 
16 

60 

27 
84 
157 
12-1- 
72 


43-f 

17 

32 

75 

34 
625 
70 
9 
12 

272 
311-f 
8 

304- 
i 

15+ 


13 
20 
39 
47 
31 
12 


B.P. 

24 

15 

65 

60 

50 

102 

57 

12 

4 

5 

3,440 

340. 

100 

1,110 

285 
475 

138 

60 


81 
40 
25 
20 
20 

52 

81 

760 

250 
461 
1,265 
105 
275 
158 
128 
60 
20 
103 


49 
2,648 
331 
100 
60 

640 
692-1- 
8 

59 
35 
20 
5 
32 
20 
37 
88 
53 
360 


IT.  P. 


1,035 


390 

175 

30 

m 


15 


1,106 
300 


40 


55 
300 


Remarks. 


Fall  included  above- 


Three  mills  at  South- 
bridge  and  two  in 
Stnrbridge. 


Southbridge. 


Grrosvenordale  Cont- 
pany. 


215 


46 


WATER-POWER  OF  THE  UNITED  STATES. 


JJtiliztd  poicer  on  tributaries  of  the  Thames  river — Oontiuued. 


stream. 


All  other  tributaries . 
Do 


Do. 
Do. 
Do 


Do 

Do 

Do 

Do 

Tantic  river .' 

Do 

Do 

Do 

Do 

Do 

Do 

Tributariefl 

Do 

Do 

Sundry  small  tribuiariea  . 

Do 

Do .■-... 

Do 


Do- 
Do. 
Do. 


Tributaiy  to  -what. 


Qainebaug.. 
...do 


da. 
do. 
do. 


...ao  

...do.... 
...do.... 
...do.... 
Thames. . 
...do.... 
..  do  .... 
...do  .... 
...do  .... 
...  do.... 
...do..., 
Taatic . . 
...do  .... 
....do... 
Thames. 
....do... 
...  do  .... 
....do  ... 


.do. 
.do. 
.do. 


State. 


Massachusetts. 
...do 


.do. 
.do  . 
do. 


...do 

...do 

...do 

..  do 

Connecticut  . 

...  do 

...do 

...  do 

...do 

...do 

...do 

...do 

...do 

....do 

..-.do 

...  do 

...do 

—  .do 


.do. 
.do. 
.do. 


County. 


Worcester. 
...do....... 


.do. 
.do. 
.do. 


...do 

Hampden 

...do 

...do 

New  Loudon. 

...do 

...do 

...do 

..  do 

....do 

.. ..do.. .-.--- 

.--.do 

...do 

....do 

...do 

...  do 

...do 

....do 


.do. 
.do. 
.do. 


Kind  of  miller  manu- 
facture. 


Buttons 

Spectacles   and    eye- 
glasses. 

Flour  and  grist    

Saw 

Sasbes,     doors,      and 
blinds. 

Cntlery  and  edge-tools. 

"Woolen 

Saw 

Brick-  and  tile-works. . 

Cotton .  > 

Woolen 

Vulcanized  rubber — 

Paper 

riour,  grist,  and  saw  . 

Fire-arms  

Spools 

Flour  and  grist 

Saw 

Wheelwrighting 

Cotton 

Woolen ■ 

Paper 

Dye  woods,  dye-stuffs, 
and  extracts. 

Flour  and  grist 

Saw 

Wheelwrighting 


Feet. 

n 

9 

29 

38-1- 

12J 

15-)- 


21 
42 
107 
30 
30 
U 


28 

50 

7 

139 

121 

129 

14 

208 

117 

7 


o 


n.  p. 


49 

87 
25 

11 
115 

36 

45 

1,275 

315 

175 

105 

60 

95 

34 
112 
9 
480 
275 
280 

50 

224 

151 

5 


s 

09 

1  = 

s 
<1 


B.P. 


150 


400 
210 


245 
70 


BemarkB. 


II.— THE   OONNEOTIOUT   RIVER  AND   TRIBUTARIES. 


THE   CONNECTICUT  RIVER. 

This  stream,  the  most  importaiit  one  reaching  Loug  Island  sound,  rises  in  the  Connecticut  lakes,  in  the 
extreme  northern  part  of  New  Hampshire.  It  flows  in  a  general  southerly  direction,  forms  the  boundary  between 
New  Hampshire  and  Vermont,  and,  passing  across  the  states  of  Massachusetts  and  Connecticut,  empties  toward  the 
eastern  end  of  the  sound.  Its  length  by  general  course  is  about  300  miles ;  following  the  windings  as  closely  as 
possible  on  state  maps,  the  length  measures  about  375  miles,  and  probably  this  is  somewhat  under  the  true  distance. 
The  drainage  basin  includes  10,924  square  miles.  In  shape  it  is  loug  and  narrow,  ranging  from  40  to  50  miles  in 
width  in  the  upper  course,  and  not  much  exceeding  60  miles  in  Massachusetts,  where  it  is  widest.  In  the  north 
the  section  drained  by  the  river  is  hemmed  in  by  the  White  mountains  of  New  Hampshire  and  the  Green  mountains 
of  Vermont;  to  the  southward,  through  Massachusetts  aud  Connecticut,  the  water-shed  lines  are  continued  by 
ranges  of  high  rocky  hills.  The  character  of  the  country  thus  included  has  been  sufilciently  described  in  the 
general  remarks  upon  this  part  of  New  England.  The  impermeable  rock  which  underlies  the  surface,  the  sands, 
gravels,  aud  clays  of  the  drift  soil,  all  favor  the  formation  of  springs,  which,  together  with  numerous  lakes  aud 
storage  reservoirs,  render  the  various  minor  streams,  and  in  consequence  the  main  river,  steady  and  well 
sustained  in  droughts. 

For  the  first  200  miles  from  its  source  the  river  contains  numerous  shoals  and  rapids  and  occasional  abrupt 

pitches;  but  below  Bellows  Falls  the  general  descent  becomes  much  slower,  and  is  broken  by  falls  or  important 

rapids  at  only  three  points — Turner's  Falls  and  Holyoke,  Massachusetts,  and  above  Wiudisor  .Locks,  Connecticut. 

At  many  localities  along  the  ujjper  course  the  high  hills  which  inclose  the  valley  approach  close  to  the  stream,  and 

give  rise  to  scenery  which  is  beautiful  though  rather  rugged ;   farther  south,  and  especially  in  the  vicinity  of 
216 
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Nortliainpton,  Massachusetts,  the  scenery  is  reudercd  less  ragged,  but  none  the  less  attractive,  by  extensive  and 
.  fertile  meadows.    These  mainly  disappear  near  Middletown,  Connecticut,  and  thence  to  the  mouth  the  hill-slopes 
rise  gradually  from  the  water's  edge. 

The  Connecticut  is  navigable  to  Hartford,  49^  miles  from  the  mouth,  for  schooners  and  large  steamboats,  and 
by  means  of  the  Windsor  Locks  canal  small  boats  are  enabled  to  ascend  as  far  as  Holyoke;  but  the  navigation 
above  Hartford  is  of  little  consequence,  and  even  in  ascending  to  the  latter  city  considerable  trouble  is  experienced 
during  low  water  by  the  larger  craft.  In  former  years,  by  means  of  canals  around  the  various  falls,  navigation  was 
•  carried  on  quite  a  distance  above  the  northern  Massachusetts  line,  or  probably  over  200  miles  from  the  mouth;  but 
the  development  of  railroads  put  an  end  to  such  use  of  the  river  above  the  limits  previously  mentioned.  More  or 
less  money  is  annually  expended  in  dredging,  and  (o  some  extent  in  more  permanent  works,  such  as  wing-dams,  on 
the  navigable  portion  of  the  river.  A  plan  has  also  been  devised  for  a  canal,  to  run  from  the  head  of  the  Enfield 
rapids  to  the  mouth  of  the  Hockanum  river,  a  distance  of  about  17  miles.  The  estimated  expense  of  carrying  out 
this  plan  is  $1,300,000,  (a)  but  no  appropriation  has  yet  been  made  by  Congress  at  all  adequate  for  beginning  work. 
One  of  the  most  important  interests  on  the  river  is  that  of  lumbering.  The  timber  is  cut  about  the  extreme  upper 
waters,  and  consists  almost  entirely  of  spruce.  At  Mclndoe's  Palls  it  was  stated  that  the  annual  "  drive  "  down  the 
river  amounts  to  from  60,000,000  to  80,000,000  feet,  of  which  from  10,000,000  to  12,000,000  feet  are  sawed  at  that 
point;  the  remainder  passes  down  and  is  distributed  among  difl'erent  mills  as  far  south  as  Hartford,  Connecticut. 

The  points  at  which  the  river  is  now  utilized  for  power  are,  in  order  ascending,  Windsor  Locks,  Connecticut, 
•where  a  fall  of  about  30  feet  is  obtained  ;  Holyoke,  59  feet ;  Turner's  Falls,  41  feet;  Bellows  Falls,  54^  feet ;  Olcott 
falls  (now  being  developed),  35  feet ;  and  Mclndoe's  Falls,  12  feet.  Above  Mclndoe's,  in  the  extreme  upper  waters, 
there  are  said  to  be  numerous  dams,  with  falls  of  about  9  feet  each,  but  these  privileges  are  probably  not  all  used 
for  power. 

Table  nhozvivg  the  fall  in  the  Connecticut  river. 


Locality. 


Distance 

from  mouth 

of  river. 


Third  lake 

-fiecond  lake 

'Connecticut  lake 

West  Stewartstown 

North  Stratford , 

Head  of  fifteen-Mile  falls 

-Lower  Waterford 

-Foot  of  Mclndoe*s  falls 

Wells  river  , 

"^Oxford 

Ledyard  "bridge,  Hanover 

■  White  River  Junction 

'Windsor 

-Beaver  Meadows,  Charlestown. 

.Head  of  Bellows  falls 

"Fool  of  Bellows  falls  

Westmoreland  

-Mouth  of  Ashuelot  river 

"Top  of  Turner's  Falls  dam 

iPitchburg  Knilroad  crossing 

Top  of  Holyoke  dam 

Topof  Enfieia  dam 

?Foot  of  Enfield  rapids 

Xow-water  mark  at  H.irtford  ... 
TMouth  of  river 


Miles. 
375 

369 

361 

344 

312 

285 

273 

262 

255 

230 

213 

209 

196 

181 

170 

169.5 

159 

136 

120 

115 
84 

65.6 
60.4 
49.5 


Height 
above  tide. 


Feet. 
2,038 

1,882 

1,618 

1,035 

885 

830 

643 

432 

407 

380 

375 

339 

304 

289 

283 

234 

219 

206 

172.  93 

109 

97.69 

38.  09 

6.29 

0.09 

0.00 


Fall  be- 
tween 
points. 


FeeL 

156 
264 
583 
150 

55 
187 
211 

25 

27 
5 

36 

35  . 

15 
6 

49 

15 

13 

33 

75.24 

59.60 

31.80 

6.20 

0.09 


Distance 
between 
points. 


Miles. 


32 
27 
12 
11 

7 
25 
17 

4 
13 
15 
11 

0.5 
10.5 
23 
16 


5.2 
10.9 
49.5 


Fall  per 
mile  be- 
tween 
points. 


Feet. 

32.4 

4.7 

2 

15.6 
19.2 

3.6 

1.1 

0.3 

9 

2.7 

1 

0.5 


1.4 
0.6 
2.1 


6.1 

0.6 


Authority  for  elevations. 


Hitchcock's  Atlas  o/New  Hampshire. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

W.  P.  Crockir.  engineer  of  Turner's  Falls  Company. 

Fitchburg  Railroad  profile. 

Elevation  is  97.6  feet  above  low-water  maik  at  Hartford,  but 

is  hero  referred  to  mean  level  of  Long  Island  sound. (a) 
Same  datum  plane  as  above,  (a) 
Do.(o) 


Do.  (a) 


a  From  surveys  by  General  Theodore  &.  Ellis,  United  States  assistant  engineer. 

The  volume  of  water  flowing  in  the  Connecticut  river  lias  been  repeatedly  measured  at  difterent  points  in  its 
•course.  As  stated  in  the  introductory  remarks  regarding  the  flow  of  streams,  the  discharge  at  Hartford  was  noted 
■daily  for  the  eight  years,  1871-'78,  under  the  supervision  of  General  Theodore  G.  Ellis,  United  States  assistant 
•engineer,  and  the  results  thus  obtained  are  of  the  greatest  value. 


a  Bepori  of  the  Chief  of  Engmeers,  U.  S.  arm;/,  for  1881,  page  568. 
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A  number  of  careful  measurements  of  flow  have  also  been  made  at  Hanover,  New  Hampshire,  by  Professor 
Eobert  Fletcher,  of  Dartmouth  college,  through  whose  kindness  the  following  data  were  furnished. 

Flow  of  the  Connecticut  river  at  Hanover,  New  Hampshire. 

[Measurementa  (a)  by  Professor E.  Fletcher.] 


Date. 


September  20  and  21, 1879  . 

August  IS,  1880 

October  9, 1880 

October  26, 1880 

Juno  9, 1881 

October  14,  1881 

October  21, 1881 


Stage  of  water. 


11 


3  3  * 


.TS         O 
5  HO 

a    .= 
to  a  a 


=  '■§ 
it 

■^  s 
5  S 


^Ij 


a 


Feet. 


Low 

Very  low 

..  do 

Medium  full  banks  . 

Ordinary 

Low 

Ordinary 


1.9 

0.68 

1.50 


Feet. 
0.57 


0.410 
1.48 
1 
0.465 


12 


15 
23 


Sq.feet. 
2,1:44 
2,250 
2,403 
3,400 
3,250 
2,670 
3,4C0 


5 

P. 


CJ 


Feet. 
13i 
14J 
15 

10.6 
17i 
16J 
19 


Bemarks. 


_l_ 


235 
238 
256 
2,'i2 
240 
240 


Cub.feet. 
1,280 

No  result. 
1,000 
5,030 
3,,250 
1,210 
4,070 


Not  very  exact. 
Not  very  exact. 

Best  result  yet  obtained. 


a  Professor  Fletcher  states  that  these  measurements  were  made  "  b,y  the  method  of  floating  tubes  and  rods  reaching  to  within  a  few  inches  of  the  bottom,  so- 
that  each  tube  or  rod  would  give  approximately  the  mean  velocity  in  that  thread  of  the  current.  The  results  are  generally  a  little  too  large,  owing  to  unavoidable 
clearance  below  the  lubes  "■ 

It  is  stated  by  Messrs.  D.  H.  and  J.  C.  Newton,  of  Holyoke,  that  September  1,  1883,  in  very  lowest  water  (the 
streams  generally  ran  remarkably  low  during  the  summer  and  fall  of  that  year),  a  measurement  of  flow  at  Sumner's 
falls,  a  few  miles  below  White  Eiver  Junction  and  10  or  12  miles  below  Hanover,  showed  it  to  be  1,377  cubic  feet 
per  second. 

The  flow  in  cubic  feet  per  second  to  the  square  mile  of  drainage  area,  as  shown  by  these  various  measurements, 
may  be  briefly  presented  as  follows: 


Floic  of  the  Connecticut  rvoer  relatively  to  drainage  area. 

Locality. 

Drainage 
area. 

Date  of  ganging. 

Flow  per 
second. 

Flow  per 

second  to 

the  square 

mile. 

Bemarks. 

Hanover,  New  Hampshire 

Do 

Sq.  miles. 

■     3,316  ■■ 
4,234 

•  10,164  • 

September  20  and  21, 1879 

October  9  IfifiO 

Cubicfeet. 
1,280 
1,006 
5,030 
3,250 
1,210 
4,070 
1,377 
5,208 
5,538 

5,000 
139,410 
113,  291 

205,464 
20,  208 

Cubicfeet. 
0.386 
0.303 
1.517 
0.980 
0.365 
1.227 
0.325 
0.613 
0.545 

0.492 
13.  730 
11. 157 

20.  235 
1.990 

Low  stage;  result  not  very  exact. 

Very  low  stage;  result  not  very  exact. 

Medium  full  banks. 

Ordinary  stage. 

Low  stage. 

Ordinary  stage. 

Extremely  low  stage. 

Lowest  discharge  for  the  eight  years,  1871  to  1878. 

Average  of  lowest  gaugtngs  in  each  of  the  eight  years,  1871 
to  1878. 

Flow  at  zero  of  gauge,  or  assumed  low- water  mark. 

Highest  discharge  for  tbe  eight  years,  1871  to  1878. 

■4-^rage  of  highest  gangings  in  each  of  the  eight  years. 

Estimated  discharge  in  highest  freshet  known. 
Average  discharge  for  the  entire  eight  years,  1871  to  1878. 

Do  

Do 

Jane  9, 1881 

Do 

October  14  1881 

Do 

October  21  1881 

Sumner's  falls 

September  I  1882 

Hartford 

December  15  1874 

Do 

Do 

Do 

December  12  1878 

Do 

Do 

May  1854 

Do  

DESCRIPTION  OP  WATEE-POWEES. 

Power  at  Windsor  Lodes.— The  privilege  to  be  described  is  located  about  a  dozen  miles  above  Hartford,  and 
has  been  developed  on  the  west  bank  of  the  river.  The  latter  descends  for  5  miles  in  rapids  over  a  rocky  bed,  with 
a  fall  from  still  water  above  the  rapids  to  still  water  below  of  31.8  feet  in  ordinary  low  water,  and  of  33  feet  in 
extreme  low  water.(fl)  The  village  of  Windsor  Locks  is  of  moderate  size  (the  entire  town  contains  a  population  of 
2,300),  and  would  have  no  importance  but  for  the  manufacturing.  It  is  60  miles  from  Long  Island  sound,  and 
accessible  to  a  very  limited  extent  for  navigation  by  light-draught  boats.  The  New  York,  New  Haven,  and  Hartford 
railroad  passes  through  the  village  along  the  right  bank  of  the  canal,  on  the  opposite  side  of  which  are  the  mills. 
The  country  is  somewhat  hilly  on  either  side  of  the  river,  rising,  frequently  by  long  gradual  slopes,  to  sandy  uplands. 

The  hydraulic  improvements  consist  in  the  main  of  a  dam  at  the  head  of  the  rapids  and  a  canal  5^  miles  long 
down  the  west  bank  to  tlie  foot.    They  are  stated  to  have  cost,  in  round  numbers,  $200,000.    The  dam  extends 
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across  the  river  in  a  broken  line,  reaching  well  up  stream,  and  has  a  total  length  of  say  1,500  feet,  more  or  less. 
The  dam  was  built  fifty  years  ago,  and  until  lately  consisted  of  two  wings  running  out  from  either  side  of  the  river, 
and  leaving  at  the  center  an  opening  of  150  feet  for  the  passage  of  boats  and  rafts.  It  has  a  height  of  3  feet  at  the 
center  of  the  stream,  rising  considerably  toward  the  abutments.  It  is  built  of  logs  and  filled  in  with  stone,  slopes  at 
once  back  from  the  crest,  and  from  age  and  exposure  is  getting  into  poor  condition.  The  opening  near  the  middle 
of  the  river,  which  has  been  spoken  of,  has  recently  been  closed  by  a  section  of  new  dam,  270  feet  long,  overlapping 
the  opening  and  built  just  below  the  old  dam,  so  that  it  can  in  time  be  conveniently  extended  clear  across  the 
river  and  take  the  place  of  the  old  structure.  This  new  portion  is  also  built  as  a  timber  and  stone  crib-work,  in 
part  bolted  upon  and  in  part  sunk  into  bed  rock,  is  30  feet  wide  at  the  base,  and  has  a  sloping  back,  with  a  level 
top  12  or  15  feet  wide,  Midway  of  the  length  there  is  a  fish-way  40  feet  long.  The  new  dam  has  been  built  perhaps 
15  inches  higher  than  the  adjacent  portions  of  the  old  one,  and  in  consequence  of  the  obstruction  which  has  thus 
taken  the  place  of  the  old  water-way  it  is  claimed  that  the  river  has  been  set  back  injuriously  upon  the  water- 
privilege  at  Holyoke,  18  miles  above,  and  the  two  water-power  companies  are  now  involved  in  a  lawsuit  upon  the 
question.  The  bulkhead  at  the  entrance  of  the  canal  is  of  sandstone  rubble  masonry  in  cement.  About  one-half 
of  it  has  been  rebuilt,  and  is  much  better  work  than  the  older  portion.  The  new  part  has  cut-stone  piers,  between 
which  are  turned  brick  arches,  and  is  faced  with  oak  timber  on  the  up-stream  side.  There  are  in  all  fourteen  gate- 
openings,  each  about  3  by  5  feet  in  size.     A  guard-lock,  19  feet  wide,  permits  the  passage  of  boats. 

High  ground  rises  so  rapidly  from  the  river  that  the  canal  nowhere  runs  more  than  about  150  feet  distant  from 
the  latter  and  through  a  great  part  of  its  course  the  two  are  separated  only  by  an  artificial  embankment  formed  of  the 
material  excavated  from  the  side-hills.  Some  3,500  feet  below  the  bulkhead  there  was  formerly  a  set  of  stop-gates, 
by  which  the  water  in  the  canal  above  them  could  be  raised  5  feet,  so  as  to  equalize  the  pressure  within  and  without 
and  render  the  embankment  more  secure  during  high  freshets,  but  only  the  piers  of  the  gates  now  remain.  The 
width  of  the  canal  ranges  from  44  to  160  feet,  averaging  about  80  feet  above  the  village  of  Windsor  Locks  and  about 
55  feet  through  the  village.  The  present  depth  at  the  center  is  stated  to  be  6  feet,  but  it  is  designed  to  increase 
this  to  7  feet,  and  correspondingly  to  alter  the  locks  so  as  to  admit  boats  of  the  same  size  as  those  on  the  Erie  canal. 
Stony  brook,  a  small  stream,  is  crossed  by  the  canal  on  an  aqueduct  about  100  feet  long,  of  five  15-foot  spans. 
Prom  long  use  this  aqueduct  has  come  to  need  repairing;  it  is  also  somewhat  leaky,  and  has  insufhcient  capacity 
for  properly  passing  the  water  required  in  the  canal.  It  is  now  being  rebuilt  in  part,  and  so  widened  as  to  give  a 
clear  breadth  at  water-surface  of  83  feet.  The  mills  are  situated  in  a  line  along  the  river  side  of  the  canal,  opposite 
the  lower  portion  of  the  rapids.  After  passing  the  mills  the  canal  descends  to  the  river  through  three  locks,  which 
are  in  very  poor  condition. 

The  concerns  in  1880  supi>lied  with  power  were  as  follows:  Seymour  Paper  Company;  Windsor  Locks  Machine 
Company;  A.  W.  Converse  &  Co.,  foundery  and  machine-shop;  the  E.  Horton  &  Son  Company,  lathe-chucks;  J.  E. 
Montgomery  &  Co.,  cotton  warps;  D wight.  Skinner,  &  Co.,  wool  graders  and  scourers;  George  P.  Clark,  patent 
rubber  rollers ;  Medlicott  Company,  knit  goods ;  C.  H.  Dexter  &  Sons,  manila  paper,  flour,  grain,  feed,  and  lumber; 
Dwight  Allen,  silk  manufacturer;  P.  H.  Whittlesey,  tissue  paper;  and  the  Farist  &  Windsor  Steel  Works. 

There  is  but  one  level  in  use,  water  being  drawn  from  the  canal  and  discharged  directly  into  the  river.  The 
falls  obtained  at  the  mills,  in  the  most  favorable  stage  of  water,  range  from  20  to  26  or  28  feet.  According  to  the 
returns  of  the  census  enumerators,  the  total  horse-power  of  wheels  in  use  here  in  1880  was  between  1,800  and 
1,900.  The  owner  of  this  watei'-privilege  is  the  Connecticut  Eiver  Company,  which  was  chartered  in  1824  by 
the  state  of  Connecticut.  The  main  ebject  of  the  company  appears  to  have  been  originally  to  assist  the  navigation 
of  the  river  by  providing  a  passage  around  the  rapids,(a)  and  the  needs  of  that  interest  must  still  he  first  served 
by  the  company,  but  navigation  has  really  sunk  to  a  position  of  minor  Importance  in  comparison  with  the  use  of 
the  improvements  for  water-power.  The  Connecticut  Eiver  Company  gives  a  perpetual  lease  of  water  and  land  to 
users  of  its  power.  The  rates  actually  charged  vary  according  to  circumstances,  but  the  nominal  water-rental  is 
$2  50  per  square  inch  under  30  inches  head.(6) 

a  Lying  opposite  the  town  of  Enfieid,  tliese  are  known  as  the  "  Enfield  rapids". 

b  Assuming  the  discharge  to  he  measured  through  a  rectilinear  opening  in  a  thin  vertical  plate,  with  complete  contraction,  the  head 
remaining  constant,  a  square  inch  of  water  under  30  inches  head,  is  equivalent  according  to  Trautwine,  to  0.05425  cubic  foot  per  second. 
This  corresponds  to  the  gross  or  theoretical  horse-power  and,  at  the  rate  of  |2  50  per  square  inch,  to  the  prices  given  below,  under  various 
effective  falls : 

Equivalents  of  1  square  inch  under  30  inches  head  =  0.05425  cubic  foot  per  second. 
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horse- 
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Theoretical 
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Coat  at  $2  50 

per  square 

inch. 
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fall. 

Theoretical 
horse- 
power. 

Coat  at  $2  50 

per  square 

inch. 

Feet. 
20 
21 
22 
23 

9.]  23 
0.129 
0.136 
0.142 

Per  S.  P. 

$20  30 
19  40 
18  40 
17  60 

Feet. 
24 
25 
26 
27 

O.l-IB 
0.15* 
0.160 
0.166 

Per  n.  r. 

$10  90 
16  20 
15  60 
15  10 

Feet. 
I        28 
29 
30 

0.173 
0.179 
0.185 

Per  B.  P. 

$14  50 

14  00 

13  50 

XTOTE.— With  good  tnrhines,  from  60  to  80  percent,  of  the  theoretical  power  can  ordinarily  ho  realized. 
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Witli  tbe  fall  at  comimiad  at  Windsor  Locks  the  amouut  of  power  to  be  obtained  from  the  Connecticut  river  is 
theoretically  very  great,  though  for  realizing  it  most  thoroughly,  the  preseut  improvements  are  not  the  best  suited. 
A  caiiiil  of  so  great  length  as  there  employed  has  evident  objections  aside  from  the  original  cost,  and  by  the  location 
of  tbe  dam  so  far  up  stream  a  considerable  anionnt  of  available  storage  room  is  lost.  It  is  to  be  remembered, 
however,  that  the  hydraulic  works  were  designed  mainly  for  the  assistance  of  navigation,  and  they  are  therefore 
not  fo  be  judged  wholly  as  water-power  improvements.  The  question  of  a  much  greater  extension  in  the  use  of 
■power  at  this  privilege  must  depend  largely  upon  one  or  two  contingencies.  If  the  company  should  be  permitted 
to  maintain  a  continuous  dam  across  the  river  of  the  height  of  the  new  section^  it  will  have  neaily  the  whole  flow 
■of  the  stream  in  its  control,  and  by  proper  enlargements  and  extensions  of  the  canal,  which  would  no  doubt  be 
very  expensive,  could  supply  with  power  large  additional  manufacturing  interests.  If,  on  the  other  hand,  it  should 
be  compelled  to  remove  the  obstruction  caused  by  the  new  section  of  dam,  and  to  leave  a  gap,  as  formerly,  in 
midstream,  the  available  supply  of  water  would  be  no  greater  than  heretofore.  It  is  claimed,  nevertheless,  that 
even  with  that  supply,  with  the  canal  of  its  contemplated  enlarged  dimensions  as  regards  depth  and  width  at  the 
aqueduct,  a  very  considerable  increase  in  manufacturing  can  be  accommodated,  and  there  is  much  building-room 
.still  vacant  along  the  lower  course  of  the  canal. 

With  the  entire  flow  of  the  river  at  command,  the  gross  or  theoretical  power  at  this  privilege  may  be  estimated 
as  in  the  following  table: 

Ustimate  of  the  theoretical  power  of  the  Connecticut  river  at  Windsor  Locks  under  different  falls. 
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704.3 
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19,  720 
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22,400 

33  feel 
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17,0601 

18, 370  I 

23, 240  J 


Effective 
horse- 
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utilized  in 
1880. 


1, 800-1, 900 


Ice  is  a  common  hinderance  experienced  in  New  England  in  the  use  of  water-power,  and  at  Windsor  Locks  the 
principal  inconvenience  seems  to  arise,  directly  or  indirectly,  from  that  cause.  Ice  troubles  there,  both  in  the  river 
and  in  the  canal.  A  large  amount  of  cake-ice  runs  down  the  river  at  the  time  of  the  spring  break-up.  The  most 
-dangerous  run  comes  from  below  Holyoke,  as  the  dam  at  the  latter  point  holds  back  the  ice  in  the  river  above, 
usually  for  a  month  after  it  has  broken  up  in  the  section  below,  and  allows  it  to  rot  before  going  out.  The  power 
•of  the  floating  ice  is  very  great,  and  has  been  known  easily  to  crush  a  heavy  shore- wall  near  the  Seymour  Paper 
-Company's  mill,  and  this  company,  for  protection,  has  been  obliged  to  build  a  strong  V-shaped  ice-breaker.  Even 
this,  constructed  in  the  most  substantial  manner  and  bound  with  iron  straps,  has  been  injured  on  at  least  one 
•occasion. 

On  the  rapids  in  the  river  thick  ice  cannot  easily  form,  if  it  does  at  all;  but  skim-ice  makes  and  floats  down 
:8tream.  On  coming  to  an  important  obstruction,  such  as  solid  ice,  it  is  pushed  in  under  and  causes  a  temporary 
gorging,  until  the  pressure  of  the  water  is  great  enough  to  force  a  passage.  This  is  natural  to  the  river  here  and 
has  always  been  experienced  more  or  less,  but,  being  of  short  duration,  was  not  formerly  considered  a  serious 
hinderance.  The  gorge  usually  occurred  about  1  mile  below  Windsor  Locks.  But  the  government  having  built  a 
low  pier,  or  wing-dam,  some  5  or  6  miles  below  the  village,  a  mucb  more  important  and  permanent  gorging  now 
occurs  at  that  point  in  many  winters,  and  is  liable  to  occur  in  every  winter.  This  causes  backwater  which  sets 
up  over  the  foot  of  the  rapids  at  Windsor  Locks  and  permits  the  formation  of  thick  ice  where  before  it  did  not  make. 
It  causes  a  serious  inconvenience  to  some,  at  least,  of  the  mills,  and  the  manager  of  the  Seymour  Paper  Company 
stated  that  the  building  of  the  government  pier  had  probably  caused  his  company,  indirectly,  a  loss  of  several 
thousand  dollars.  Its  mill  is  the  farthest  up  the  river  of  any,  and  yet  during  an  entire  winter  its  head  has  been 
reduced  constantly  by  as  much  as  5  feet.  Spring  high  water  also  causes  a  reduction  in  head  of  perhaps  10  feet  at 
times.  The  height  of  the  flood  seldom  lasts  more  than  twenty-four  hours,  and  in  some  years  there  is  an  important 
loss  of  head  for  no  more  than  a  day  or  two,  while  in  other  years  it  continues  for  as  much  as  two  weeks. 

Anchor-ice  troubles  both  at  the  head-gates  and  in  the  canal.  At  the  former  it  collects  and  hinders  the 
working  of  the  gates,  while  in  the  canal  it  clogs  the  racks  at  the  entrances  to  the  flumes,  and  gets  into  the  wheel- 
pits 'and  the  wheels  themselves.  The  Seymour  Paper  Company  sometimes  has  to  keep  a  man  at  work  all  night 
raking  anchor-ice  from  its  rack,  and  has  also  to  introduce  a  jet  of  steam  into  the  flume  to  disperse  it  there  and 
(keep  it  from  the  wheels.    It  is  thought  that  trouble  from  anchor-ice  in  the  canal  has  perhaps  been  aggravated 


THE  REGION  TRIBUTARY  TO  LONG  ISLAND  SOUND.  51 

by  the  current  being  so  swift  at  points  tbat  the  surface  of  the  canal  did  not  freeze  solidly  over,  and  it  i& 
hoped  that  by  the  contemplated  increase  in  the  capacity  of  the  latter  thi-  current  will  be  reduced  and  the  difFiculty 
remedied. 

In  yet  another  way  ice  hinders  seriously  in  the  canal.  Opposite  the  upper  mills  the  current  is  swift  enough 
so  that  thick  surface-ice  does  not  form;  but  below,  toward  the  end  of  the  canal,  there  is  a  nearer  approach  to 
dead  water,  and  in  consequence  thick  ice.  Now,  at  the  canal  bulkhead,  the  direction  of  the  dam  serves  to  send 
skim  ice  toward  the  gates;  anclior-ice  also  forms  there  at  times,  as  has  been  said,  and  from  one  or  both  causes 
a  practical  gorging  ensues,  and  the  entrance  of  water  into  the  canal  is  much  obstructed.  The  latter  being  drawn 
down  by  the  mills,  the  surface-ice  in  the  lower  course  breaks,  sinks  to  the  bottom,  and  there  freezes  to  it.  In 
this  way,  and  perhaps  by  repeated  occurrences,  the  canal  becomes  almost  filled  at  the  lower  end  with  a  solid 
mass  of  ice,  and  in  extreme  cases,  as  it  was  stated,  "  some  of  the  mills  coulcf  scarcely  get  water  enough  to  put 
out  a  fire."  \Vhen  such  an  ice-clog  forms,  it  has  to  be  left  until  there  comes  a  sufficient  change  in  the  weather  to 
thaw  it  out. 

Power  at  Hohjolie.(a) — The  river  at  this  point  makes  a  long  but  bold  curve,  and  flows  in  rapids  over  a  bed  of 
gravel  and  ledge  rock.  The  land  inclosed  by  the  bend  is  comparatively  level,  rising  gradually  away  from  the 
stream  to  hills  of  moderate  height.  The  dam  is  on  the  upper  part  of  the  bend,  while  the  canals  run  across  and 
around  it.  On  the  north,  or  left  bank,  is  the  little  village  of  South  Hadley  Palls,  and  on  the  opposite  bank,  or 
within  the  bend,  is  the  city  of  Holyoke. 

The  first  attempt  to  use  the  water-power  here  was  made  in  1831,  when  the  Hadley  Falls  Company  ran  a  4,000 
spindle  cotton-mill,  diverting  water  to  its  wheels  by  a  wing-dam.  As  late  as  1847  this  and  a  grist-miH  were  the 
only  users  of  power.  The  Hadley  Palls  Company  failed  in  1857,  and  in  1859  the  Holyoke  Water  Power  Company 
was  organized,  and  bought  out  all  the  property  and  rights  of  the  old  company  at  a  low  price. 

The  first  dam  built  entirely  across  the  riv^er  at  Holyoke  was  30  feet  high,  and  had  a  nearly  vertical  face,  with 
a  base  of  60  feet;  it  was  built  of  12-inch  square  spruce  timbers,  forming  a  crib-work  with  a  back  slope  of  about 
30O  from  the  horizontal.  To  a  height  of  10  feet  the  interstices  were  filled  with  stone.  The  back  slope  was  planked 
to  the  same  height  and  covered  with  earth  and  gravel.  Above  this  level  gates  were  left,  so  that  when  the  coffer- 
work  was  transferred  to  the  other  side  of  the  river  and  that  portion  of  the  dam  was  being  built,  those  gates  in 
the  already  completed  section  served  to  pass  the  flow  of  the  stream.  The  construction  of  the  dam  was  finished  and 
the  gates  were  closed  November  19,  1848.  Leaks  at  once  appeared  beneath  the  structure,  the  base  proved  to  be 
too  small  in  proportion  to  the  height,  and  in  a  few  hours  after  the  closing  of  the  gates  the  dam  was  forced  from  its 
position  and  destroyed. 

The  second,  or  present,  dam  was  completed  October  22,  1849,  and  was  built  after  a  plan  similar  to  that  of 
the  first,  but  giving  greater  width  at  base,  and  with  greater  precautions  against  leakage.  It  rests  upon  bed  rock 
throughout,  to  which  it  is  strongly  bolted ;  the  various  courses  of  timbers  are  also  secured  to  each  other  by 
bolts.  In  construction  this  dam  is  a  crib- work  of  12  inch  square  timbers,  the  spaces  partially  filled  in  with  broken 
stone.  It  differs  from  many  high  crib- work  dams,  in  that  the  timbers  running  with  the  current  are  inclined  up 
stream  ;  they  make  an  angle  of  about  23°  with  the  horizon,  and  form  bents'  6  feet  apart.  A  layer  of  Mton  at 
the  foot  of,  and  carried  up  a  short  distance  on,  the  back  slope  prevents  leakage  under  the  dam.  The  crest  is 
protected  by  boiler-iron.  Porty-six  gates,  each  16  by  18  feet,  were  left  in  the  dam  during  construction  to  permit 
the.  water  of  the  stream  to  flow  through  temporarily.  This,  the  original  portion  of  the  present  structure,  and  what 
may  be  considered  the  dam  proper,  has  a  height  at  the  crest  of  about  35  feet  from  the  river-bed,  a  vertical  face,. 
and  a  base  of  about  88  feet. 

The  wearing  action  of  the  water  pouring  over  this  high  fall,  gradually  scoured  a  depression  25  or  30  feet  deep 
in  the  rock  immediately  below  the  dam,  and  rendered  necessary  the  present  apron,  which  was  completed  in  1870 
at  a  cost  of  $263,000.  It  is  a  log  crib-work,  filled  in  with  broken  stone,  extends  50  feet  down  stream  from  the  main 
dam,  its  upper  surface  having  a  slope  of  about  25°,  and  drops  off  vertically  at  the  down-stream  end. 

The  roll-way  of  the  Holyoke  dam  is  1,017  feet  long.  The  abutments,  bulkheads,  lock-walls,  and  waste-weirs 
are  all  strongly  built  of  rock-faced  cement  masonry,  and  the  upstream  face  of  the  main  bulkhead  is  dressed  smooth. 
The  north,  or  Hadley  Palls  abutment,  extends  back  a  distance  of  about  90  feet,  measured  from  its  upper  edge  next 
the  river  in  to  the  lock-opening.  Por  12  feet  back  from  the  liver  it  is  24  feet  wide  on  top,  and  for  the  remaining 
distance  13  or  14  feet  wide.  Adjacent  to  the  lock-opening  is  the  bulkhead,  measuring  about  20  feet  in  length 
between  the  outer  walls.  Between  the  bulkhead  and  the  bank  is  a  lock  16  feet  wide,  formerly  used,  as  well  as  the 
canal  below,  for  navigation  purposes.  From  the  bulkhead  a  canal  from  800  to  1,000  feet  long  leads  down  the  left 
bank  to  three  mills,  using  in  the  neighborliood  of  35  feet  fall  and  discharging  directly  into  the  river.  This  canal 
has  a  clear  waste-way,  just  below  the  bulkhead,  of  about  30  feet,  and  16  feet  more  taken  up  by  an  old  and  apparently 
neglected  fish-way. 

Measured  from  the  south  end  of  the  dam,  the  distance  along  the  top  of  the  adjacent  abutment  and  bulkhead 
to  the  lock-opening  is  172  feet.    The  bulkhead  is  about  40  feet  wide  with  the  current,  contains  twelve  large  gate- 


a  Information  regarding  this  power  was  kindly  furnished  by  Mr.  Clemens  Herschel,  bydrauiio  engineer  of  the  Holyoke  Water  Powei 
Company.  22^ 
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openings,  each  8  feet  wide  by  15  feet  deep,  separated  by  piers  abont  19  inclies  thick;  and  also  two  smaller  gate- 
openings,  each  4^  feet  wide  by  m  feet  deep;  it  is  surmounted  by  a  bri(.'k  building,  in  which  is  the  machinery  for 
working  the  gate's.  At  one  end  o'f  the  building  is  a  turbine,  furnishing  power.  It  acts  directly  to  turn  a  long 
horizon'tal  shaft  running  lengthwise  of  tlie  building,  above  the  gates.  Each  of  the  latter  has  two  vertical  wooden  ^ 
posts,  10  by  13  inches  in  size,  fastened  to  it  and  faced  on  one  side  with  iron  racks.  The  long  shaft,  operated  by 
the  turbine,  in  turn,  by  connecting  belts,  causes  a  series  of  cog-wheels  to  revolve,  the  last  of  these  engaging  and 
moving  the  racks  already  mentioned,  and  with  them  the  gates.  Each  gate  can  be  moved  independently  of  every 
other.     Commonly  the  water  stands  higher  outside  the  gates  than  in  the  canal ;  at  such  times  they  are  not  raised 

to  the  full  height,  and  in  consequence  of  the 
pressure,  power  is  required  to  close  them; 
but  in  low  water  the  gates  are  raised  entirely 
above  its  surface,  and  their  weight  alone  is 
sufficient  to  close  them. 

Adjacent  to  the  bulkhead,  and  forming 
the  river-wall  of  the  main  canal,  is  a  waste- 
weir  198J  feet  long ;  it  is  constructed  of  solid 
masonry,  and  rises  to  within  20  or  24  inches 
of  the  top  of  the  gate-openings  in  the  bulk- 
head; for  the  remaining  height  above  its 
crest  the  water-surface  in  the  canal  is  con- 
trolled by  temporary  flash-boards.  Of  the 
198^  feet  of  length,  40  feet  rises  above  the 
surface  of  the  water  in  the  canal,  and  about  5 
feet  above  the  crest  of  the  waste- weir  proper. 
This  portion  is  pierced  by  four  waste-gates, 
their  centers  about  20  feet  below  the  normal 
water-surface  in  the  canal;  these  gate-open- 
ings measure  5  feet  in  width,  and  from  5  feet 
to  65  inches  in  depth. 

The  system  of  canals  at  Holyoke  com- 
prises three  levels  from  which  water  is  drawn. 
The  first  or  upper  level  strikes  off  across  the 
bend  which  the  river  forms,  and  runs  at  a 
distance  of  from  2,800  to  3,400  feet  from  the 
latter ;  it  has  a  total  length  of  5,700  feet  at  present,  and  decreases  in  width  from  150  feet  near  the  bulkhead  to  say 
105  feet  at  the  lower  end.  The  water  depth  is  about  20  feet  near  the  bulkhead,  but  through  the  main  portion  of  the 
canal  is  uniformly  about  10  feet.  This  canal  is  walled  throughout  its  length  with  dry  stone,  to  a  height  generally  of 
2  or  3  feet  above  the  water-surface,  and  is  the  only  one  of  the  three  canals  that  has  been  completely  walled.  The 
fall  from  this  level  to  the  second  is  20  feet.  Near  the  upper  end  a  few,mills  discharge  from  it  directly  into  the  river, 
using  falls  of  from  32  to  40  feet.  The  second  level  runs  parallel  to  the  first  and  400  feet  nearer  the  river,  forming  a 
straight  reach  of  6,500  feet;  continuing  from  the  upper  end,  it  also  sweeps  around  through  a  further  distance  of 
2,600  feet  at  present,  running  parallel  to  the  curving  course  of  the  river  and  500  feet  distant  from  it.  Its  width 
decreases  from  150  feet  at  the  upper  end  to  90  feet  at  the  lower  end  of  the  straight  reach,  and  in  the  curving  portion 
lies  mainly  between  140  and  150  feet.  The  water  depth  in  this  level  is  uniformly  about  8  feet.  The  supply  of  water 
comes  from  the  first  level,  partly  as  tail-water  from  the  mills  and  partly  from  the  waste-weir  and  gates  between  the 
two  levels.  The  fall  to  the  third  level  is  11^  or  12  feet,  and  from  the  second  level  to  the  river  from  25  to  28  feet.  The 
third  level,  for  part  of  its  course,  runs  parallel  to  the  river,  at  a  distance  from  it  of  say  500  feet.  It  has  a  total  length 
of  from  3,500  to  4,000  feet,  a  width  of  about  100  feet,  and  a  water  depth  of  8  feet.  The  fall  from  this  level  to  the  river 
is  substantially  the  same  for  all  the  mills  using  it,  but,  according  to  the  stage  of  river,  ranges  from  15  to  27  feet. 

In  addition  to  the  wastfe-weir,  already  described,  near  the  bulkhead,  Laving  a  length  of  about  200  feet,  and 
discharging  into  the  river,  there  is  another,  of  40  feet,  over  which  water  descends  from  the  first  to  the  second 
level.  Closely  adjacent,  the  second  level  has  a  waste-weir  100  feet  long,  toward  the  river,  which  the  overflowing 
water  reaches  through  four  arched  openings  underground.  At  the  lower  end  of  the  second  level  there  is  another 
weir,  80  feet  long,  over  which  water  spills  to  the  third  level.  The  latter  has  a  similar  weir,  150  feet  long,  connecting 
with  the  river.  These  various  weirs  do  not  rise  to  the  ordinary  level  of  the  water-surface,  but  are  surmounted  by 
temporary  flash-boards,  varying  from  18  inches  to  2  and  even  3  feet  in  height,  used  for  maintaining  the  proper  level. 
At  each  weir  there  are  also  waste-gates  at  or  near  the  bottom,  which  may  be  used  in  connection  with  the  flash-boards 
for  regulating  the  level,  or  for  drawing  it  down  altogether. 

Holyoke  is  distant  by  rail  144  miles  from  New  York,  106  from  Boston,  103  from  Albany,  and  84  by  water  from 
the  mouth  of  the  Connecticut,  with  a  very  limited  navigation  over  the  latter  distance.    The  Connecticut  Eiver 


'"^"^  ^  t 


X 
o 


^( 

h^ 

a 

r5      — 
i;/ 

•^    1 

O 
7: 

>^ 

p         I 

^^^ 

f5        1 

^1^^^ 

T-*             1 

y^ 

R        1 

u         1 

^        1 

n 

1 

3 

^ 

m 

4- 

"l 

pa 

:c 

^ 

o' 

o 

p 

a 

o 

.       3 

O 

. 

P 

g. 

^ 

O 

•a 

^ 

Q 

4> 

>a 

Cn 

0 

o 

*^. 

OQ 

ri- 

S-' 

OS 

© 

^ 

s 

P 

n 

^ 

Cfi 

o 

I?t. 

:^ 

1L|         5^ 

CD 

t  s 

i      rn 

c 

3" 

^ 

o 

^ 

? 

^y 

t 

\ 

t: 

1 

c 

: 



THE  REGION  TRIBUTARY  TO  LONG  ISLAND  SOUND.  53 

railroad,  rnnniDg  from  Spriugfleld  iiortliward,  passes  through  the  city,  and  the  latter  is  also  entered  by  a  brauch 
froai  Westfleld  of  the  New  Haven  and  Northampton  railroad.  Spur-tracks  from  these  roads  skirt  almost  the  entire 
courses  of  the  canals,  giving  great  convenience  to  the  mills  for  shipping.  From  the  mere  village  of  twenty-five 
years  ago  Holyoke  had  grown  to  be  a  city  of  22,000  inhabitants  in  1880,  having  doubled  her  population  in  the 
preceding  ten  years.  It  would  be  diflflcultto  find  any  manufacturing  cily  giving  greater  evidence  of  substantial 
development  and  prosperity  than  this.  The  interests  are  very  considerably  diversified ;  the  mills  are  fine  modern 
structures  of  brick,  and  in  numerous  cases  of  great  size.  The  city  contains  handsome  churches,  schools,  and  other 
public  buildings;  the  signs  of  life  and  great  activity  are  everywhere  present,  and  at  the  basis  of  all  is  a  splendid 
water-power,  admirably  developed  and  enjoying  a  thoroughness  and  scientific  method  of  management  that  are 
probably  nowhere  surpassed. 

The  water-privilege  and  such  niauufacturiug  sites  and  other  lands  as  have  not  already  been  disposed  of  are 
controlled  by  the  Holyoke  Water  Power  Company,  having  a  capital  stock  of  $000,000. («)  This  company  owns 
undisputed  about  56  feet  of  I'all  from  the  top  of  its  dam  down  to  smooth  water  at  a  low  stage  below  the  third 
level;  it  also  claims  about  .-.  feet  more  fall,  but  that  is  involved  in  a  dispute  and  lawsuit  witli  the  Connecticut 
River  Company,  proprietors  of  the  privilege  at  Windsor  Locks.  Not  only  does  the  cou)pany  sell  land  and  lease 
power  to  be  improved  by  other  parties,  but  it  has  itself  built  several  fine  mills  in  which  it  rents  room  and  power 
to  various  concerns.  When  there  is  abundant  surplus  water  it  uses  that  as  a  source  of  power  for  these  mills,  but 
at  other  times  steam. 

Two  articles  in  the  ''  Proposals  by  the  Holyoke  Water  Power  Company  for  the  sale  of  its  mill-powers  and  land 
at  Holyoke,  Massachusetts",  are  as  follows: 

Article  II.  Each  mill-power  :it  the  respective  falls  is  declared  to  be  the  right,  duriog  sixteen  hours  in  a  day,  to  diaw  from  the 
nearest  caual  or  water-course  of  the  grantors,  and  through  the  land  to  be  granted,  38  cubic  feet  of  water  per  second  at  the  upper  fall, 
when  the  head  and  fall  (i)  there  is  20  feet,  or  a  quantity  inversely  proportional  to  the  height  at  the  other  falls ;  aud  in  order  to  prevent 
dispute  as  to  the  power  of  each  mill  privilege  in  the  variations  of  the  height  of  the  water  from  changes  of  the  seasons  or  other  causes,  it 
is  understood  and  declared  that  the  quantity  of  water  shall  be  increased  in  proportion  to  the  reduction  of  tUe  height,  1  foot  being 
allowed  and  deducted  from  the  height  of  the  actual  head  and  fall,  and  also  from  that  with  which  it  is  compared  before  computing  the 
proportion  between  them;  thus,  on  a  head  and  fall  of  32  feet,  the  quantity  of  water  to  be  used  would  be  y:i  cubic  feet  and  7,"j-  parts  of  a 
cubic  foot  per  second.  And  the  respective  parties,  where  either  has  any  lawful  interest  therein,  may  at  all  reasonable  times,  in  a  peaceable 
manner,  aud  after  due  notice  to  the  principal  steward  or  agent  then  on  duty  at  any  mill,  enter  the  race-way  thereof  to  measure  aud 
compare  the  quantity  of  water  used  with  the  quantity  granted,  and  in  the  measurement  all  wastage  shall  be  included  ;  and  may  also 
^dopt  and  use  such  other  mode  of  making  or  verifying  the  said  measurement  as  the  circumstances  of  each  particular  case  may  require. 

Article  V.  In  order  to  continue  in  the  grantors  an  interest  in  common  with  the  grantees  for  the  preservation  and  support  of  the 
mill-powers  which  maybe  granted,  and  to  secnro  a  fund  to  indemnify  the  grantees  for  expenses  which  may  be  incurred  by  them  for 
making  repairs,  if  the  grantors  should  improperly  neglect  to-make  them,  it  is  proposed  that  part  of  the  consideration  of  every  sale,  and 
all  that  is  to  fee  allowed  the  grantors  for  the- repairs,  etc.,  by  them  assumed,  should  be  paid  or  secured  to  them  in  the  form  of  a  reservation 
of  rent. 

It  is  therefore  declared,  That  each  mill-power,  with  the  laud  to  which  it  is  annexed,  shall  forever  be  subject  to  a  perpetual  annual  rent 
of  at  least  260  ounces,  troy  weight,  of  silver  of  the  present  standard  fineness  of  the  silver  coin  of  the  United  States,  or  an  equivalent  of 
gold,  at  the  option  of  the  grantee,  at  the  time  of  payment ;  which  rent  is  to  be  paid  in  yearly  payments  forever,  free  from  all  charges  or 
■deduction  whatever  for  taxes  or  assessments  of  every  description  which  may  be  assessed  or  levied  upon  any  granted  premises  after  the 
making  of  the  deed,  all  of  which  are  assumed  by  the  grantees ;  and  a  perpetual  annual  rent  at  least  equal  to  the  above  shall  be  reserved  for 
every  mill-power  hereafter  sold. 

As  regards  rights  to  water,  no  priority  is  observed  among  those  having  lease  of  permanent  power.  The  rates 
charged  for  power  have  varied  at  different  periods  in  the  company's  history,  and  according  to  the  peculiar 
circumstances  of  each  case.  The  rental  per  mill-power,  which  is  often  expressed  as  the  rate  charged  at  Holyoke, 
indicates  but  little  as  to  the  actual  cost  of  the  power  to  a  manufacturer.  It  is  merely  a  minimum  reservation  to 
insure  a  permanent  income  for  keeping  the  power  in  order.  When  a  company  wishes  to  secure  power  it  also  buys 
land,  and,  the  transaction  being  made  as  a  whole,  the  actual  cost  of  the  power  alone  is  to  a  certain  extent  therein 
included,  and  can  not  well  be  stated  separately.  The  rates  charged  now,  when  the  city  has  a  population  of  over 
20,000,  are  naturally  higher  than  they  were  when  the  place  was  in  its  infancy  and  only  a  small  village  existed. 

There  are  two  classes  of  power  in  use  at  Holyoke,  permanent  and  surplus.  As  many  as  twenty-five  of  the  latter 
will  soon  be  employed.  Every  lessee  of  permanent  power  is  entitled  to  use  a  surplus,  when  it  can  be  furnished,  of  50 
.per  cent,  of  his  lawful  amount,  at  the  rate  of  $2  50  per  day,  or  night,  per  mill-power,  (c)  For  all  over  50  per  cent,  surplus 
he  must  pay  at  double  this  rate.     There  is  a  limitation,  however,  in  time  of  drought;  then  only  a  certain  total  surplus, 

a  In  March,  1883,  the  shares,  $100  par,  were  quoted  at  $220  bid. 

b  The  term  "  head  and  fall"  is  an  old  one,  and  has  but  little  significance  at  the  present  time.  When  overshot  or  other  vertical 
■wheels  were  more  commonly  in  use  it  was  convenient  to  di.stinguish  between  that  small  iiortion  of  the  entire  available  fall  employed  in 
giving  velocity  to  the  water  as  it  strikes  the  wheel,  and  the  reixainder  of  the  fall  through  which  the  water  acts  by  its  weight;  a  similar 
distinction  might  perhaps  be  made  where  a  small  portion  of  the  entire  head  is  consumed  in  producing  a  fall  over  a  weir  for  the  purjiose 
of  measuring  the  water  used  by  the  wheels;  but  for  all  ordinary  purposes  the  terms  "  head",  "fall",  "head  and  fall",  may  be  taken  as 
-synonymous  unless  otherwise  stated. 

c  As  defined  in  Article  2,  previously  quoted,  a  mill-power  is,  under  ordinary  circumstances,  equivalent  to  38  cubic  feet  per  second 
under  20  feet  fall,  or  about  86.3  theoretical  horse-power.  Accordingly  as  the  efficiency  of  the  turbines  emploj'ed  ranges  say  from  60  to 
80  per  cent.,  the  net  or  effective  value  of  the  mill-power  will  range  from  51.8  to  69  horse-power. 
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as,  for  iustance,  40,  20,  10  per  cent.,  and  so  on,  depending  upon  the  supply  of  water  in  the  control  of  the  water- 
power  company,  can  be  drawn.  The  company  fixes  the  percentage  of  surplus  that  shall  be  allowed,  and  changes- 
it  when  necessary,  without  preliminary  notice.  All  the  mills  are  to  be  connected  with  the  company's  ofBce,  so  that 
instantaneous  notification  can  be  given  to  decrease  the  use  of  water.  If,  notwithstanding  the  notification,  » 
manufacturer  persist  in  using  surplus  beyond  the  allowed  amount,  then  he  must  pay  ten  times  what  would  otherwise 
be  due.  During  the  summer  of  1882,  one  of  the  driest  on  record,  the  first  limitation  went  into  effect  August  4,. 
and  for  about  three  weeks  during  the  season  the  mills  were  subject  to  limitation  of  some  kind.  In  order  to  insure 
having  sufiicient  power  always  to  enable  them  to  fill  their  orders,  some  of  the  mills  are  putting  in  steam  for 
auxiliary  use. 

In  October,  1882,  the  amount  of  effective  horse-power  in  use  at  Holyoke  was  stated  to  be  about  8,000  by  night 
and  15,000  by  day,  or  an  average  of  say  11,000  or  12,000  for  the  twenty-four  hours.  It  is  difBcult  to  say  just  how 
much  power  can  be  depended  on  here  in  low  stages  of  river.  During  the  very  dry  summer  of  1882  there  was  some 
scarcity  of  water  during  four  nights,  and  it  was  stated  by  Mr.  Herschel  as  probable  that  on  some  days  the  average 
power  in  use  for  the  twenty-four  hours  did  not  exceed  10,000  effective  horse-power.  Every  possible  economy  is 
practiced  at  Holyoke,  by  the  water-power  company,  in  the  use  of  water,  and  the  river  is  carefully  watched;  from 
as  far  up  as  Bellows  Falls  any  important  rise  is  telegraphed  down  during  the  dry  season,  so  that  it  may  be 
anticipated,  and  the  possible  necessity  of  curtailing  the  supply  to  the  mills  be  avoided.  The  slope  of  the  river 
above  Holyoke  is  small  and  a  large  pondage  is  secured  ;  with  2  feet  of  flash-boards  on  the  dam  the  effect  of  back- 
water becomes  imperceptible,  at  a  low  stage  of  river,  20  miles  above.  So  far  as  concerns  an  increase  of  power, 
the  pondage  is  of  much  less  consequence  here  than  upon  a  cotton-manufacturing  stream  such  as  the  Quinebaugor 
Shetucket.  At  Holyoke  the  great  bulk  of  the  water  is  used  by  paper-mills  which  ran  steadily  night  and  day,  and. 
thus  give  little  opportunity  for  concentration  of  power  within  a  part  of  the  twenty-four  hours.  The  pond  is  not 
allowed  to  be  drawn  down  more  than  2  feet  below  the  crest  of  the  dam,  or  4  feet  below  the  top  of  the  flash-boards. 

Kegarding  an  increased  use  of  water-power  at  this  point,  it  may  be  said  that  the  company  can  guarantee  power- 
in  the  future  only  to  a  very  limited  extent  and  on  certain  levels.  During  the  continuance  of  the  present  dispute 
with  the  Connecticut  Eiver  Company,  which  affects  the  third  level,  it  does  not  wish  to  dispose  of  any  more  power 
on  that  level.    There  is  a  particularly  large  number  of  paper-mills  on  the  third  level,  requiring  a  considerable 

amount  of  night  water  to  be  drawn  through^ 
the  two  upper  levels  for  their  use ;  it  therefore 
happens  that  permanent  night  power  can 
still  be  obtained  on  the  first  level  (October^ 
1882),  and  between  the  second  and  third 
levels  there  is  a  large  unoccupied  mill  site^ 
for  which  power  can  be  obtained  that  shall 
be  permanent  in  night  and  practically  so  in 
day. 

Within  a  quarter  of  a  mile  or  so  of  the  dam,, 
and  located  on  either  bank  of  the  river,  there 
are  several  important  mills  which  draw  water 
from  the  adjacent  level  and  discharge  directly 
into  the  river,  without  utilizing  the  entire 
fall  that  the  water  would  have  if  discharged 
successively  from  one  level  to  another  and. 
then  into  the  river  finally  at  the  foot  of  the 
rapids.  This  difficulty  is  a  common  one, 
however,  with  large  water-privileges.  The 
development  of  a  great  power  is  a  costly 
enterprise,  and  can  seldom  be  carried  out,  in 
the  start,  as  a  completed  design  ;  canals  are 
extended  and  other  improvernents  made  only 
as  business  and  revenues  warrant,  and  so  it 
often  happens  that  some  sites  are  disposed  of 
which  are  unfavorable  to  the  full  utilization 
of  the  available  power.  It  is  not  unlikely  that  the  same  fault  sometimes  arises  from  too  sanguine  ideas  as  to  th& 
capacities  of  a  privilege  relatively  to  the  demands  which  will  be  made  upon  it. 

No  measurements  of  the  A-olume  of  the  river  at  this  locality  could  be  learned  of,  other  than  one  said  to  have- 
been  made  in  the  summer  of  1847,  when  the  discharge  in  a  low  stage  was  found  to  be  6,000  cubic  feet  per  second. 
From  a  careful  examination  of  the  results  obtained  for  the  discharge  at  Hartford,  by  General  Ellis,  during  the  years- 
1871-'78,  the  following  estimate  has  been  made  of  the  power  at  Holyoke : 
224 


Fig.  16. ^First-level  canal,  from  gate-house,  Holyoke. 
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Estimate  of  theoretical  power  at  Holyolce* 


stage  of  river. 


'  Drainage 
area. 


Low  water,  dry  year  

Low  water,  average  year 

Avftiliiblo  U  months,  averaise  year. 
Available  10  nmiitlis,  avi'i^iii'  >iar 
Ayailable  i)  months,  average  year. . 
Available  8  months,  average  year.. 
Available  7  mon-ths,  average  year.. 
Avnilable  6  months, Average  year.. 


Sq.  miles. 


8,U06 


RAIKFALL  ON  BAfilN. 


Spring. 


Xnohes* 


Sum- 
mer. 


Inches. 


Au- 
tumn. 


Winter. 


Inches.   Inches. 


lOi  12    i        11    I        9i 


Year. 


Inches. 


43 


Flow  per 
second, 

average 

for  the 

24  hours. 


Cu.feet. 
3,800 
4,100 
4,450 
5,250 
5,700 
6,650 
8,100 
9,700 


Theoretical  horse-power. 


Power  utilized. 


1ft.  fall 
431.68 
465. 76 
505.  52 
596.  40 
647.52 
755.  44 
920. 16 

1, 101. 92 


59  ft.  fall. 

mft./aU. ; 

24, 170 

25, 470  1 

26,  080 

27,  480 

28,  310 

29,820  1 

33,  400 

35, 190 

36,  260 

38,  200 

42,  300 

44,  670 

51,  680 

64,  290 

61,  710 

65,010   J 

In  October,  1882,  there  were 
Btated  to  l)e  in  use  about  8,000 
effective  borse-power  by  night 
,and  15,000  liy  day. 

According  to  the  census  enu- 
merator's returns  ibere  wej'e  in 
1880  12,260  effective  horse- 
power of  wheels  in  use. 


Note. — The  estimates  of  power  available  for  9, 8, 7,  and  6  months,  respectively,  must  be  regarded  as  less  reliable  than  the  others;  they  may  have  no  especial 
practical  value,  but  may  be  of  interest  in  showing  the  great  increase  in  the  use  of  power  possible  for  a  part  of  the  year  by  using  steam  for  the  remainder. 

As  to  fresliets,  there  has  on  several  occasions  been  a  depth  of  6  feet  of  water  on  the  dam,  and  such  was  the 
case  after  the  heavy  rains  of  September,  1882.  At  one  time,  years  ago,  there  is  said  to  have  been  a  depth  of  11 
feet  («)  on  the  dam,  but  at  that  time  4-foot  flash-boards  extended  part-way  across,  and  it  cannot  be  known  how  far 
they  affected  the  height ;  it  is  certain,  however,  that  the  water  rose  above  the  tops  of  the  abutments.  Surface-ice 
usually  rots  in  the  pond  before  moving  out.  As  a  precaution,  a  V-shaped  piece  is  cut  in  the  ice  above  the  dam, 
and  when  it  does  run  out  the  sides  of  this  opening  close  together  and  relieve  the  abutments  from  pressure.  Ancbor- 
ice  causes  no  trouble  worth  mentioning,  affecting  for  a  day  or  two  only  a  single  mill,  and  the  difficulty  might 
easily  be  overcome  there. 

In  noticing  the  manufactsriug  interests  of  Holyoke,  the  paper  industry  must  of  course  be  given  the  greatest 
prominence.  So  far  as  known,  this  city  is  the  most  important  center  of  that  enterprise  in  the  United  States.  In 
October,  1882,  twenty -three  concerns  were  engaged  in  the  manufacture  of  paper,  employing  over  4,000  hands,  and 
turning  out  a  finished  production  of  from  150  to  100  tons  per  day.  Almost  every  variety  of  paper  seems  to  be  made, 
though  fine  writing-papers  occupy  the  chief  place.  Paper  is  also  here  made  into  blank-books,  envelopes,  and  paper 
boxes.  Spool-cotton,  cotton  yarn,  and  cloth  are  extensively  manufactured,  the  Lyman,  Hadley,  Merrick,  Hampden, 
and  Glasgow  mills  together  running  180,000  spindles.  Other  leading  manufactures  comprise  woolen  goods,  silks, 
water-wheels,  pumps,  and  various  other  kinds  of  machinery,  screws,  cutlery,  rubber  goods,  wire-cloth,  and,  in  a 
less  prominent  degree,  numerous  other  articles. 

The  following  table,  which  embraces  all  the  most  important  manufacturing  establishments  of  the  city,  will  give 
in  more  detail  facts  regarding  the  above  interests: 

Statistics  of  manufacturing  at  Holyoke,  October,  1882. 

[The  figures  below  are  .ipproximately  correct,  but  were  not  intended  to  be  given  with  minute  accuracy.] 


Firm. 


Carew  Manufacturing  Company  . 

Hampshire  Paper  Company 

Parsons  Paper  Company 


Whiting  I%per  Company  ... 
Wauregan  Paper  Company  . 


Robertson  Brothers 

Holyoie  Paper  Company 

Whitman  Manufacturing  Company. 

Beebee  &  Holbrook  Company 

Massasoit  Paper  Company 

Chemical  Paper  Company 

Newton  Paper  Company 


£s:celsior  Paper  Company. 
Franklin  Paper  Company. 


Manufacture. 


Number  of 

hands      ' 

employed.  ' 


Production,  etc. 


Superfine  writing  paper 

Extra  superfine  writing  paper 

White  and  tinted  writing  and  envelope  paper ; 
also  bond,  bank-note,  parchment,  linen,  ledger, 
and  record  papers. 

Pine  writing  paper 

Superfine  book  and  superfine  engine-sized  writ- 
ing papers. 

Tissue,  manila,  and  toilet  papers 

Fine  writing  paper 


Lithograph,  white-plated,  and  chromo  papers, 
and  card-board. 

Pine  writing  paper 

....do  

Manila  papers 

Building,  oarpet-lining,   and    heavy  wrapping 
papers. 

Machine-finished  book  papers 

Colored,  flat,  writing,  and  envelope  papers 


100  I  2^  tons  per  day. 
175  I  3  tons  per  day. 
350  !  10  tons  per  day. 


600  j  14  tons  per  day. 

130  ,  G  tons  per  day. 

12  1  35  cases  per  d.ay. 

275  7  tons  per  day. 


115 
200 
260 


3  tons  per  day. 
3  tons  per  d,ay. 
20  tons  per  day. 
60     12  tons  per  day. 


3  tons  per  day. 
3  tons  per  day. 


a  General  Ellis  states  the  greatest  depth  above  the  dara  at  13  feet,  in  April,  1863  (see  page  54,  Beport  of  Surveys  and  Examinations  of 
the  Connecticut  Biver).  ogn 
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Statistics  of  manufacturing  at  Molyoke  October^  1882 — Continued. 


Firm. 


Manafacture. 


!N"umber  of 

hands 
employed. 


Production,  etc. 


TTnion  Paper  Company 

Riverside  Paper  Company . 
"Winona  Paper  Company. . . 


Syms  &  Dudley  Paper  Company . 


NoDotuck  Paper  Company 

Albion  Paper  Company , 

Crocker  Manufacturing  Company  . . 

Valley  Paper  Company 

Dickinson  &  Clark  Paper  Company, 

National  Blank  Book  Company 

Holy oke  Envelope  Company 

James  D.  "Wliitmore  &  Co 

Connecticut  River  Pulp  Company  . . . 
Glasgow  Company 


Hampden  Cotton  Mills  . 
Lyman  Mills 


HolyokS  "Warp  Company  . . 
Merrick  Thread  Company. 

Hadley  Company 

Farr  Alpaca  Company 

D.  Mackintosh  &  Son 

GermaniaMills 

Connor  Brothers 

Beebee,  'Webber,  &  Co 


Spring^eld  Blanket  Company. 
"Wilfiam  Skinner  &  Son 


George  "W".  Prentice  &  Co  ..  . 
Holyoke  Machine  Company  . 


Massachusetts  Screw  Company 

Henry  Seymour  Cutlery  Company 

Deane  Steam  Pump  Company 

John  C.  Smith 

"Wa  tson  Ely  &  Son 

T.  P.  Keegan 

Tuttle  Rubber  "Works 

Ferguson  &  Gardner  .^ j  Leather  belting  and  top-roll  covers. 

B.  P.  Nichols I do 


Fine  writing  paper 

...do 

Engine-sized  writing  and  super -calendered  book 
papers. 

Engine-sized  tiat  and  ruled  writing,  card-board, 
and  book  papers. 

Engine-tized  flat  writing,  and  book  papers 

Book  paper 

"Various  kinds  of  engine-sized  papers 

Fine  writing  paper 

Engine-sized  writing  and  book  papers 

Blank  books 

Envelopes 

Envelopes  and  paper  boxes 

"Wood-pulp 

Dress  goods,  ginghams,  and  yams 


I 
175  I  From  4  to  5  tons  per  day. 

225     5  tons  per  day. 


Heavy  duck 

Sheetings,  shirtings,  and  lawns . 

Cotton  warps 

Speol-cotton 


130 

180 

200 
250 

75 
225 

65 
200 
100 

80 

50 
425 

500 

1,200 

125 


Spool-cottons,  yams,  warps,  and  twines 

Alpaca...-' 

Dyed  cottons 

Beavers,  fancy  goods,  cloakings,  and  overcoatings 

Fancy  cassimeres 

do 


725 

1,000 


Horse-blankets 

Silk  and  mohair  braid,  machine-twist  and  sew- 
ing-silk, satin  sleeve-linings. 

All  kinds  of  Iron  and  soft  steel  wire 

Mainly  water-wheels,  mill-gearing,  and  paper- 
mill  machinery. 

Wood-screws 

Shears  and  scissors 

Pumps  and  machinery  of  all  kinds 

Machine-shop 

Carpentry,  mill-work,  and  sawing 

Steam-fitting 

General  rubber  goods 


Buchanan,  Bolt  &  Co  . 
B.  F.  Perkins 


Wire-cloth 

Machine  jobbing  . 


135 

300 
350 

60 
300 

75 
70 

120 
50 
20 
16 

•26 


11  tons  per  day. 

12  tons  per  day. 

10  tons  per  day. 

1 5  tons  per  day. 

From  4  to  5  tons  per  dayT 

5J  tons  per  day. 

From  3  to  4  tons  per  day.  ^ 

Talueof  yearly  production,  from  $300,000  to  $400,000. 

1,000,000  envelopes  per  day. 

10  tons  per  day. 

13,000  spindles;  400  looms.    Production,  75,000  yards  per 

week. 

15,000  spindles;  350  looms.    Production,  1,250,000  ponndft 
of  finished  goods  per  year. 

75,000  spindles;  1,600 looms.    Production,  14,500,000  yard* 
of  finished  goods  per  year. 

1,500  pounds  per  day. 

35,000  spindles.   Production,  3,000, 000  dozen  spools  of  cotton, 
per  year. 

42,000  spindles.    Spins  1,325,000  pounds  per  year. 

577  looms  ran.     i 

75  cards.    Production,  8,500  pounds  per  day. 

74  looms;  16  sets  of  cards.  Production,  6,000  pieces  per  year^ 

Jl  sets  of  cards ;  65  looms. 

32  looms ;  8  sets  of  cards.     Production,  30,000  yards  per 
month. 

180  looms.    Production,  1,800  blankets  per  day. 


3  tons  of  wire  per  day. 

Valneof  production,  $500,000  per  annum. 

3,000  gross  of  screws  per  day. 

From  2,400  to  2,600  dozen  pairs  per  month. 


"V"alue  of  production,  $60,000  per  year. 
Covers,  10,000  rolls  per  week. 


Foicer  at  Turner'>s  Falls.{a)—The  village  of  Turner's  Falls  is  beautifully  located  in  northern  Massachusetts,  a 
short  distance  from  dreenfield.  It  is  about  120  miles  from  the  mouth  of  the  Connecticut,  though  without  water 
communication;  it  is  only  2  or  3  miles  from  the  main  lines  of  the  Pitchburg,  the  ISTew  London  Northern,  and  the 
Connecticut  Kivcr  (h)  railroads,  but  is  directly  reached  only  by  branches  of  the  Pitchburg  and  the  Kew  Haven  and 
jSTortliamptou  roads. 

Tn  1792  the  state  of  Massachusetts  incorporated  the  "  Proprietors  of  the  Locks  and  Canals  on  Connecticut  Eiver", 
for  the  purpose  of  rendering  that  stream  passable  from  the  mouth  of  the  Chicopee  river  northward.  In  1794  thia 
corporati<m  was  formed  into  two,  one  bearing  the  old  title  and  the  other  known  as  the  "  Proprietors  of  the  Upper 
Locks  and  Canals".  The  former  built  the  dam  and  canal  at  Holyoke,  while  the  latter  improved  the  river  at  Turner's 
Palls.  The  dams  and  canal  at  this  point  were  completed  in  1798,  and  the  upper  dam,  near  the  mouth  of  Miller's 
river,  was  built  in  1800. 

For  more  tban  half  a  century  this  company  transacted  a  profitable  business  in  passing  boats  and  lumber  through  their  looks  and  canals, 
until  the  construction  of  railroads  on  the  banks  of  the  Connecticut  river  put  an  end  to  the  business  of  transportation  by  water  and  the 
■norks  of  the  company  went  into  disuse.  In  1865  every  share  of  the  original  stock  was  purchased  by  a  number  of  gentlemen  »  *  * 
and  ill  1866  an  amendatory  act  of  the  legislature  was  passed,  giving  to  the  corporation  the  name  of  "  Turner's  Falls  Company"  Uurino- 
the  same  year  additional  lauds  were  purchased,  making  an  area  of  about  700  acres;  a  substantial  bulkhead  was  constructed  at  an  expense, 
of  $24,000,  and  aperma,nent  dam  was  completed  March  20,  1867,  at  a  cost  of  .fl05,000.(c) 


u  Facts  regarding  this  privilege  were  kindly  furnished  by  Mr.  William  P.  Crocker,  engineer  of  the  Turner's  Falls  Company. 

6  Opposite  side  of  the  river. 

c  From  prospectus  of  Turner's  Falls  Company. 
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At  Turner's  Falls  tUo  river  runs  northerly  for  a  short  distauce  and  tben  bends  sharply  to  the  west  and  south, 
The  right  bank  is  steep  and  rocky  ^  the  mills  and  village  are  on  the  left  bank,  which  rises  somewhat  rapidly  from 
the  river,  but  is  succeeded  beyond  by  gently  hilly  ground.  Passing  a  short  distance  down  stream,  or  toward  the 
foot  of  the  canal,  the  hills  recede  from  the  river  on  this  side,  and  leave  a  fine  level  plain  which  is  not  yet  built  up. 

On  the  upper  part  of  the  bend  in  the  river  is  the  dam.  It  runs  across  from  the  left  bank,  with  a  slight  curve 
up  stream,  to  a  rocky  island  in  midstream,  and  then  continues  with  straight  course  to  the  right  bank.  In  the 
autumn  of  1866  a  portion  of  the  present  dam,  then  in  process  of  construction,  was  destroyed  by  a  timber  raft,  which 
broke  loose  from  its  moorings  during  a  freshet  and  came  down  against  the  coffer-work  with  irresistible  force.  Work 
was  recommenced  and  carried  on  through  the  winter  of  1866-'67  ;  the  structure  was  finished  March  20  of  the  latter 
year,  only  three  days  before  the  occurrence  of  a  heavy  freshet.  In  1880  the  entire  cost  of  the  roll-way  of  the  dam 
was  placed  at  $113,000,  and  of  the  bulkhead  at  $35,000.  The  Turner's  Falls  dam  rests  throughout  on  ledge  rock, 
and  varies  from  20  to  30  feet  in  height.  It  is  a  log  crib-work,  the  interstices  packed  with  loose  stone.  The  face  h'as 
a  slight  batter,  while  the  back  has  a  long  slope,  giving,,  for  a  height  of  20  feet,  a  base  of  perhaps  50  or  CO  feet. 
The  roll- way  is  very  nearly  1,000  feet  long.    The  elevation  of  the  crest  is  stated  to  be  172.9  feet  above  sea-level. 

The  dam  abuts  against  natural  ledges  everywhere  except  on  the  Turner's  Falls  shore.  Here  is  an  artificial 
masonry  abutment  and  bulkhead,  about  150  feet  long  by  35  feet  wide,  and  rising  15  feet  above  the  crest  of  the 
dam.  (a)  It  is  solid  for  a  short  distance  back  from  the  end  of  the  dam ;  farther  inshore  are  five  arched  openings 
through  which  water  passes  to  the  gates.  There  are  five  gate-openings,  each  8  feet  wide  and  10  feet  deep.  Water 
also  enters  a  side-opening  into  a  wheel-pit,  and  drives  a  turbine  for  operating  the  gates.  After  passing  through  the 
rectangular  gate-openings  the  main  body  of  water  continues  through  arched  openings  similar  to  the  ones  already 
mentioned,  till,  having  passed  entirely  through  the  bulkhead,  it  enters  the  canal. 

The  canal  is  at  present  confined  to  one  level,  extending  about  3,000  feet,  approximately  parallel  to  t  he  river, 
and  at  a  distance  from  it  varying  from  lOQ  to  250  feet  in  the  main  i)art  of  its  course,  but  increasing  to  500  or  600 
feet  toward  the  end.  It  has  an  average  width  of  50  feet  as  at  present  constructed,  and  a  water  depth  of  10  feejb. 
Close  to  the  dam  the  fall  to  the  river  is  about  28  feet,  and  the  greatest  fall  utilized  on  the  line  of  the  canal  is  41 
feet.  This  race  has  been  largely  excavated  through  rock,  and  has  therefore  been  expensive ;  according  to  a  report 
by  the  president  of  the  company,  made  in  June,  1871,  its  cost  up  to  that  time  had  been  $82,000.  One  hundred  feet 
of  land  on  the  easterly  side  of  the  race  is  reserved  for  giving  it  additional  width  when  occasion  shall  demand. 

The  power  in  use  at  this  point  in  the  fall  of  1882  was  stated  to  be  about  4,000  horse-power,  which  exceeded, 
however,  the  amount  actually  leased.    The  concerns  using  power  at  that  time  were  as  follows : 

1.  The  Clark  &  Chapman  Machine  Company. 

2.  The  Shawmut  Manufacturing  Company  (rents  power  from  the  above  concern),  employing  6  hands  in  the 
manufacture  of  leatheret. 

3.  The  Montague  Paper  Company,  printing  paper;  260  hands;  production,  15  tons  per  day. 

4.  The  John  Euss'ell  Cutlery  Company,  general  cutlery;  700  hands;  turns  out  3,000  dozen  pieces  per  day. 

5.  The  Keith  Paper  Company,  fine  writing  paper;  225  hands;  production,  5  tons  per  day. 

6.  The  Turner's  Falls  Paper  Company,  news  paper;  35  hands;  production,  5  tons  per  day. 

7.  The  Turner's  Falls  Cotton  Mill,  light  cotton  goods;  5,100  spindles ;  300  looms;  150  hands;  annual  production, 
4,500,000  yards. 

8.  On  the  opposite  (Gill)  side  of  the  river,  the  Turner's  Falls  Lumber  Company,  saw-mills,  employs  35  or  40 
men,  and  turns  out  about  27,000  feet  of  lumber  per  day. 

The  Turner's  Falls  Company  owns  a  large  tract  of  land  available  for  manufacturing  and  other  building  sites, 
which  it  sells.  Power  is  disposed  of  to  manufacturers  under  a  perpetual  lease.  The  usual  rate  has  beei*  $7  50  (6) 
per  annum  per  horse-power,  rental  reserved,  but  there  is  no  established  rate  for  the  future.  In  the  use  of  water 
no  piiority  of  rights  is  considered  to  exist,  all  the  concerns  standing  on  the  same  footing.  The  amounts  used 
are  determined  by  weir  measurement  in  the  tail-races,  made  as  often  as  there  is  any  change  in  the  wheels  run, 
or  oftener  at  the  option  of  the  company.  The  greater  part  of  the  utilized  power  is  in  use  night  and  day,  being 
employed  by  paper-mills;  and  though  there  is,  generally  speaking,  a  large  surplus  power,  yet,  on  account  of  the 
filling  up  on  Sunday  of  a  great  many  ponds  on  the  various  tributaries  above,  there  is  a  slight  scarcity  of  water  here 
on  Mondays  during  a  dry  season.  There  is  a  considerable  pondage  above  the  dam,  extending  3  or  4  miles  up 
stream,  but  mainly  included  within  3  miles.  The  power  at  this  point  has  been  developed  gradually,  and  on  account 
of  the  initial  expense  of  extending  the  canal  to  the  foot  of  the  rapids,  mills  liave  been  located  close  to  the  dam  and 
from  there  down  stream ;  in  this  way  it  happens  that  the  fall  is  not  utilized  to  the  best  advantage. 

The  interests  of  Turner's  Falls  as  a  manufacturing  point  have  become  solidly  established,  and  its  future  growth 
seems  to  be  assured.  The  village  is  distant  by  rail  about  100  miles  from  Boston  and  175  from  New  York.  The 
l>recise  plan  to  be  adopted  in  further  improving  the  power  is  stated  not  to  have  been  fully  decided  upon.    The  first, 

a  Eleven  feet  is  said  to  have  been  the  greatest  freshet  depth  noted  on  this  dam. 

b  According  to  the  president's  report,  June  13, 1871,  some  of  the  earliest  leases  were  at  rentals  ranging  from  $5  to  $7  50,  and  even  |10, 
pef  hnrse-power. 
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or  upper  level,  which  constitutes  the  present  canal,  can  be  widened  and  extended,  and,  as  will  be  seen,  would  thus 
render  available  a  much  larger  fall  than  at  present.  Its  widening  would  probably  be  expensive  in  the  upper  portion, 
on  account  of  the  rock  to  be  cut  through,  but  its  extension  and  other  work  on  the  lower  course  would  be  easy,  as 
it  there  enters  upon  a  flat  sandy  plain.  A  second  level  may  or  may  not  be  introduced.  In  time,  if  desirable, 
the  wheel-pits  near  the  dam  will  be  sunk  lower,  and  a  tail-race  run  from  them  down  stream  so  as  to  utilize  the  fall 
fully,  instead  of  partially  as  now. 

From  the  crest  of  the  Turner's  Falls  dam  to  the  crest  of  the  Holyoke  dam,  according  to  the  most  reliable  figures 
that  are  accessible,  there  is  a  fall  of  75^  feet.  In  an  ordinary  low  stage  Holyoke  backwater  extends  to  the  vicinity 
of  Hatfield.  Prom  that  point  up  there  are  no  rapids  until  we  reach  what  are  known  as  the  "  lower  falls"  These 
are  about  a  mile  and  a  half  below  the  Turner's  Falls  dam,  and  the  locality  is  also  called  the  "  stone  dam  ",  because 
a  natural  ledge  here  runs  diagonally  across  the  stream  and  causes  an  abrupt  fall  of  several  feet,  said  to  be  7  feet. 
The  right  bank  is  succeeded  by  a  small  meadow  shut  in  by  high  steep  hills,  which  form  the  banks  of  the  stream 
on  that  side,  thence  for  a  mile,  more  or  less,  to  the  Deertield  valley,  where  are  wide  flat  meadows.  The  left  bank 
rises  steeply,  and  is  composed  apparently  of  a  light  sandy  soil,  to  a  height  of  50  or  60  feet  above  the  river,  beyond 
which  stretches  a  fine  level  plateau,  continuous  with  that  already  described  as  lying  along  the  lower  course  of  the 
Turner's  Falls  canal.  The  privilege  at  the  lower  falls  can  probable  best  be  utilized  in  connection  with  that  owned 
by  the  Turner's  Falls  Company,  by  an  extension  of  their  canal  system. 

From  the  top  of  the  Turner's  Falls  dam  down  to  smooth  water  below  the  lo  wer  falls  there  is  stated  to  be  a 
fall  of  62^  feet.  Of  this  the  Turner's  Falls  Company  has  already  improved  41  feet ;  it  also  owns  land  along  one 
side  of  the  river  covering  9  feet  more;  and  the  remaining  12J  feet  is  said  to  be  owned  by  a  party  interested  in 
that  company,  ^o  gaugings  on  this  part  of  the  river  having  been  learned  of,  the  flow  and  power  at  this  point  are 
placed,  by  estimate,  at  the  figures  given  below : 

Estimate  of  total  power  available  at  Turner's  Falls,  Massachusetts. 


Drainage 
area. 

Sq.  miles. 

1 

i  6,902 

BAINFALL  ON  BASIN. 

Flow  per 
second, 
average 

for  the  24 
honrs. 

Effective 

horse- 
power ntt- 
izedinl880. 

stage  of  river. 

SP'-g-     me"- 

An- 
tumn. 

Winter. 

Tear. 

iiieoreticai  norse  power. 

Inches.   Inches. 
10           12 

Inches. 

Inches. 
9 

Inches. 
42i 

Cubic  feet. 
C      3, 100 
J       3, 500 
[       4,  .'■lOO 

1  foot  fall. 
352. 16 
397.  60 
511.  20 

41  feet  faU.    50feetfaU. 
14,440            17,610 
16,300    i        19,880 
20,960            25,560 

62i  feet  faU. 
22,010 
24,850 

I      4, 320 

Available  10  months,  average  year 

31,950 

Turner's  Falls  to  Bellows  Falls.— From  the  top  of  the  Turner's  Falls  dam  to  the  foot  of  Bellows  falls, 
a  distance  of  about  50  miles,  there  is  a  rise  of  61  feet,  corresponding  to  an  average  slope  of*  say  1.2  foot  per  mile. 

The  stream  runs  nearly  all  this  distance  with  smooth  water,  rapids 
occurring  at  but  one  or  two  points. 

Three  and  one-half  or  4  miles  above  Turner's  Falls,  and  about 
a  third  of  a  mile  above  the  mouth  of  Miller's  river,  are  what  are 
known  as  the  "French  King"  rapids.  A  ledge  of  rock  runs 
diagonally  in  a  broken  line  across  the  river,  and  large  bowlders  of 
conglomerate  also  appear  in  the  bed.  These  rapids  extend  only  a 
few  hundred  feet,  and  the  fall  in  that  distance  cannot  be  more 
than  2  or  3  feet,  with  smooth  water  above  and  below.  Below  this 
vicinity,  down  to  Miller's  river,  the  banks  appear  firm,  and  are  in 
places  of  solid  rock.  From  the  rapids  down,  the  east  bank  rises 
high  and  steep,  directly  from  the  water ;  the  opposite  bank  is  less 
"  abrupt,  but  does  not  offer  a  favorable  site  for  the  large  use  of 
power. 

Power  at  Bellows  Falls. — At  Bellows  Falls  the  immediate 
valley  is  probably  less  than  a  mile  wide  and  is  inclosed  by  steep 
hills.  The  i iver  here  descends  over  a  series  of  ledges  and  through 
a  narrow  gorge,  where  it  is  hemmed  in  by  high  walls  of  solid  rock ; 
between  these  it  rushes  down  in  falls  and  rapids,  but  reaching 
the  foot  of  the  gorge  spreads  out  again  in  smooth  water,  resuming 
its  characteristic  appearance.  A  dam  extends  across  at  the  head 
of  the  rapids,  and  a  canal  conveys  water  thence,  at  some  distance 
from  the  river-bank,  down  to  the  foot  of  the  falls,  where  are  located  the  mills. 

At  the  site  of  the  dam  the  river  contains  huge  outcropping  ledges,  between  which  the  structure  has  been  built 
in  nn  irregular  line  projecting  well  up  stream.    The  distance  across  in  a  straight  line  is  550  feet,  but  the  actual 
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length  of  roll-way  is  probably  as  much  as  600  feet.  The  iron  bridge  of  the  Sullivan  County  railroad  spans  the 
stream  close  to  the  dam,  and  its  piers  are  founded  upon  the  same  ledges  against  which  the  latter  al-uts.  The  dam  was 
originally  built  about  1795,  but  was  rebuilt  in  1869  at  a  cost  stated  to  have  been  about  $25,000.  It  is  constructed 
of  logs,  rests  throughout  upon  solid  rock,  to  which  it  is  firmly  bolted  down,  and  has  natural  rock  abutments.  The 
influence  of  slack-water  from  this  dam  is  thought  to  extend  at  least  8  miles  up  the  river. 

The  canal,  opens  out  a  short  distance  from  the  end  of  the  dam,  and  in  its  upper  course  has  about  65  feet  width 
of  water-way.  Before  reaching  the  bulkhead,  which  is  1,500  feet  from  the  entrance,  it  is  an  excavation  in  earth 
and  is  walled  only  to  a  small  extent.  At  the  first  or  ujjper  bulkhead  it  narrows  to  about  30  feet  and  runs  through 
a  passage-way  blasted  in  the  solid  rock.  This  bulkhead  is  of  wood,  and  contains  three  gates,  raised  by  a  screw 
and  cog-wheel  arrangement,  worked  by  a  hand- wheel.  A  short  distance  beyond  there  is  a  second  bulkhead,  also 
of  wood,  and  built  in  two  sections  at  right  angles  with  each  other.  The  main  canal  here  divides  into  two  branches, 
which  run  short  distances  and  in  turn  subdivide  to  convey  water  to  the  mills,  which  are  close  at  hand.  In  certain 
improvements  which  are  contemplated  the  upper  bulkhead  is  to  be  entirely  removed  and  the  canal  made  as  wide 
there  as  above.  The  lower  bulkhead  is  to  be  replaced  by  a  new  structure  of  stone,  in  which  there  will  be  for  each 
set  of  gates,  i.  e.,  for  each  of  the  two  branches  of  the  canal,  two  openings  4  feet  wide  and  two  8  feet  wide,  each 
opening  to  extend  10  feet  below  the  water-surface. 

Thfe  total  fall  from  the  top  of  the  dam  to  smooth  water  below  all  the  rapids  is  commonly  given  as  from  52  to 
54^  feet.(a)  A  fall  of  22  feet  is  taken  up  from  the  main  canal,  or  upper  level,  to  the  lower,  and  the  balance  thence 
to  the  river.  Some  of  the  mills  draw  from  the  upper  level  and  discbarge  directly  into  the  river,  and  in  a  number  of 
cases  the  fall  available  at  mills  is  not  entirely  utilized. 

The  water-privilege  here  is  owned  by  the  Bellows  Falls  Canal  Company,  which  leases  power  to  the  various 
manufacturers.  The  nominal  rate  charged  is  $430-  per  annum  per  !nill-power  of  60  horse-power.  No  accurate 
measurements  are  made  of  the  amounts  of  water  used,  but  the  quantities  rated  for  the  wheels  are  accepted  in 
practice.    In  the  fall  of  1882  there  were  the  following  lessees  of  power : 

Lessees  of  power  at  Bellous  Falls,  October,  1882. 


Firm. 


Fall  Mountain  Paper  Company  . 

Moore,  Arms,  &  Thompson 

Willard  Knssell  &  Company 


J.  T.  Moore. 


Flint  &  Fisher 

John  Eobertson  &  Son 

Vermont  Farm  Machine  Company. 

Bacon  Brothers 

Osgood  &  Barber 

Lucien  Barbour 

Adams 


Manufacture,  etc. 


News  and  manila  papers,  and  card  middles. 

Manila  and  other  papers 

Wood-pulp  and  manila  paper 


Tissue  manila  paper  . 


Tissue  and  medium  manila  papers   

do 

Various  implements  for  dairy  farming . 

Planing  and  sawing 

Machiniste 

Picture-molding 

Grist-mill 


Production,  etc. 


Employs  300  hands.    Production,  25  tons  per  day. 

Employ  80  hands.    Production,  10  tons  per  day. 

Employ  27  hands.    Production,  2J  tons  of  pulp  and  4  tons 
of  paper  per  day. 

Employs  11  hands.    Production,  from  1,200  to  1,500  pounds 
per  day. 

Production,  from  1  to  2  tons  per  day. 

Production,  from  2,000  to  4,500  pounds  per  day. 

Employs  from  60  to  70  hands. 


Several  of  the  smaller  powers  are  supplied  by  wheels  put  in  by  the  canal  company.  Steam  is  not  used  for 
power  at  any  of  the  mills ;  the  water-supply  is  commonly  sufficient,  though  for  one  week  during  the  summer  of 
1882  it  was  necessary  to  shut  down  half  of  one  mill.  The  various  mills  are  built  in  very  closely  and  irregularly 
upon  a  rocky  slope,  and  though  the  firm  foundations  which  they  obtain  are  an  advantage,  still  the  location  appears 
poorly  suited  by  nature  to  the  convenience  of  extensive  manufacturing.  On  one  occasion,  at  least,  the  river  has 
risen  so  as  to  overflow  the  lower  portion  of  this  site.  The  ordinary  rise,  however,  at  the  foot  of  the  rapids  is  not 
excessive,  and  for  the  five  years  preceding  1882  had  probably  not  exceeded  8  feet ;  a  large  mass  of  rock  which 
obstructed  the  river  there  was  being  removed  by  blasting  during  the  year  mentioned,  and  aii  enlarged  water-way 
will  thus  be  afforded  with  less  danger  of  overflow.  Of  the  freshets  in  this  part  of  the  Connecticut  river,  those  of 
1862,  1869,  and  1872  have  been  notable  ones;  during  the  heavy  rains  of  September,  1882,  there  was  a  depth  of  5- 
feet  on  the  Bellows  Falls  dam.  Surface-ice  usually  remains  long  enough  above  the  dam  to  become  thoroughly 
rotted.  The  ice  in  the  canal  breaks  up  every  few  days,  and  is  then  removed.-  There  is  very  slight  trouble  from 
anchor-ice  except  in  an  open  winter. 

There  is  some  vacant  space  still  available  for  new  mills,  and  the  widening  out  of  the  canal  at  the  upper 
bulkhead  will  permit  a  considerably  increased  supply  of  water  at  its  foot.  Following  is  an  estimate  of  the  power 
of  the  river  at  this  privilege : 

a  This  is  somewhat  greater  than  the  figure  previously  given  (49  feet)  for  the  descent  from  the  head  to  the  foot  of  the  falls,  in  the  general 
table  of  elevations  on  the  Connecticut  river,  as  taken  from  Hitchcoct's  Atlas  of  New  Hampshire.  The  disagreement  may  be  due  to  the 
measurements  having  been  made  between  slightly  different  limits,  or  not  at  the  same  stage  of  river. 
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JEstimate  of  power  at  Bellows  Falls. 


Drainage 
area. 

EAIKFALL  ON  BAblN. 

ITlow  per 
second, 
average 

for  the  24 
hours. 

stage  of  river. 

Spring 

Sum- 
mer. 

Autumn. 

Winter. 

Year. 

ineoreticai  norae-power. 

Sq.  miles. 
>     5, 211 

Inches. 
9J 

Incites. 

Inches. 
lOi 

Inches. 
8i 

Inches 
40 

Cubic  feet. 
1       1, 950 
i        2, 300 
I        3, 000 

\  foot  fall. 
221.  52 
263.  28 
340. 80 

i9feetfall. 
10,  850 
12, 800 
36,700 

SOfeetfall.     52feetfall. 
11,  080            11, 520 
13,  060            13,  690 
17,040             17,720 

5iifeet.faU. 
12, 070 

LoTT  water,  average  year 

Available  30  raoDths,  average  year. . 

14,240 
18, 570 

u  In  extreme  cases  the  power  may  sink  somewhat  lower  than  the  figures  here  given,  but  in  the  very  lowest  stage  of  river  the  effective  horse-power  is  stated  hy 
the  president  of  the  canal  company  not  to  fall  below  about  8,000. 

Note.— Total  effective  horse-power  utilized  in  1880,  as  returned  by  enumerators,  4,210.  Tip  to  October,  1882,  this  amount  had  been  increased,  by  the  introduction 
of  two  new  mills  and  increasing  the  power  at  the  old  ones,  to  7,040  horse-power,  of  which  6,847  was  employed  in  paper  manufacture. 

EiVBB  ABOVE  Bellows  Falls. — Sumner's  or  Qvechee  falls. — This  is  the  first  water-privilege  met  iu  ascending 
above  Bellows  Falls,  and  is  located  2  miles  below  the  mouth  of  the  Ottaquechee  river,  and  7  miles  below  White 
Eiver  Junction;  it  is  owned  by  Messrs.  Moses,  D.  H.,  and  John  C.  Newton,  all  of  Holyoke.  There  was  formerly  a 
dain  8  or  9  feet  high  at  this  point,  by  which  a  total  fall  of  13  feet  was  obtained  ;  with  obstructions  removed,  the 
available  fall  of  the  i)rivilege  would  now  be  15  feet.  For  1,000  or  1,500  feet  the  river  is  full  of  ledges,  which  rise 
above  the  surface  at  many  points,  and  among  these  it  runs  in  a  series  of  rapids,  having  thus  a  natural  fall  of  8  feet. 

A  division  of  the  Central  Vermont  railroad  runs  along  the  west  bank,  which  is  high  and  steep.  The  east 
bank  is  rocky  and  of  fair  height,  and  is  succeeded -by  a  fine  open  stretch  of  comparatively  level  ground.  The 
power  is  at  present  entirely  unimproved,  and  no  sign  remains  of  the  old  dam,  unless  it  be  a  short  piece  of  rude 
crib-work  next  the  west  shore.  It  is  said  that  the  Messrs.  JTewton  had  made  arrangements  to  build  a  new  dam 
here,  but  that  the  opposition  of  a  neighboring  mill-owner,  on  a  side  stream  above,  who  claimed  that  his  privilege 
would  be  within  reach  of  backwater  from  the  proposed  dam,  interfered  with  carrying  out  the  enterprise. 

September  1,  1882,  the  volume  of  water  at  this  locality,  in  a  very  low  stage,  was  gauged  and  louud  to  be  1,377 
cubic  feet  per  second.    By  estimate,  the  power  to  be  obtained  in  different  stages  may  be  given  as  below  : 

JEstimate  of  power  at  Sumner's  falls. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 


Drainage 
area. 


Sq.  miles. 

I      4, 234 
J 


haikpall  on  basin. 


Spring.     Summer.    Autumn.    Winter.        Year. 


Inches. 


Inches. 
12 


Inches. 
IDi 


Inches. 


Inches. 
40^ 


Flow  per 
second, 
average 

for  the  24 
hours. 


Cubic  feet. 
1,500 
1,800 
2,350 


Theoretical  horse-power. 


I  footfall. 
170. 40 
204. 48 
266.  96 


13  feet  faU. 
2,220 
2,660 
3,  470 


ISfeetfaa. 
2,560 
3,070 
4,060 


Olcott  or  White  Eiver  falls. — Nine  miles  above  Sumner's  falls,  and  about  2  miles  above  White  Eiver  Junction, 
is  the  Olcott  Falls  privilege,  probably  the  best  on  the  Connecticut  river  above  Bellows  Falls.  It  is  said  to  be 
owned  maiuly,  if  not  entirely,  by  Messrs.  Wilder  &  Co.,  paper  manufacturers,  of  Boston,  and  in  October,  1882,  was 
being  developed  by  the  Olcott  Falls  Company.  A  series  of  rapids  and  falls  here  extend  for  some  distance  down  the 
river,  while  the  west  bank  presents  a  fine  level  plain  for  mills  and  a  village.  At  the  time  mentioned  a  substantial 
crib  work  dam,  located  at  the  upper  falls,  was  already  far  advanced  in  construction.  It  rests  throughout  upon 
ledge  rock,  to  which  it  is  bolted  down,  and  the  logs  are  also  bolted  together  at  each  intersection.  The  dam  runs 
in  a  long  curve  diagonally  across  the  river,  with  a  roll-way  about  600  feet  in  length.  It  was  designed  to  have  a 
height  in  midstream  of  18  or  20  feet,  and  a  corresponding  base  of  54  or  55  feet,  but  these  dimensions  decrease  as 
the  dam  runs  in  on  the  ledges.  The  structure  has  a  long  back-slope  covered  with  4-inch  'hemlock  planking,  while 
the  crest  is  protected  by  boiler-iron.  The  face  of  the  dam  slopes  down  stream  from  the  crest  a  short  distance,  and 
then  drops  off  vertically. 

The  crib-work  consists  of  hemlock  logs  ranging  from  10  to  16  inches  iu  diameter.  The  logs  were  first  sawed  so 
as  to  give  two  parallel  faces,  each  log  being  sawed  to  its  best  advantage,  and  selection  was  made  from  these  so  that 
timbers  of  uniform  thickness  came  in  the  same  layer.  When  completed  the  dam  was  to  contain  over  1,000,000  feet 
of  timber. 

On  the  east  bank  there  is  a  natural  rock  abutment.  At  the  west  end  of  the  dam  there  were  being  constructed 
an  artificial  abutment  and  bulkhead  of  granite  masonry  rising  9  feet  above  the  top  of  the  dam.  The  bulkhead  was 
designed  to  be  27  feet  wide  with  the  current,  and  to  contain  eight  gate-openings,  each  8  feet  wide  in  the  clear; 
these  were  to  connect  with  a  canal  about  80  feet  wide,  running  thence  to  the  level  ground  before  mentioned. 

The  fall  on  this  privilege  is  35  feet.    It  is  stated  by  Messrs.  Wilder  &  Co.  that  they  intend  to  use  a  portion  of 

the  power  iu  the  manufacture  of  wood-pulp  and  paper,  probably  with  works  of  a  capacity  for  10  tons  of  each  per 

day.    They  estimate  that  they  will  have  from  3,000  to  5,000  horse-power  surplus  to  dispose  of,  with  all  the  land 

necessary.    A  spur-track  from  the  Passumpsic  railroad  Mill  run  directly  to  the  grounds.    The  privilege  is  an 
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excellent  one,  though  as  there  is  now  no  settlement  at  the  locality,  a  village  will  have  to  be  built  up.  The 
measurements  of  flow  made  by  Professor  Fletcher  at  Hanover,  a  couple  of  miles  above,  and  already  given  in 
the  introductory  remarks  on  the  river,  will  serve  as  a  guide  to  the  volume  that  may  be  depended  on  at  certain 
stages  of  water.  For  low  water  of  dry  and  average  years,  and  for  the  amount  available  ten  months  in  average 
years,  the  volume  and  corresponding  theoretical  horse-power  are  here  estimated  at  the  following  figures : 

Estimated  volume  and  power  of  the  Gonneoticut  river  at  Olcott  falls. 


Stage  of  river. 


Drainage 
area. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 


iSq.  Tniies. 
3,373 


BAINFALL  ON   BASIN. 


Spring.        Summer.      Autumn.       Winter. 


Inches, 
9J 


Inches.  Inches, 

12  I  lOJ 

I 


Year. 


Inches.     1 1     Inches. 
8J         '  40i 


Flow  per 
second,  av- 
erage for 
the  21 
hours. 


Cubic  feet. 
1,100 
1,400 
1,800 


Theoretical  horse- 
power. 


1  foot  faU. 
124. 96 
159.04 
204.  48 


SSfeetfall. 
4,370 
5,670 
7,160 


Passing  above  Olcott  falls  there  are  no  shoals  worth  mentioning  below  Dodge's  falls.  Between  the  villages  of 
Woodsville  and  Wells  Ei  ver  the  stream  is  narrow,  and  has  a  rocliy  bed  with  high  rocky  banks,  and  it  is  said  that  the 
plan  has  been  considered  of  building  a  dam  there  10  or  12  feet  high,  and  ruuning  a  canal  to  a  flat  a  short  distance 
below.  There  is  no  shoal  at  this  point,  and  a  fall  only  equal  to  the  lift  of  the  dam  could  be  obtained.  From  here 
up  to  Dodge's  falls  the  banks  are  of  goort'height,  and  in  places  rocky.  At  intervals  they  are  succeeded  by  level 
plateaus  stretching  back  from  the  river,  while  at  other  points  the  hills  rise  at  once  on  either  side  from  the  water. 

Dodgers  falls. — These  are  4^  miles  by  river  above  Wells  Eiver.  Eapids  here  continue  for  1,000  or  1,500  feet, 
with  two  principal  pitches  a  few  hundred  feet  apart.  In  the  narrow  part  of  the  rapids  the  width  between  banks 
is  perhaps  350  feet.  The  stream  is  full  of  rocky  reefs,  rising  here  and  there  a  few  feet  above  the  water.  The  banks 
are  of  good  height,  and  for  10  or  15  feet  above  low  water  are  of  solid  ledge.  Below  the  falls  the  east  bank  is  high 
and  abrupt,  but  on  the  west  side  there  is  a  wide  level  tract  of  land.  The  location  is  good,  the  railroad  being  close 
at  hand,  aud  there  is  a  fine  site  for  a  secure  dam. 

According  to  a  table  previously  given,  the  descent  from  the  foot  of  Mclndoe's  falls,  the  next  above,  down  to 
Wells  Eiver,  a  distance  of  about  7  miles,  is  25  feet.  The  pocket-level  indicates  a  total  fall  on  the  rapids  of  12  or  15 
feet.  The  privilege  is  owned  by  Mr.  George  Van  Dyke,  of  Mclndoe's  Falls,  and  was  formerly  used  by  a  saw-mill, 
but  the  mill  and  dam  are  said  to  have  been  carried  away  in  a  freshet  a  few  years  ago.  It  is  claimed  by  Mr. Van  Dyke 
that  a  dam  12  feet  high  can  be  built  on  the  site  of  the  old  one,  somewhat  above  the  foot  of  the  falls,  without  injury 
to  the  privilege  above. 

Estimate  of  power  at  Dodge's  falls. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 


Drainage 
area. 


Sq.  -miles. 
2,219 


EAINPALL  ON  BASIH. 


Spring. 


Inches. 
9 


Summer.  Autumn. 


Inches. 
12 


Inches. 
IGi 


Winter. 


Inches. 
8i 


Tear. 


Klow  per 
second,  av- 
erage for 
the  24 
hours. 


Inches. 
40 


Cubic  feet. 
650 
850 
1,150 


Theoretical  horse-power. 


1  foot  fall. 

73.84 

96.56 

130.  64 


\%feet  fall. 
890 
1,160 
1,570 


\5feetfall. 
1,110 
1,450 
1,960 


Mclndoe's  Falls.— The  power  at  the  west  end  of  the  dam  is  owned  by  the  creditors  of  E.  B.  Peabody,  of  Saint 
Johnsbury,  Vermont,  but  is  leased  by  George  Van  Dyke,  who  runs  a  large  saw-mill  here,  at  which  10,000,000  or 
12,000,000  feet  of  lumbei"  are  sawed  annually.  The  dam  is  an  old  and  not  very  tight  structure  of  logs,  extending 
out  from  either  shore  to  an  outcropping  ledge  in  the  center  of  the  flver ;  the  fall  is  12  feet.  Van  Dyke  has  wheels 
of  from  300  to  400  horse-power  capacity,  and  with  a  good  dam  would  have  surplus  water  at  the  lowest  stage  of  the 
river.  On  the  east  side  of  the  river  the  power  is  owned  by  Messrs.  Hadlock  &  Willey,  who  operate  a  grist-mill 
with  about  five  runs  of  stone. 

Estimate  of  power  at  Mclndoe's  Falls. 


Stage  of  river. 

Drainage 
area. 

Flow  per 

second,  av- 

.  erage  for 

the  24 

hours. 

Theoretical  horse- 
power. 

Effective 
horse- 
power 

utilized. 

Sq.  miles. 
i    2,205 

Cubic  feet. 
1        650 
i         850 
I     ],150 

1  footfall. 
73.84 
96.66 
l.'^O.  64 

12  feet  fall. 
890 
1,160 
1,570 

U50-450(?) 

Iiow  water  averaee  vear 

Available  10  months,  average  year .  - . 
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Barnet  bridge.— Fussing  up  stream,  the  next  fall  is  close  by  Barnet  bridge,  where  there  is  au  abrupt  pitch 
oi  about  4  feet.  The  stream  narrows  to  a  low-water  width  of  50  feet  under  the  bridge,  and  flows  between  high 
steep  rocky  banks.  The  natural  site  for  a  secure  dam  is  fine,  and  there  is  good  building- ground  just  below  on  the 
east  side,  but  there  are  several  features  which  probably  deprive  the  privilege  of  practical  value.  The  freshet-rise 
in  so  contracted  a  place  is  great,  and  in  extreme  cases  reaches  the  railroad  track  which  runs  along  the  west  bank 
and  below  the  falls  is  17  feet  above  low  water.  It  would  not  therefore  answer  to  raise  the  river  here  with  the 
railroad  as  at  present.  Above  the  falls  are  extensive  low  meadows  which  would  be  overflowed  if  a  dam  were  built, 
and  it  is  probable  also  that  a  dam  of  much  height  would  cause  backwater  at  the  East  Barnet  privilege  on  the 
Passumpsic. 

Summary  of  ivater-privileges  on  the  Conneotieut  river  below  the  Passumpsic  river. 


Locality. 


Drainage 
area. 


,  THEORETICAL  HORSEPOWBB,  AVEB- 

I  AGE  FOB  THE  TWENTT-FOUE  H0UK8. 


Fall  used 
or 

ayailable. 


Xow  water, 
j  dry  year. 


Low  water, 

average 

year. 


Available 

ten  months. 

average 

year. 


Effective 

horse-power 

utilized. 


Remarks. 


Mclndoe'e  Falls  . 

Dodge's  falls 

Olcott  falls 


Snmner's  falls  . 
Bellows  Falls  . 


Tarjier'e  Falls.. 

Holyoke 

Windsor  Locks  . 


Sq.  Tniles. 
2,465 

2,219 
3,373 

4,234 

5,211 

6,902 
8,006 
9,347 


Feet. 
12 

12 
35 

15 

a  52 

b  62} 

59 

a  30 


890 

890 
4,370 

2,560 

11,  520 

22,  010 
25,  470 
15,500 


1, 160 

1,160 
5,570 

3,070 

13,590 

24,860 
27,480 
16,  700 


Total  at  above  falls  . 


277i 


83, 210 


93,  580 


Total  effective  power  available,  assum- 
ing an  efficiency  of  80  per  cent 

Total  effective  power  available,  assum- 
ing an  efficiency  of  60  per  cent 


66,  .570 


49,  930 


74,  860 
56, 150 


1,570 

1,570 
7,160 

4,000 

17,  720 

31,  950 
35, 190 
21, 130 


350-450 


7,  040, 

4,320 
15,  000  ± 
1,  800-1,  900 


Power  used  by  orun  grist-mill,  and  large  saw- 
mill turning  out  10,000,000  to  12,000,000  feet  of 
lumber  annually. 

Power  formerly  used  by  saw-mill,  but  damis  now 
gone,  and  the  privilege  is  entirely  nuoccnpied. 

A  splendid  power,  recentljr  developed  by  Wilder  & 
Co.,  of  Boston.  They  will  erect  extensive  works 
for  the  manufacture  of  pulp  and  paper,  and  will 
have  a  large  surplus  power  for  disposal. 

A  fine  privilege,  but  entirely  unimproved.  Owned 
by  the  Messrs.  Newton,  or  Holyoke. 

Power  largely  employed,  mainly  in  the  manufact- 
ure of  paper.    See  description. 

See  description. 

Do. 

Do. 


120, 290 


28,  500  J: 


96,230 
72, 170 


a  Approximately. 


I)  Only  41  feet  thus  far  developed. 


Fifteen-Mile  falls. — These  falls  begin  shortljj  above  the  mouth  of  the  Passumpsic,  and  are  said  to  continue 
substantially  unbroken  to  Dalton,  the  rise  in  this  distance  amounting  to  nearly  400  feet.  Near  the  junction  with 
the  Passumpsic  the  Connecticut  river  runs  in  a  wide  open  valley  and  is  bordered  by  low  meadows.  Its  bed  is 
there  gravelly,  its  banks.are  low,  and  there  is  a  moderately  rapid  current.  Both  rivers  have  worn  several  channels 
across  these  meadows,  by  which  their  waters  are  dispersed  and  form  islands. 

Two  or  3  miles  farther  up  stream,  near  Mulligan's  mill,  which  is  on  a  little  tributary  brook,  the  main  river 
was  found  to  be  full  of  rapids,  the  bed  gravelly,  and  apparently  ledgy  at  points.  The  west  bank  is  there  of  good 
height  and  is  composed  of  solid  rock ;  the  east  bank  rises  high  and  steep  and  is  sandy.  Except  for  this  latter 
feature  the  locality  would  afford  a  splendid  site  for  power,  the  west  bank  being  very  favorable  for  buildings  and 
-a  canal.  A  very  good  pondage  could  be  obtained  over  poor  land.  At  Lower  Waterford  bridge  the  river  is  275  or 
300  feet  wide,  and  flows  in  rapids  over  a  gravelly  bed.    The  banks  are  high  and  composed  of  gravelly  soil. 

It  may  be  said  in  general  of  the  section  between  Barnet  and  Lower  Waterford  that  the  country  is  sparsely 
settled  and  but  little  cultivated.  Corn  and  gr*ss  seem  to  be  the  principal  productions,  while  to  the  south  of  Barnet 
considerable  land  is  devoted  to  sheep-pasturage.  Very  little  meadow-land  is  to  be  seen  along  this  part  of  the 
river,  and  at  times  the  valley  is  narrow  and  deep  with  steep  side  slopes.  The  adjoining  country  rises  to  high 
hills  with  generally  rounded  outlines,  though  rocky  and  precipitous  in  places.  The  most  noticeable  feature  from 
the  river  valley  is  the  extent  to  which  the  timber  has  been  cut  away,  the  hills  appearing  much  more  bare  than  200 
miles  farther  south;  what  trees  do  remain  are  of  young  growth.  A  short  distance  above  Barnet  the  Passumpsic 
railioad  leaves  the  main  river  and  follows  up  the  valley  of  the  Passumpsic.  The  immediate  valley  of  the  Connecticut 
is  then  without  any  railroad  throughout  the  length  of  the  Fifteen-Mile  falls ;  but  from  their  head,  near  Dalton,  the 
Boston,  Concord,  Montreal,  and  White  Mountains  railroad  and  the  Grand  Trunk  railway  follow  the  river,  in  the 
order  named,  for  about  25  miles,  above  which  it  is  distant  from  any  lirfe. 

The  examination  of  the  Connecticut  river  did  not  extend  above  Lower  Waterfordj  but  the  upper  course 
has  been  described  by  Dr.  C.  H.  Hitchcock,  in  the  Oeology  of  New  Hampshire.,  and  the  liberty  will  be  taken  of 
quoting  from  the  account  there  given.    Writing  of  the  surface  features  of  the  surrounding  region.  Dr.  Hitchcock 
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states  that  "  the  extreme  northern  part  of  New  Hampshire  is  covered  by  a  continuous  primeval  forest,  and  the 
surface  of  the  country  is  broken  by  undulating  I'idges  which  here  and  there  rise  to  mountain  heights".  The 
northern  basin  of  the  Connecticut  river  in  Vermont  is  of  similar  character  to  that  in  Kew  Hampshire.  The 
statement  which  has  been  quoted  was  made  eight  or  ten  years  ago,  and  since  that  time  serious  inroads  have  yearly 
been  made  upon  the  forests  of  this  section,  though  tliey  have  not  yet  been  suflflcient  materially  to  alter  the  general 
proportion  of  timber. 

The  extreme  source  of  the  Connecticut  river  is  in  the  Third  lake,  or  lake  Sophy,  which  lies  within  half  a  mile  of 
the  Canada  border.  Four  miles  to  the  south  it  reaches  the  Second  lake,  which  is  of  considerably  larger  size.  Five 
miles  in  an  easterly  direction  from  Second  lake  the  water-shed  of  the  Connecticut  river  just  touches  the  boundary 
of  Maine.    The  Second  lake  and  the  course  of  the  river  below  are  thus  described  by  Dr.  Hitchcock : 

This  lake  is  2f  miles  in  length,  and  in  the  widest  part  it  is  little  more  than  a  mile,  and  the  heiglit  above  the  sea  is  1,882  feet.  Its 
urea  is  about  If  square  mile.  It  is  one  of  the  most  beautiful  of  our  northern  lakes.  The  graceful  contour  of  its  shores,  the  symmetry  of 
its  projecting  points,  the  stately  growth  of  its  primeval  forests,  the  carpet  of  green  that  is  spread  along  its  border  and  extends  through 
the  long  vista  of  the  woods,  the  receding  hills  and  the  distant  mountains,  present  a  combiuation  of  the  wild,  the  grand,  and  the  beautiful 
that  is  rarely  seen.  Near  its  northern  border,  besides  the  Conneoticnt,  it  receives  two  tributaries,  one  from  the  northeast  and  one  from 
the  northwest. 

Its  outlet  is  on  the  west  side,near  its  southern  limit ;  it  is  40  feet  in  width  and  has  a  depth  of  18  inches.  Twenty  rods  from  the  lake 
it  has  a  fall  of  18  feet  or  more  ;  then  its  descent  is  quite  gradual,  but  forms  here  and  there  deep  eddies.  A  mile  from  the  lake  it  becomes 
more  rapid,  and  rushes  down  between  precipitous  walls  of  rock  in  a  series  of  wild  cascades,  which  continue  for  half  a  mile.  It  receives 
two  tribucaries  from  the  west  before  it  flows  into  Connecticut  lake.  Here  we  find  a  sheet  of  water  exceedingly  irregular  in  its  outUne. 
Its  length  is  4  miles,  and  its  greatest  width  2|,  and  it  contains  not  far  from  3  square  miles.  •  *  •  On  the  west  shore  of  this  lake  the 
country  is  settled,  and  the  grassy  pastures  extend  down  to  its  border;  but  for  the  most  part  it  is  still  surrounded  by  a  primeval  forest. 
•  *  *  The  water  at  the  outlet  flows  over  a  rocky  barrier,  the  stream  falling  abruptly  nearly  37  feet.  The  fall  is  quite  rapid  for  2J 
miles ;  then  the  flow  is  more  gentle  for  about  4  miles  ;  then  it  becomes  more  rapid  again,  and  continues  thus  until  after  it  passes  West 
Stewartstown.  It  is  then  nowhere  a  sluggish  stream,  and  has  rapids  in  many  places  until  it  gets  below  the  falls  of  Northumberland ;  then 
it  is  the  most  placid  of  streams  until  it  reaches  the  Fifteen-Mile  falls,  which  begin  in  Dalton. 

The  country  along  the  Conaecticut  above  Hall's  stream  is  moderately  hilly,  but  not  rugged,  and  in  1874  more 
than  nine-tenths  was  still  covered  with  the  original  forest.  Thence  to  the  head  of  the  Fifteen-Mile  falls  are  fertile 
intervales,  varying  from  half  a  mile  to  a  mile  in  width.  The  surface  back  from  the  immediate  river  valley  rises  in 
bold  hills  and  mountains. 

Eegarding  the  use  of  power  on  this  extreme  upper  section  of  the  river  but  little  information  can  here  be  given, 
and  that  was  mainly  derived  from  correspondence.  Above  Mclndoe's  Falls  there  is  no  dam  until  we  reach  Guildhall^ 
where  10  feet  fall  and  120  horse-power  are  in  use  at  a  saw-mill. 

The  next  power  is  at  West  Stewartstown,  about  80  miles  by  river  above  Mclndoe's  Falls.  The  dam  is  a  wooden 
structure  about  200  feet  long  and  10  feet  high,  and  was  built  fifty  years  or  more  ago.  Ten  feet  head  and  100 
horse-power  are  used  for  a  saw-,  grist-,  and  starch-mill,  and  it  is  stated  that  no  additional  power  could  be  run, 
except  in  spring  and  fall.  Where  flowing  freely  the  river  has  in  that  vicinity  an  average  width  of  about  150  feet, 
with  a  summer  depth  of  2  and  a  winter  depth  of  3  feet. 

Mr.  W.  F.  Allen,  proprietor  of  the  saw-mill  at  West  Stewarstown,  wrote,  in  1880,  that  there  were  thirteen  dams 
above  him  on  the  Connecticut,  having  an  average  fall  of  9  feet ;  and  that  there  were  dams  at  the  outlet  of  both  the 
First  and  Second  Connecticut  lakes,  the  former  capable  of  being  raised  12  feet  and  the  latter  8  feet.  Probably 
these  dams  at  the  headwaters  are  utilized  mainly  for  the  purposes  of  log-driving. 

Drainage  areas  of  the  upper  Connecticut  river. 


Locality. 


At  outlet  of  Second  lake 

At  outlet  of  Conneoticut  lake 

Below  the  mouth  of  the  Nulhegan  river 

Below  the  mouth  of  the  upper  Ammonoosue  river 

At  Dalton      

Below  the  mouth  of  the  Passumpeic  liver 


Square 
miles. 


47 

93 

794 

1,176 

1,431 

2,139 


TEIBUTARIBS  OF  THE  CONNECTICUT  RIVER. 

From  the  hills,  and  even  mountains,  which  rise  higher  and  higher  as  we  depart  from  the  immediate  valley  of 
the  Connecticut,  numerous  swift-running  streams,  frequently  broken  by  rapids  and  falls,  flow  down  to  the  mam 
river,  and,  being  sustained  by  springs,  lakes,  ponds,  and  artificial  reservoirs,  furnish  valuable  water-powers  which 
are  largely  utilized.    Some  of  the  more  important  of  these  streams  will  be  described,  beginning  toward  the  mouth  of 
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the  Connecticut,  and  taking  up,  in  order,  Salmon,  Hockanum,  Farmington,  Scantic,  Westfleld,  Chicopee,  Mill 
Deerfleld,  and  Miller's  rivers,  and,  in  less  detail,  some  of  the  tributaries  received  in  New  Hampshire  and  Vermont, 
the  names  and  drainage  areas  of  which  are  included  in  the  list  given  below : 

Frincipal  tributaries  of  the  Connecticut  river. 


Name. 


Perry  stream  . . 
Indian  stream  . 
Hall's  stream  . . 


./*■" 

Nulhegan  river 

Upper  Ammonoosuc  river  . 

Israel's  i-iver 

John's  river 

Passumpsio  river 

Wells  river   

Lower  Ammonoosuc  river  . 

Wait's  river 

Ompomponoosuc  river 

White  river 

Mascomy  river 

Ottaquechee  river 

Sugar  river 


Lies  on 

which  side 

of  main 

stream. 


North. 
...do  . 
...do  . 


West  . 
East.. 
. .  do  . 
...do. 
West  . 
...do  - 
East . . 
West . 
...do  . 
...do  . 
East  .. 
West. 
East . . 


Lies  iu  what  state. 


Now  Hampshire. 
...do 


New  Hampshire  and 
Canada. 


Vermont 

New  Hampshire ., 

...do 

...do 

Veimont 

..  do 

New  Hampshire . 

Vermont 

..  do 

...do 

New  Hampshire. 

Vermont 

New  Hampshire. 


Drainage 
area. 


iniles. 
27 
07 
88 

132 
252 
129 

86 
485 

94 
388 
156 
123 
623 
190 
192 
272 


Name. 


Black  river 

Williams  river.. 

West  river 

Ashuelot  river. 
Miller's  river  . . . 
Deerfield  river.. 


Mill  river 

Chicopee  river . . 
Westfield  river  . 
Scantic  river 


Earmington  river. 

Little  river 

Hockanum  river... 
Salmon  river 


Lies  on 

which  side 

of  main 

stream. 


West. 
...do. 
...do  . 
East .. 
...  do- 
West . 


-*- 

East . . 

West. 
East .. 


West . 
...do  . 
East . . 
...do. 


Lies  in  what  state. 


Vermont 

...do 

...do , 

New  Hampshire. 
Massachusetts 


Vermont  and  Massa. 
chnsetts. 

Massachusetts 

...do  

...do  


Massachusetts 
Connecticut. 

Connecticut . .  - 

...do 

...do  

...do  


and 


Drainage 
area. 


Sq.  miles. 
152 
108 
363 
422 
396 
646 

58 
706 
514 
118 

584 
76 
79 

150 


THE   SALMON   RIVER. 

The  main  portion  of  this  stream  is  formed  in  the  western  part  of  the  town  of  Colchester,  Connecticut,  by  the 
union  of  Black  Ledge  river  and  Salmon  brook.  It  runs  thence  southwesterly  and  southerly  a  distance  of  9  or  10 
miles  to  the  Connecticut,  forming  the  boundary  between  the  towns  of  East  Haddam  on  the  one  hand,  and  Chatham 
and  Haddam  on  the  other,  and  empties  at  East  Haddam  Landing.    Its  basin  comprises  150  square  miles. 

The  river  has  not  been  much  developed,  but  it  is  looked  upon  with  great  favor  by  those  using  it,  and  would 
admit  of  considerable  improvement  and  further  use.  It  drains  a  hilly  section,  thickly  timbered  and  having  small 
agricultural  value.  The  immediate  valley  is,  as  a  rule,  narrow  and  deep;  toward  the  mouth,  though,  it  opens  out, 
and  the  river  is  bordered  by  low  lands  subject  to  overflow.  During  eight  months  in  the  year  a  small  steamer  can 
ascend  about  2  miles  from  the  mouth,  or  to  within  a  mile  or  so  of  Leesville.  This  route  is  said  to  be  used  generally 
by  the  merchants  for  freighting,  and  will  be  by  the  Moodus  manufacturers  whenever  it  becomes  possible  to  ship 
directly  to  New  York  by  this  channel.  At  present  the  Leesville  factory  sends  merchandise  by  team  to  Goodspeed's 
Landing,  while  the  mill  at  Comstock's  Bridge,  a  few  miles  above,  ships  by  the  Air  Line  railroad  from  Lyman 
Viaduct.  The  bed  of  the  river  at  Leesville  and  above  is  either  ledge  rock,  or  gravel  underlaid  by  ledge  rock  at  a 
slight  depth;  granite  and  mica  schist  are  the  prevailing  varieties.  The  banks  are  gravelly.  Below  Leesville  the 
stream  is  under  the  influence  of  backwater  from  the  Connecticut,  but  above  that  point  it  has  a  pretty  steady  fall, 
and  is  mainly  made  up  of  shoals.    At  Comstock's  Bridge  the  width  is  50  feet,  and  at  Leesville  about  90  feet. 

Since  Pine  brook  and  Moodus  river  both  enter  the  Salmon  below  the  lowest  water-privilege,  the  reservoirs  on 
those  important  little  streams  are  no  help  to  manufacturing  on  the  main  stream,  and  the  latter  really  receives  but 
moderate  assistance  from  any  reservoirs.    The  only  ones  draining  into  its  upper  course  are  as  follows: 

1  North  pond,  on  the  line  between  Hebron  and  Lebanon,  is  estimated  to  contain  200  acres,  but  measures  244 
acres  upon  Clark  &  Tackabnry's  map  of  the  state  (1859).  It  is  fed  almost  entirely  by  springs,  can  be  drawn  down 
10  feet  from  full-water  line,  and  usually  fills,  though  it  did  not  do  so  for  the  two  years  prior  to  the  fall  of  1882.  There 
is  no  wastage,  and  the  supply  could  not  therefore  be  substantially  increased  by  raising  the  dam.  The  reservoir 
is  controlled  by  A.  G.  Turner. 

2.  Marlborough  pond  is  controlled  by  H.  A.  Blakeslee,  of  Hartford.  It  is  described  as  being  nearly  a  mile  long 
and  about  a  third  of  a  mile  wide.  It  can  be  drawn  down  9  feet  from  iull- water  line  to  the  bottom  of  the  gate,  and 
after  leaving  the  lake  the  water  falls  52  feet  within  a  shorb  distance.  The  pond  fills  regularly  every  spring,  and 
keeps  well  filled  during  the  entire  year,  its  supply  being  largely  from  springs.  It  is  thought  that  the  surface  might 
be  raised  3  or  4  feet  higher  at  no  great  outlay. 

3.  Whitmore's  reservoir,  in  the  town  of  Colchester. 

234 


THE  EF.GTON  TRIBUTARY  TO  LONG  ISLAND  SOUND. 


Of) 


It  is  claimed  on  Salmon  rivor  that  tbese  reservoirs,  as  they  are  now  operated,  are  ol'  not  niucli  assistance  to  tlie 
stream  in  the  dry  season.  There  was  formerly  a  paper-mill  on  the  outlet  of  Whitmore's  reservoir,  but  it  has  been 
removed,  and  the  reservoir  now  acts  only  as  a  natural  pond.  There  are  also  stated  to  be  mills  at  the  outlets  of  North 
and  Marlborough  ponds;  consequently  these  ponds,  being  drawn  clown  upon  for  more  or  less  continuous  use,  cannot 
be  managed  strictly  as  storage  reservoirs,  and  are  not  tlierefore  of  the  benefit  they  might  otherwise  be  to  the 
main  stream.  Manufacturers  on  the  latter  consider,  however,  that  new  storage  reservoirs  might  conveniently  be 
built,  aTid  that  the  low-water  flow  might  thereby  be  doubled,  or  fven  trebled.  The  stream  drains  a  considerable 
area,  receives  many  tributary  brooks  supplied  by  springs,  and  the  valleys  are  favorable  to  storage,  exhibiting,  as 
the  eastei-n  Connecticut  streams  generally  do,  frequent  intervales  shut  in  on  all  sides  by  hills.  The  water  of  the 
stream  is  very  clear  and  pure. 

As  it  now  is,  Salmon  river  is  subject  to  considerable  fluctuations  in  volume,  and  rises  rapidly  after  rains.  In 
the  highest  freshet  observed  at  Comstock's  Bridge  the  water  poured  over  the  250-foot  roll-way  8  feet  deep.  The 
ordinary  spring-fresTiet  rise  on  this  dam  is  about  4  feet,  and  in  the  river  below  the  Leesville  dam  6  feet  is  looked 
upon  as  a  heavy  rise.  There  is  a  large  run  of  cake-ice  down  stream  in  spring,  but  usually  sufiQcieut  depth  of  water 
on  the  dams  to  carry  it  over  without  injury  to  them.  The  ice  sometimes  gorges  in  the  narrows  and  causes  backwater. 
At  Comstock's  Bridge  this  has  been  suf&cient  to  hide  the  dam  completely  from  sight,  though  the  gorges  last  but  a 
short  time.  They  also  form  (below  Leesville,  and  cause  some  backwater  there  for  perhaps  half  an  hour  at  a  time. 
But,  generally  spe.iking,  backwater  is  not  considered  a  serious  hinderance  on  this  river.  The  Leesville  mill  has 
been  known  to  stop  a  day  from  that  cause  but  not  a  minute,  even,  during  the  five  years  preceding  1882. 

At  the  village  just  mentioned  the  first  power  met  in  ascending  the  stream  is  in  use  by  the  East  Haddam  Duck 
Company,  running  1,080  spindles.  The  riverbed  is  at  this  point  solid  ledge  rock.  The  dam  rests  upon  that 
foundation,  and  is  a  framed  structure  having  three  rows  of  vertical  braces.  The  roll- way  is  120  feet  long,  12  feet 
high,  and  is  supplemented  by  a  gravel  embankment.  There  is  a  considerable  amount  of  leakage  through  the  dam. 
The  ponds  set  back  a  mile  or  a  mile  and  a  half,  and  is  alone  sufficient  to  run  the  mill  for  a  day.  Water  is  brought 
225  feet  to  the  mill  through  a  wooden  tube.  This  is  made  of  2^-inch  white  pine,  is  54  inches  in  internal  diameter, 
and  is  secured  by  ^-intfh  round-iron  hoops  at  intervals  of  15  inches.  The  tube  showed  no  leakage  whatever.  The 
fall  at  the  mill  is  17^  feet,  and  the  rated  wheel  capacity  70  horse-power.  It  is  stated  that  in  ordinary  years  this 
can  be  realized  throughout,  with  a  waste  over  the  dam  nearly  all  the  time,  but  in  extraordinarily  dry  seasons,  such 
as  prevailed  in  the  years  1880-'82,  there  is  some  scarcity  of  water,  though  the  effective  horse-power  is  estimated 
never  to  run  below  50. 

From  Leesville  up  to  Comstock's  Bridge,  a  distance  by  river  of  3^  miles,  the  traveled  road  runs  high  up  on  the 
side  of  the  valley,  which  is  much  of  the  way  very  narrow  and  deep.  Though  a  mill-site  could  probably  be  found, 
it  would  not  be  very  easily  accessible,  nor  would  there  be  good  opportunity  for  much  of  a  village. 

The  privilege  at  Comstock's  Bridge  is  occupied  by  Brown  Brothers,  manufacturers  of  card  paper.  They  have, 
a  stone  dam,  raised  2  feet  on  top  by  a  wood  addition.  The  roll-way  is  250  feet  long  and  7  feet  high.  Water  is 
brought  to  the  mill  50  or  60  rods  in  a  race.  The  fall  is  16  feet,  and  100  horse-power  is  used  twenty-four  hours  in 
the  day.  In  an  average  year  this  can  be  obtained  for  about  eleven  months,  but  in  an  exceptionally  dry  season  the 
power  sinks  as  low  as  30  horse-power,  which  is  considered  the  minimum.  In  ordinary  years  there  is  a  large  waste 
over  the  dam  for  eight  months. 

The  stream  was  not  examined  above  this  point,  but  there  were  reported  to  be  another  paper-mill  and  a  grist- 
mill within  3  miles.  There  is  some  unimproved  fall  on  this  part  of  the  stream,  though  no  data  are  accessible  showing 
accurately  its  amount.  The  m'anager  of  the  Leesville  mill  estimated  the  rise  to  be  from  15  to  20  feet  between  that 
point  and  Comstock's  Bridge,  and  at  the  latter  point  it  was  thou-ght  that  a  good  privilege  might  be  secured  within 
half  a  nule  either  above  or  below,  and  with  a  very  considerable  pondage  in  one  case.  Th^  theoretical  power  of 
the  stream  there  may  be  estimated  as  below: 


Ustimated  flow  and  poicer  at  Oomstoch's  Bridge. 


stage  of  river. 

Drainage 
area. 

Average 
flow  per 

second  for 
the  24 
honrs. 

Theorct- 
icalhorae- 
power  per 

foot  faU. 

Low  water,  average  year 

Sg.  miles. 
]       103 

Ou.feet. 
r        35 
X         55 

3.98 
6.25 

Available  10  months,  average  year  . . 

Note. — Average  rainfall  on  basin,  11  inches  in  spring,  \i\  in  snmiDer,  10^  in  autumn,  12  in  winter,  and  48  for  the  year. 

Salmon  river  receives  in  its  lower  course  two  important  little  tributaries,  known  as  Moodus  river  and  Pine 
brook.   .  235 
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Moodus  river  flows  from  the  east  through  the  town  of  East  Haddam,  and  is  but  a  few  miles  in  length,  measured 
to  its  extreme  source.  Bashan  and  another  small  brook  unite  some  distance  above  the  village  of  Moodus  to  form 
Meadow  brook,  and  this,  from  a  point  about  a  mile  and  a  half  above  the  village,  is  called  Moodus  river.  This 
stream  drains  a  hilly  wooded  district  well  supplied  with  springs..  Its  bed  is  rocky,  the  stone  being  rather  soft 
and  of  no  value  for  building  dams  or  mills.  The  principal  variety  of  timber  found  near  is  chestnut,  vrith  some 
hickory,  oak,  and  maple.  The  descent  of  the  stream  is  rapid,  amounting  to  350  feet  or  more  in  about  2  miles. 
The  hills  shed  water  freely  and  there  is  a  quick  rise  after  rains.  The  flow  is,  nevertheless,  well  sustained  in 
summer,  being  supplied  by  two  completed  reservoirs,  as  follows  : 

1.  Bashan  pond,  a  natural  lake  raised  by  a  dam.  It  covers  about  300  acres  when  full,  and  can  be  drawn  the 
equivalent  of  220  acres  to  an  average  depth  of  14  feet.  If  drawn  down  to  the  utmost  it  does  not  ordinarily  fill  up 
again  in  a  single  season ;  indeed,  it  has  only  been  full  twice  since  it  has  been  used  as  a  reservoir.  It  receives  no 
tributary  streams  of  any  importance. 

3.  Fall  Brook  reservoir  drains  through  Fall  brook  into  the  main  stream  about  a  mile  and  a  half  above 
Moodus.  It  is  much  smaller  than  Bashan  pond,  but  furnishes  a  good  supply  of  water  and  fills  regularly,  the 
brook  running  into  it  from  above.  It  is  estimated  to  flow  about  140  acres  when  full,  and  can  be  drawn  down  the 
equivalent  of  100  acres  to  an  average  depth  of  5  feet.  ' 

These  reservoirs  are  some  little  distance  away  from  the  mills,  on  side  streams,  a^d  the  water  being  allowed  to 
run  steadily  from  them,  night  and  day,  during  the  dry  season,  there  is  considerable  wastage,  the  mill-ponds 
having  very  little  capacity  for  storage.  It  is  said  that  on  opening  the  gates  it  takes  three  days  for  water  from 
Bashan  pond  to  reach  Moodus  in  sufficient  quantity  to  be  of  any  avail,  as  much  is  in  the  intervening  distance 
soaked  up  by  the  ground  and  retained  in  swamps  and  other  low  places. 

The  reservoir  capacity  can  yet  be  largely  increased,  and  it  is  estimated  that  the  low-water  volume  of  the 
stream  even  now  can  be  doubled.  In  September,  1882,  there  was  in  process  of  construction  a  new  storage-reservoir 
a  mile  and  a  half  above  the  village  of  Moodus.  It  lies  directly  upon  the  main  stream,  to  which  it  will  prove  a  great 
help.  The  dam  at  its  outlet  was  designed  to  have  a  roll-way  135  feet  long,  and  to  be  built  upon  the  site  previously 
occupied  by  a  very  low  dam  which  raised  the  stream  perhaps  3  feet.  It  will  be  raised  at  present  5  feet  above  the 
old  dam,  and  will  give  a  flowage  of  328  acres  to  a  shallow  depth.  A  storage  of  40,000,000  cubic  feet  will  thus  be 
obtained,  which  is  estimated  sufficient  to  maintain  the  supply  at  the  mills  for  six  weeks  during  summer.  The  total 
expense  of  the  improvenfient,  including  damages  for  flowage,  is  placed  at  $12,000.  Being  just  above  the  mills,  this 
reservoir  can  be  easily  controlled,  and  will  permit  a  very  economical  use  of  the  water  of  the  stream.  It  is  stated 
that  the  stream  can  be  raised,  in  all,  15  feet  at  this  point  above  its  natural  surface.  By  raising  the  reservoir  surface 
5  feet  still  higher  than  at  present  contemplated,  a  total  flowage  of  448  acres  can  be  obtained,  and  a  corresponding, 
storage  of  120,000,000  cubic  feet.  Without  the  assistance  of  the  new  reservoir,  the  ordinary  spring  flow  of  the 
stream,  when  not  wasting  at  the  upper  reservoirs,  has  been  found  to  be  about  38  cubic  feet  per  second  at  Moodus. 
All  three  of  the  reservoirs  which  have  been  mentioned  are  owned  by  an  association  composed  of  the  various  mill- 
owners  beneflted. 

The  manufacturing  on  this  stream  is  mainly  in  the  village  of  Moodus,  but  is  scattered  along  2  miles  of  its 
course.  The  mills  are  rather  small,  and  of  the  thirteen,  all  but  three  make  seine-twine ;  two  establishments 
manufacture  duck,  and  one,  the  Moodus  Yarn  Company,  makes  yarns  and  threads.  The  goods  are  mostly  sent  to 
Xew  York,  being  shipped  by  team  to  Goodspeed's  Landing,  and  thence  by  water  during  the  period  of  steamboat 
navigation.  The  traffic  thus  brought  about  by  the  manufacturing  on  this  mere  brook  is  quite  large,  and  Goodspeed's 
Landing  is  said  to  rank  next  after  Hartford  and  Middletown  in  importance  as  a  shipping  point  on  the  river. 

The  dams  on  the  stream  are  in  some  cases  stone,  and  in  others  framed ;  they  probably  average  50  feetjn  length 
of  roll-way.  Water  is  carried  to  the  mills  in  races  of  moderate  length.  The  falls  used  are  large,  but  turbine  wheels 
are  employed  except  at  the  Williams  Duck  Company,  where  there  is  a  breast- wheel.  The  wheels  are  stated, 
however,  to  be  generally  of  old  patterns  and  wasteful  of  water.  Owing  to  this  waste,  and  to  that  arising  from  the 
manner  in  which  it  is  found  necessary  to  manage  the  old  reservoirs,  the  stream  is  not  economically  used.  Still  it 
is  a  good  little  stream  for  power,  and  is  so  considered  by  those  using  it.  Hitherto  the  mills  have  been  stopped 
about  a  month  in  summer  by  low  water,  but  with  the  new  reser\'oir  completed  it  is  expected  that  they  will  run 
steadily  through  that  season.  It  is  estimated  by  good  authority  that  the  wheels  now  employed  in  the  village  have 
a  total  of  about  800  horse-power.  The  Moodus  Yarn  Company  is  the  only  concern  employing  steam  for  power  at 
all ;  it  uses  steam  all  the^time,  but  with  new  water-wheels  can  probably  dispense  with  it. 
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Statisticn  of  manufacturing  at  Moodus  in  August,  1882. 

rruTnished  by  Mr.  Greene,  of  the  MooduB  Tarn  Company.] 


Firms  In  order  lielow  new  reservoir 
(no  mills  above). 


Manufacture. 


New  "tork  Net  i^  Twine  Company  - 

Atlantic  Duck  Company 

Williams  Puck  Company 

A.  E.  Purple 

J.  O.  Cone 

W.  L.  Fowler,  jr.. 

New  Yoik  Net  &■  Twine  Company 

Browuell  &.  Co 

H.  Boiee 

A.  E.  Purple 

Moodus  Tarn  Company      

E.  Johnson 

Do 


Fall. 


Number  of 
spindles. 


Feet. 


Seine-twine 

Saw-mill 

Seine-twine 

Seine- twine 

Twine  and  yarns  . 
Seine-twine 


Seine-twine. 
...do 


30 
2.S 
19 
12 
20 
21 
20 
24 
16 

20 
25 


2,160 
1,798 
1,280 
1,424 


346) 


19,  986 


Production 

per  week 

in  iln- 

isbcd 

goods. 


Pounds, 
5,000 
5,500 
4,600 
3,200 


728 

2,100 

1,184 

3,800 

1,152 

3,000 

1,600 

4,000 

1,216 

2,400 

5,496 

0,800 

1,024 

2,500 

1,024 

2,600 

The  fall  on  the  stream  is  practically  all  taken  up.  A  few  feet  remain  here  and  there,  but  not  enough  to 
constitute  separate  privileges. 

PinebrooTi  enters  Salmon  river  from  the  north,  near  its  mouth,  heading  in  and  deriving  an  important  supply 
from  Pokatopaugh  lake,  which  lies  in  the  town  of  Chatham.  It  is  stated  that  the  fall  from  the  lake  to  the  month  of 
the  stream,  as  determined  by  actual  survey,  is  460  feet  in  a  distance  of  not  over  7  miles.  The  lake  is  a  natural  sheet 
of  water,  the  surface  of  which  has  been  raised  a  little  by  a  low  dam.  It  is  not  known  to  have  been  recently  surveyed, 
but  is  estimated  by  two  or  three  manufacturers  familiar  with  it  to  cover  800  or  900  acres.  On  the  old  state  map 
which  has  been  employed  it  measures  475  acres,  but  may  not  be  correctly  shown  there.  It  receives  no  important 
tributaries,  but  seems  to  be  largely  fed  from  hidden  springs.  It  is  quite  deep,  probably  40  feet  in  places,  and 
consequently  a  great  part  of  the  water  cannot  be  drawn  out.  The  Bevin  Brothers  Manufacturing  Company  owns 
the  land  at  the  outlet  and  controls  the  gates.  From  high-water  mark  the  lake  can  be  drawn  down  6  or  8  feet.  At 
an  estimated  expense  of  $2,000  the  bottom  can  be  dredged  near  the  outlet  and  the  gates  lowered  4  feet;  or  at  the 
same  expense  the  pond  can  be  raised  2  feet  above  present  full-water  mark.  It  would  indeed  admit  of  being  raised 
a  number  of  feet  higher  still,  but  it  is  thought  that  it  could  not  be  depended  upofi  to  fill  more  than  the  2  feet 
mentioned.  Two  years  ago,  with  the  dam  as  at  present,  the  lake  did  not  fill,  but  it  commonly  does,  and  for  two 
months  or  more  water  runs  to  waste. 

The  lake  holds  back  freshets  and  ice.  Its  waters  are  very  clear  and  pure,  and  Pine  brook,  which  they  supply, 
is  regarded  very  highly  by  the  manufacturers  upon  its  course  as  a  source  of  power,  not  so  much  from  its  size, 
which  is  small,  as  from  its  permanency.  The  Gong  Bell  Company's  works  have  not  been  compelled  to  stop  a  single 
day  in  thirty  years  for  lack  of  water.  It  is  estimated  that,  with  the  lake  full,  the  stream,  under  20  feet  head,  will 
supply  35  effective  horse-power  throughout  the  year.  The  dams  are  short,  aud  in  most  cases  rude  and  cheap. 
Water  is  commonly  conducted  to  the  water-wheels  through  wooden  flume.'J.  The  wheels  are,  with  one  exception, 
all  turbines. 

The  manufacturing  on  Pine  brook  is  almost  entirely  confined  to  the  village  of  East  Hampton,  which  is  at  the 
outlet  of  the  lake;  it  is  a  place  of  about  700  inhabitants,  located  on  the  Air  Line  division  of  the  New  York,  New 
Haven,  and  Hartford  railroad.  It  is  interesting  to  notice  how,  in  passing  from  one  small  stream  to  another,  we 
come  upon  industries  the  productions  of  which  are  familiar  to  every  one,  but  the  locations  of  which  are  known  to 
but  comparatively  few.  We  also  have  frequent  illustration  of  the  tendency  of  members  of  a  single  trade  to 
congregate.  The  chief  entei'prise  at  East  Hampton  is  the  manufacture  of  bells  of  all  kinds,  the  yearly  production 
of  which  has  been  estimated  (in  1874)  to  exceed  in  number  25,000,000 ;  in  the  particular  industry  of  making  sleigh- 
bells  this  point  is  claimed  to  be  the  most  important  in  the  United  States.-  The  first  sleigh-bells  ever  made  in  this 
country  were  produced  by  William  Barton,  who  in  1808  came  from  New  York  to  East  Hampton  and  engaged  in 
their  manufacture ;  he  was  the  first  man  to  cast  sleigh-bells  whole  in  their  present  form,  and  the  first  to  turn  them 
in  a  lathe.  This  branch  of  industry  has  continued  to  flourish,  and  there  are  now  six  bell-manufacturing  concerns 
in  the  village. 

The  water-privilege  nearest  the  lake  was  once  occupied  by  a  forge,  where  it  is  said  that  cannon-balls  were 
made  during  the  Eevolutionary  war.  ^^^ 
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Princijgal  water-privileges  on  the  outlet  of  PoTcatopaugh  lake. 


Title  of  firm  or  privilege  (in  order  from  lake). 


Above  the  village. 


Old  Forge  privilege 

Buell  &  "Veazey  privilege 

Stewart  D .  Pannelec  ]>rivilege .•- 

Bevin  Brothera  Manufactaring  Company  . . . 
Merriclf  &  (Jonant  Manufacturing  Company. . . 

Starr  Brothers  Bell  Company 

Do 

East  Hampton  Bell  Company 

Gong  Bell  Manufacturing  Company 

D.  "W.Watrous  &  Co 

D.  B.  Niles  &  Sons'  privilege 

William  E.  Barton  privilege 

Barton  Bell  Company 

Henry  Skinner 

Sexton  privilege , 

H. B.Brown  &  Co 


Below  the  village. 


Old  gun-shop  privilege 

Pine  Brook  Duck  Company's  privilege. 

"Wetherell  privilege 

House's  paper-mill 


Total. 


Mannfacture. 


Tall. 


Bells 

Thread  and  silk . 

Bells.. 

..  do 


.do 


Bells  and  coffin-trimmings . 


Bells 

Saw-  and  grist-mill . 


Bolt'Cutting  machines  . 


In  use  for  some  kind  of  manufacturing . 

...do  

...do 

Paper - 


Feet. 

1.2 

7 

8 

18 

20 

12 

7 

19 

7 
15 
14 
16 
20 

7 
12 


30 
30 


Bemoiks. 


TTnoccnpled.  • 
Do. 
Do. 


TJnoccq^ed. 
ITnoccnpied ;  mlUbamed. 


UnocSnpied. 


NoTB. — The  facts  concerning  these  privileges  are  as  stated  by  a  manufacturer  long  familiar  with  the  stream  j  they  are  nndonhtedly  correct  in  the  mainv 
although  the  falls  may  not  have  been  given  with  exactness  in  all  cases. 

It  will  be  seen  from  this  list  that  there  are  several  privileges  unoccupied.  The  falls  as  given  foot  up  339  feet,  or 
about  120  feet  less  than  the  total  descent  of  the  stream  from  the  lake.  There  is  said  to  be  considerable  undeveloped 
fall  on  the  lower  part  of  the  stream,  and  especially  on  J.  S.  Markham's  property,  below  H.  B.  Brown  &  Co. 


THE   HOCKANXIM  KIVBR. 

This  important  little  mauufactui^ing  stream  has  its  principal  source  in  Shenipsit  lake,  which  lies  on  the  boundary 
between  the  towns  of  Tolland  and  Ellington,  Connecticut.  It  flows  thence  through  portions  of  the  towns  of  Vernon,. 
Ellington,  Manchester,  and  East  Hartford,  running  in  a  southwesterly  course,  and  empties  into  the  Connecticut 
opposite  Hartford ;  it  measures  18  or  20  miles  in  length  below  the  lake. 

Shenipsit  lake  is  a  natural  pond  raised  by  an  embankment  having  a  stone  roll- way  about  50  feet  long.  It  flows 
680  acres,  and  can  be  drawn  down  from  a  full  stage  about  23  feet  at  the  gates.  The  drainage  area  above  the  outlet 
is  15.4  square  miles.  Such  an  extent  of  country  of  course  furnishes  a  great  amount  of  surface  water,  but  the 
reservoir  is  also  largely  fed  by  hidden  springs.  Probably  two  years  out  of  three  it  fills  up  in  spring,  with  a  little 
wastage  at  the  dam  for  a  short  time;  but  although  the  latter  would  admit  of  being  raised  still  further,  it  is 
probable  that  the  storage  could  not  be  substantially  increased  over  its  present  amount.  This  reservoir  is  owned 
and  controlled  by  the  Eockville  Water  Power  Company,  an  association  of  which  nearly  or  quite  all  the  Eockville 
niill-owuers  are  members.  The  Rock  Manufacturing  Company  is  perhaps  the  largest  user  of  power  in  the  village,, 
and  sufficient  water  is  drawn  from  the  lake  to  run  the  wheel  at  one  of  its  privileges.  The  amount  thus  supplied 
is  about  GO  cubic  feet  per  second.  The  lake  is  drawn  upon  throughout  the  year,  and  the  amount  of  water  stated 
can  always  be  obtained,  the  supply  having  run  short  but  once  in  ten  years.  This  stream  was  visited  August  30 
1882,  and  although  there  had  been  no  rain  whatever  since  July  5,  there  were  still  remaining  21  feet  of  water  in 
the  reservoir.  A  very  permanent  and  valuable  water-power  is  furnished  along  the  course  of  the  stream  below 
which  is  also  freed  from  freshets  of  importance. 

After  leaving  Shenipsit  lake  the  Hockanum  river  flows  down  through  the  village  of  Eockville  in  a  narrow 
rocky  valley  among  high  hills.  It  then  enters  upon  a  more  open  country  diversified  by  low  hills,  but  showing 
some  broad  stretches  of  comparatively  level  land.  Tobacco  is  in  this  section  the  principal  crop,  more  or  less  corn 
potatoes,  and  grass  also  being  raised.  Through  this  portion  of  its  course  the  fall  in  the  stream  is  moderate,  and 
the  banks  are  either  gravelly  or  soft.  For  a  mile  below  Adams'  paper-mill,  at  Manchester,  the  bed  contains  much 
quicksand;  but  for  a  mile  below  that  stretch,  to  and  including  the  Burnside  privileges,  it  is  composed  of  red- 
sandstone  rock.  Still  farther  down  stream  the  bottom  is  soft,  the  river  entering  upon  alluvi  il  lands  which  border 
its  own  course  and  that  of  the  Connecticut  river. 

The  Hockanum  drains  an  area  of  79  square  miles.  According  to  the  report  of  General  Theodore  G.  Bllis,(a) 
its  greatest  discharge  at  the  mouth  is  6,167  cubic  feet  per  second,  its  mean  discharge  132  cubic  feet  per  second,, 
and  its  least  discharge  60  cubic  feet  per  second. 
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a  See  page  55,  Appendix  B  14,  Report  of  the  Chief  of  Engineers,  U.  S.  army,  1878. 
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With  the  exception  of  a  moderate  fall,  variously  estimated  at  from  8  to  12  feet,(tt)  situated  in  the  town  of 
Manchester,  between  Adams'  paper-mill  privilege  and  that  of  the  Hartford  Manila  Company,  no  unimproved  fall 
on  the  stream  sufficient  to  constitute  a  separate  privilege  could  be  learned  of. 

A.t  Eockville,  manufacturing  began  to  assume  importance  about  forty  years  ago,  and  now  there  is  a  line  of  fine 
mills  in  close  succession  down  through  the  valley.  The  place  has  a  population  of  about  6,000.  The  fall  is  most 
rapid  in  the  upper  part  of  the  village,  and  the  Eock  company  is  the  first  concern  below  the  reservoir  requiring 
a  canal  of  much  length.  The  dams  are  generally  short  and  inexpensive.  An  equal  number  of  breast- wheels  and 
turbines  are  in  use,  and  are  considered  to  be  of  a  good  class.  Steam  is  also  employed  for  supplementary  power 
at  several  of  the  mills.  The  principal  manufacturing  is  of  cassimeres,  besides  which  cotton-warps,  sewing-silk, 
stockinet,  ginghams,  satinet,  and  envelopes  are  also  made. 

Water-privileges  on  the  Hochanum  river  at  Roclcmlle  {in  order  below  reservoir). 


Company. 

Manufacture. 

Fall. 

Horse-power 
of  water 
ntilized. 

Adams  Manufaotaring  Company 

C.  White 

Cotton- "warp8 

Cotton 

Feet. 
16 

44 

40 
27 
22 
20 
20 
19 
18 
18 
10 

•  1,300-1,400 

Sewing-eilk 

CRSsimeres 

....do  

Do 

do 

White  Mannfactnring  Company .... 
New  Sngland  Company 

GiughamB 

Cassimeres 

Envelopes 

Satinets 

White,  Corbin,  &  Co 

Sprincville  Comnanv 

Caflsimeres 

....do               .     .. 

Do 

Total 

264 

Passing  below  Eockville,  the  first  privilege  is  that  of  the  Ellington  Manufacturing  Company,  at  Windermere, 
running  ten  sets  of  cards  on  cassimeres.  This  mill  has  24  or  25  feet  head,  and  wheels  of  about  125  horse-power,  of 
which  only  90  is  in  use.  Water  is  brought  to  the  mill  in  a  race  a  mile  long.  This  holds  a  suf&cient  quantity  to 
supply  the  wheels  for  an  hour  and  a  half,  or  until  the  water  gets  down  in  the  morning  from  the  Eockville  mills. 
This  long  canal  gives  considerable  trouble,  however,  in  winter  on  account  of  ice;  if  it  is  drawn  down  much,  the 
surface-ice  sinks  and  freezes  to  the  bottom,  thus  clogging  the  channel,  and  in  this  way  the  mill  is  forced  to  stop 
several  times  during  the  winter,  though  not  more  than  a  couple  of  hours  at  a  time. 

Below  this  mill  all  the  other  privileges  on  the  stream,  with  one  exception,  are  occupied  by  paper-mills.  The 
most  recently  developed  power  is  that  of  the  Hartford  Manila  Company,  at  Woodland  station,  in  the  town  of  East 
Hartford.  The  dam  was  built  in  1881,  and  is  a  framed  structure  resting  on  rock;  it  has  a  roll-way  100  feet  long 
and  13  feet  high,  with  masonry  abutments.  The  water-wheels  run  under  14  feet  head,  and  have  a  capacity  of  220 
horse-power.  The  water  from  Shenipsit  lake  does  not  reach  this  mill  till  late  in  the  forenoon,  and  in  general 
through  the  day  the  supply  comes  down  stream  very  irregularly ;  but  the  Manila  company,  having  a  large  pondage, 
stated  to  be  at  least  100  acres,  is  enabled  to  run  steadily  through  the  twenty-four  hours.  Full  capacity  cannot  be 
realized  from  the  wheels  throughout  the  year,  but  the  power  is  estimated  not  to  fall  below  60  horse-power,  and  the 
mill  has  conveniences  for  using  steam  in  low  water. 

Water -privileges  on  the  Hoolmnum  river  below  Bookville. 


Locality. 

Firm. 

Manufacture. 

Fall. 

Feet. 
24-26 

10 

23 

20 

12-14 

Horse- 
power of 

water 
utiUzed. 

Eemarks. 

Windermere 

Talcottville 

Ellington    Manufacturing    Com- 
jiany. 

Cassimeres 

125 

40 

126 

260 

100-110 

180 

220 

Has  also  a  reservoir  of  a  few  acres  above  on  the  stream,  with 

Oakland  Paper  Company 

Union  Manufacturing  Company  . . 

...  do  

dam  8  or  10  feet  high. 
Uses  steam  in  low  water. 

Manchester 

Gringhama 

Uses  steam  in  low  water.    Pond  estimated  at  30  acres. 

Do 

WonrllaTid 

Stone  dam,  built  in  1877;  176  feet  long,  14  feet  high;  cost  $7,000. 

Hartford  Manila  Company    

....do  

14 

Pond  estimated  at  3D  acres. 
Framed  dam ;  lOO.acre  pond. 

a  It  is  said  that  a  large  storage  could  be  obtained  at  this  privilege,  though  with  the  necessity  of  a  long  dam. 
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Water-privileges  on  the  Hoekanum  river  helow  iJocfcwKe— Continued. 


Locality. 

Krm. 

Manufacture. 

Fall. 

Horse- 
power of 

water 
utilKed. 

* ■ 

Semarbs. 

F.  E.  Walker  &  Sob           

Paper 

Feet. 

10-11 

11 

18 

90 
190 

262 

Do 

Bast     Hartford     Mannfaotoring 
Company. 

The  Hanmer  &  Forbes  Corapauy  . 

Fine  paper 

Wooden  dam,  boilt  in  1858 ;  102  feet  long ;  cost,  $760. 

Can  obtain  full  capacity  from  wheels  about  eight  months  in  an 
average  year;  even  in  a  very  dry  season  the  power  is  estimated 
not  to  run  below  50  horse-power.    Steam  used  constantly  for 
supplementary  power.     The  pond  is  small,  and  It  has  just  been 
connected  with  a  side  reservoir  of  26  acres,  to  gain  more  storage 
In  very  high  stages  the  Connecticut  backs  up  to  this  privilege 
and  causes  a  stoppage  of  the  mill  for  a  day  or  two  by  back-water 

Do      

At  Talcottville  the  Hoekanum  is  joined  by  the  Tancanhoosen,  a  small  stream  which  is  supplied  by  a  reservoir  of 
a  few  acres  at  the  head,  owned  by  the  various  mills  below.  This  reservoir  avails  only  a  short  time,  and  can  be  drawn 
down  in  two  weeks  by  Talcott  Brothers'  mill.  The  lowest  privilege  on  the  stream  is  occupied  by  a  small  grist-miU 
with  about  10  feet  fall.  Next  is  Talcott  Brothers'  mill,  running  six  sets  of  cards  on  cassimeres,  and  using  21  feet 
fall  and  60  horse-power.  This  amount  can  be  realized  about  eight  months  in  an  average  year,  but  in  low  water 
this  mill,  as  well  as  thie  other  principal  ones  on  the  stream,  has  to  rely  upon  steam.  The  next  power  is  owned  by 
E.  E.  HilUard,  of  Manchester,  and  used  by  John  A.  Smith,  agent,  for  a  shoddy-mill.  Still  above,  the  Eavine  Mills 
Company  has  two  mills  for  the  manufacture  of  cotton- warps ;  and  yet  farther  up  stream  there  are  two  small  saw- 
and  grist-mills. 

At  Manchester  the  Hoekanum  receives  another  little  stream,  supplied  by  a  reservoir,  and  furnishing  power  to 
several  small  mills;  but  no  particulars  concerning  them  were  gained. 

THE  PAEMINGTON  (a)   EIVEE. 

As  regards  extent  of  area  drained,  the  Farmington  river  stands  fourth  in  order  among  the  tributaries  of  the 
Connecticut  river,  comprising  within  its  basin  584  square  miles.  The  West  branch  heads  in  the  town  of  Becket,  in 
Berkshire  county,  Massachusetts,  and  running  southerly  and  southeasterly  enters  Litchfield  county,  Connecticut; 
it  passes  across  the  northeastern  part  of  this  county,  and  in  the  town  of  New  Hartford  is  joined  by  the  East  branch. 
The  main  stream  thence  pursues  rather  an  unusual  course :  flowing  southeasterly  about  12  miles  by  straight  course, 
it  then  turns  in  the  town  of  Farmington,  through  considerably  more  than  a  right  angle,  and  runs  for  14  miles  almost 
due  north ;  atTariffVille  it  again  turns  as  sharply  as  before,  and,  striking  through  a  picturesque  gorge  in  the  hills, 
takes  a  curving  southeasterly  course  to  the  Connecticut,  into  which  it  empties  about  5  miles  above  Hartford.  Its 
length  from  the  extreme  source  of  the  West  branch  is,  by  river,  75  miles. 

No  data  showing  accurately  the  elevation  at  Ihe  source  of  this  river  could  be  obtained.  At  Becket  station,  a 
neighboring  point  on  the  Westfleld  river,  the  Boston  and  Albany  railroad  is  about  1,200  feet  above  tide,  and  the 
headwaters  of  the  Farmington  probably  have  at  least  that  altitude.  It  is  stated  by  Mr.  Eobert  E.  Smith,  agent  of 
the  Greenwoods  Company,  at  New  Hartford,  that  actual  survey  has  shown  a  fall  of  260  feet  from  Otis  reservoir  to 
the  mouth  of  its  outlet,  and  625  feet  thence  to  the  top  of  the  company's  dam.  The  latter  distance  being  about  21 
miles,  the  fall  given  for  it  corresponds  very  nearly  to  30  feet  per  mile.  The  fall  in  the  river  below  New  Hartford, 
as  shown  by  railroad  elevations,  is  given  in  the  accompanying  table; 

Table  showing  the  fall  in  the  Farmington  river. 


Loc»Uty. 

Elevation 

above 
mean  tide. 

Fall  be- 
tween 
points. 

Distance 
between 
points. 

Fall 
per  mile 
between 
points. 

Remarks. 

Mouth  of  Otis  Kese  rvoir  outlet . 
Top  of  Greenwood  Co.'s  dam .. 

I'eet.      ' 
1,034 

409 

379 

295 

273 

181 

3 

Feet. 
I      625 

\        "> 

84 

22 

92 

178 

Miles. 
21 

13 

29 

Feet. 
29.76 

17.54 

6.14 

Approximate. 

Elevation  obtained  by  adding  SO  feet  to  that 

at  Pine  Meadow. 
At  crossing  above  dam. 

At  crossing  above  village. 

At  crossing  below  village. 

At  crossing  north  of  station. 

Estimated  elevation  at  extreme  low  water 

Collinsville  (a) 

Do  (a) 

Farmincton  (a) 

Mouth  of  river 

above  mean  level  of  Long  Island  sound. 

a  Elevation  of  water-surface  referred  to  mean  sea-level.    From  profile  of  New  Haven  and  Northampton  railroad. 
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a  Indian  name,  "Tunxis." 
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The  flow  of  the  stream  was  measured  at  Uuionville,  July  31,  1877,  by  General  T.  G.  Ellia,  in  connection  with  a 
plan  for  supplying  the  city  of  Hartford  with  water  from  the  rixcr,  and  was  found  to  average  about  190  cubic  feet  per 
second  for.  the  twenty-four  hours. («)  In  his  report  upon  the  Connecticut  river  between  Hartford  and  Holyoke,(&) 
General  Ellis  gave  the  least  discharge  of  the  Farmington  atits  mouth  as  450  cubic  feet  per  second  j  mean  discbarge, 
Mi  cubic  feet  per  second ;  greatest  discharge,  24,375  cubic  feet  per  second.  In  their  work  upon  the  Construction 
of  Mill  Bams,  Messrs.  James  Leffel  &  Co.  state  the  average  discharge  for  the  twenty-four  hours,  at  ISTew  Hartford, 
in  time  of  ordinary  drought,  at  168  cubic  feet  per  second.     These  various  results  may  be  thus  presented : 


Data  concerning  the  flow  of  the  Farmington  river. 


Locality. 

Stage  of  river. 

Drainage 
area. 

Flow  per 
second, 
average 

for  the  24 
hours. 

Flow  per 
second  per 
square  mile. 

Eemarks. 

New  Hartford 

Ordinary  drought 

Sq.  miles. 
225 
357 

^          584. 

Oubicfeet. 
1C8 
190 
450 
944 
24,  375 

Oubicfeet. 
0.76 
0.63 
0.77 
1.63 
41.74 

Flew  as  given  by  Jas.  Leffel  &  Co. 
Measurement  of  July  31, 1877. 

1  Discharge  as  given  by  General 
1     T.  G.  Ellis. 

Least  diacbarge 

Mean  discharge 

Greatest  discharge 

Do  

Do 

The  surface  of  the  main  portion  of  the  Farmington  Eiver  basin  is  hilly,  with  the  ridges  generally  wooded  and 
the  valleys  more  or  less  cleared  for  farming  purposes.  As  shown  in  the  foregoing  table,  the  flow  of  the  stream  is 
well  maintained  in  the  dry  season,  comparing  favorably  with  the  best  New  England  streams.  This  character  is  due 
in  part  to  natural  conditions,  the  wooded  character  of  the  surface  and  the  abundant  springs,  and  largely  also  to 
one  or  two  important  storage  reservoirs.  The  principal  of  these  is  known  as  the  Otis  reservoir,  lying  in  the 
Massachusetts  town  of  that  name,  and  flows  a  surface  estimated  at  from  1,000  to  1,300  acres.  It  is  a  valuable 
reservoir,  and  is  indeed  regarded  as  the  chief  source  of  supply  for  the  river  in  the  dry  season.  It  is  owned  by 
the  Farmington  Eiver  Water  Power  Company,  a  stock  association,  in  which  the  Collins  and  Greenwoods  companies 
own  more  than  three-quarters,  and  which  they  therefore  practically  control,  although  some  other  mill-owners  farther 
down  stream  are  also  stockholders.  For  economical  use  by  these  large  owners  this  reservoir  has  the  disadvantage 
of  being  more  than  20  miles  away  from  the  nearer  of  them,  though  it  is  for  the  same  reason  of  advantage  to  all 
the  intervening  portion  of  the  river.  Otis  reservoir  has  a  drainage  area  of  11  square  miles ;  it  usually  fills  in 
spring,  and  is  drawn  upon  to  the  extent  of  about  24  feet  from  full-water  line,  the  draught  commonly  being  made 
from  May  to  J^ovember. 

Long  lake,  at  Winsted,  is  roughly  estimated  to  cover  800  or  1,000  acres,  although  on  Clark  &  Tackabury's 
map  of  the  state  of  Connecticut  it  measures  only  570  acres.  It  is  drawn  upon  continuously  through  the  year,  and 
furnishes  power  to  numerous  establishments  at  Winsted;  its  waters  reach  the  Farmington  about  7  miles  above  New 
Hartford.  At  the  latter  point,  the  Greenwoods  Company's  dam  forms  a  pond  of  large  size,  the  area  of  which  could 
not  be  ascertained.  Shepherd's,  pond,  lying  3  miles  west  of  New  Hartford  village,  is  owned  by  the  Greenwoods 
Company  and  used  for  storage  purposes ;  it  measures  170  acres  on  the  state  map,  though  its  flowage  is  probably 
much  greater  than  that,  and  can  be  drawn  down  8  feet.  There  are  a  number  of  other  ponds  in  the  upper 
Farmington  basin,  of  moderate  size,  which  may  serve  to  some  extent  for  storage,  but  no  special  data  regarding  them 
were  to  be  found,  and  even  their  areas  as  stated  below  cannot  be  relied  upon  as  accurate : 

Vrincipal  ponds  and  reservoirs  in  the  Farmington  River  basin. 


Name  of  pond. 


Locality — town  and  state. 


Area. 


Keraarks. 


Tributary  above  New  Mar^ford. 
Otis  reservoir 


Lower  Spectacle  pond 


Shaw  pond  -  - 
Cotton  pond  . 
Long  lake  . .  - 


Burrvillepond..- 
Shepherd'spond. 


Acres. 

Otis,  (a)  Massachusetts 

1,000-1,300 
113 

Sandisfleld,  Massachusetts 

Becket,  Massachusetts 

100 

Tolland,  Massachusetts 

580 

570 

90 

New  Hartford,  Connecticut 

170 

Owned  by  Farmington  River  Water  Power  Company. 
23-24  feet. 


Is  drawn  upon 


Area  as  given  by  H.  F.  Walling ;  see  Appendix  B,  Beport  of  the  Mas- 
sachusetts State  Board  of  Health,  ^  878. 

Area  as  given  by  H.  F.  Walling. 

Do. 
Area  measures  570  acres  on  state  map,  but  is  estimated  by  manufact- 
urers at  from  800  to  1,000  acres.    Drawn  upon  continuously. 

Area  by  state  map.    Power  used  at  outlet. 

Area  by  state  map.    Pond  is  owned  by  Greenwoods  Company  and 
used  for  storage.    Can  be  drawn  down  8  feet. 

a  Walling  gives  among  the  ponds  in  Otis ;  Great  pond,  335  acres,  and  Eand  pond,  235  acres.    It  is  uncertain  to  what  extent,  if  any,  these  are  inolnded  in  th» 
reservoir  here  mentioned. 


a  Based  on  two  measurements,  one  at  7  a.  m.  and  one  at  11  a.  m.     See  JJepori  on  Supply  of  Water  from  Farmington  Jtiver. 
h  Report  of  ike  CUef  of  Engineers,  U.  S.  army,  1878,  Appendix  B  14. 
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WATER-POWER  OF  THE  UNITED  STATES: 
Principal  ponds  and,  reservoirs  in  the  Farmington  River  basin — Continued. 


Name  of  pond. 

Locality— town  and  state. 

Area. 

Eemarks. 

Tributary  above  New  Harford— Continued. 

Acres. 
190 

Area  by  state  map.    Pond  is  there  represented  as  withont  any  out- 
let.   Other  unthovity  giTes  the  area  at  175  acres,  and  says  a  small 
dam  raises  the  outlet  abont  Ifeet. 

Estimated  to  contain  several  hundred  acres. 

Hast  iranch  of  Farmington  river. 

276 

Area  as  given  by  H.  F.  Walling. 
Ifot  important. 

Pequabuck  river. 
South  Mountain  reservoir  -,, 

There  seems  to  be  some  difference  of  opinion  among  prominent  manufacturers  as  to  whether  or  not  the  storage 
capacity  of  the  stream  can  be  farther  greatly  increased.  It  is  definitely  stated  that,  if  sufBcient  money  can  be 
obtained,  a  new  reservoir  will  be  built  above  the  present  one  in  Otis,  and  on  the  same  stream,  to  flow  738  acres  6 
feet  deep.  Such  a  reservoir,  if  it  could  be  relied  upon  to  fill  regularly,  would  certainly  be  of  assistance  to  the 
stream ;  but  it  is  claimed  that,  generally  speaking,  the  opportunities  for  new  reservoirs  of  much  size  are  very 
limited,  on  account  of  insufSciently-large  water-sheds. 

The  banks  of  the  river  are  usually  firm  and  of  good  height,  while  the  bed  consists  of  ledge  rock  or  gravel.  An 
exception  to  these  conditions  is  the  portion  of  the  stream  between  Farmington  and  TariffvUle,  where  its  course  lies 
through  alluvial  meadows.  The  width  between  banks  ranges  from  perhaps  100  feet  at  Unionville  to  250  or  300 
feet  near  the  mouth.  The  volume  usually  runs  lowest  in  September,  when  the  reservoirs  have  been  drawn  down, 
and  highest  during  the  spring  freshets  which  visit  the  river  in  March  or  April.  The  ordinary  spring-freshet  depth 
on  the  dams  at  Collinsville  and  Poquonock,  with  roll-ways  325  and  243  feet  long,  respectively,  is  stated  to  be  3 
or  4  feet.  Below  Farmington  the  slight  slope  of  the  stream  causes  it  to  spread  out  over  the  meadows  during 
freshets,  and  produces  an  ordinary  rise  of  9  feet,  and  an  extreme  rise  of  14  feet,  below  the  site  of  the  dam  at  that 
village.  In  the  upper  course  of  the  stream,  above  New  Hartford,  the  fall  is  rapid,  the  drainage  slopes  are  steep 
and  rocky,  and  freshets  seem  to  be  rather  more  sudden  and  violent  than  toward  the  mouth. 

In  the  great  storm  of  October  3  and  4,  1869,  the  water  poured  over  the  Collinsville  dam  10  feet  deep.  This 
storm  was  a  most  remarkable  one,  and  caused  widespread  damage  in  New  England.  It  appeared  to  be  central 
2  or  3  miles  east  of  New  Hartford,  where  a  downfall  of  12.35  inches  was  recorded ;  the  amount  was  above  8 
inches  over  the  entire  Farmington  Eiver  basin,  ranging  thence  up  to  the  maximum  above  mentioned.  Valuable 
data  regarding  the  distribution  of  rainfall  in  that  storm  have  been  prepared  by  Mr.  James  B.  Francis,  and 
presented  in  a  paper  read  before  the  American  Society  of  Civil  Engineers.(a)  Judging  from  the  Smithsonian 
records,  the  average  rainfall  over  the  area  drained  by  the  Farmington  river  is  about  11  inches  in  spring,  12 J  in 
summer,  12J  in  autumn,  lOJ  in  winter,  and  46J  for  the  year,  increasing  from  the  lower  course  toward  the  upper 
waters. 

Privileges  on  the  upper  portion  of  the  river  experience  some  trouble  from  running  ice,  which  gorges  occasionally, 
but  more  from  anchor-ice,  which  clogs  the  wheels  and  racks.  At  New  Hartford  the  fine  pond  of  the  Greenwoods 
Company  holds  back  ice  until  it  has  well  rotted.  Toward  the  mouth  the  usual  run  of  ice  is  reported  to  be  heavy; 
the  depth  of  water  on  the  dams  is  insufficient  to  carry  it  clear  of  them,  and  at  Poquonock,  at  least,  the  works 
require  more  or  less  repairing  in  consequence  every  year. 

Ascending  the  river,  the  principal  manufacturing  points  are  Poquonock,  Eainbow,  Tariffville,  Unionville, 
Collinsville,  and  New  Hartford.  The  manufactures  are  rather  more  diversified  than  ordinarily  upon  such  a  stream, 
comprising  paper,  hardware,  cotton  duck,  worsted,  and  silks.  Except  above  New  Hartford  and  below  Tariffville, 
the  stream  is  conveniently  accessible  by  railroad.-  From  Collinsville  to  New  Hartford  two  lines  follow  its  banks, 
the  Hartford  and  Connecticut  Western,  and  the  New  Hartford  branch  of  the  New  Haven  and  Northampton  road. 
From  Eainbow,  and  it  is  said  also  from  Poquonock,  merchandise  is  shipped  to  and  from  Hartford  by  team,  a  distance 
in  the  neighborhood  of  10  miles. 

Although  there  is  much  power  already  in  use  on  the  Farmington  river,  there  are  several  valuable  privileges 
still  remaining  undeveloped,  as  will  be  seen  in  the  following  more  detailed  account  of  the  stream: 

Water ■2J0wers. — The  first  dam  met  in  ascending  the  river  is  about  6  miles  above  the  mouth,  at  Poquonock. 
Eapids  extend  a  considerable  distance  below,  with  moderate  fall,  but  this  is  not  sufficient  to  constitute  a  privilege 
of  any  value.  In  high  water  the  Connecticut  river  sets  back  over  these  rapids,  overflows  the  banks  in  places,  and 
in  extreme  cases  even  submerges  the  Tunxis  dam,  just  mentioned.  Below  the  rapids  there  is  smooth  water  to  the 
mouth,  and  a  small  boat,  the  "  0.  H.  Dexter",  even  ascends  the  stream  a  little  way  and  lands  freight  for  the  farmers. 
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The  lower  privilege  at  Poquouock  is  owned  by  tlie  Tunxis  Worsted  Company,  manufacturers  of  worsted  yarns. 
The  dam  is  a  log  structure  4  or  5  feet  high,  built  in  1870  at  a  cost  of  $2,000.  It  is  204  feet  long,  and  gives  a  head 
at  the  mill  of  7^  feet;  96  horse-power  is  used  there,  with  surplus  water  always,  night  and  day.  The  only  especial 
hinderance  is  from  backwater,  which  forces  an  occasional  stoppage  of  work. 

The  next  dam  is  in  the  same  village,  only  a  little  way  above  the  one  just  mentioned,  and  is  owned  equally  by 
the  Tunxis  Worsted  Company,  which  has  a  mill  on  the  north  bank,  and  the  Hartford  Paper  Company,  which  uses 
power  ou  the  opposite  side  of  the  stream.  The  dam  is  framed,  partly  filled  in  with  rock,  and  has  stone  abutments; 
it  was  built  in  1844,  is  243  feet  long  by  an  average  of  between  0  and  10  feet  in  height,  and  its  cost  is  placed  at 
.$25,000.  There  is  used  altogether,  on  both  sides  of  the  river,  about  400  horse-power,  under  a  head  of  9  or  10  feet. 
For  eight  months  in  the  year  there  is  usually  enough  water  for  both  establishments  to  run  at  full  capacity,  but  for 
the  remainder  of  the  time  they  are  troubled  more  or  less  by  low  water,  and  the  Tunxis  company  is  about  to  introduce 
steam  for  auxiliary  power.  It  has  more  diflSculty  than  the  mill  across  the  river,  as  a  favorable  current  sets  strongly 
toward  the  latter  and  carries  to  it  more  water,  in  a  low  stage  at  least,  than  the  north  side  receives.  The  river- 
banks  are  of  good  height  at  Poquonock;  the  bed  is  entirely  composed  of  red-sandstone  ledges  much  worn  and 
broken. 

Succeeding  the  privilege  just  described  is  the  one  at  Rainbow,  a  mile  and  a  half  by  river  above,  occupied  by 
three  manufacturing  concerns— the  Hartford  Paper  Company,  the  Springfield  Paper  Company,  and  W.  C.  Hodge. 
The  river-bed  is  here  of  the  same  character  as  at  Poquonock,  and  ledge  rock  also  crops  out  in  the  right  bank. 
The  dam  is  a  crib-work  of  squared  timbers,  the  back  having  a  long  slope,  while  the  face  slants  more  steeply  a  short 
distance  from  the  crest,  and  then  drops  off  vertically.  It  is  supplemented  l>y  an  embankment  in  which  is  a  bulk- 
head of  sandstone  masonry.  The  length  of  the  dam  is  308  feet  and  its  height  10  or  10|^  feet;  it  was  built  in  1857, 
and  its  cost  is  stated  at  $51,000.  The  canal  has  a  total  length  from  head-gates  of  perhaps  1,500  feet  or  more;  it  at 
first  enlarges  into  a  small  pond,  with  a  waste- way  at  the  lower  end,  and  then  passes  on  to  the  mills.  As  usual  with 
paper-mills,  these  run  twenty-four  hours  in  the  day,  and  they  all  rely  entirely  upon  water  for  ])ower.  The  fall 
obtained  ranges  from  10  to  13  feet,  according  to  position  on  the  race,  and  the  wheels  in  use  have  a  total  rated  capacity 
of  about  350  horsepower.  In  the  dry  season  the  supply  of  water  is  apt  to  be  low  on  Mondays  and  Tuesdays,  from 
its  being  held  back  over  Sunday  in  the  ponds  on  the  upper  river,  but  for  nine  months  in  the  average  of  years  there 
is  a  large  waste  over  the  dam.     The  canal  gives  trouble  in  severe  winter  weather  by  becoming  clogged  with  ice. 

Between  Eainbow  backwater  and  the  foot  of  the  Spoon  ville  dam,  the  next  one  above,  there  is  claimed,  on 
good  authority,  to  be  a  fall  of  about  30  feet.  Of  this,  '24  feet  4  inches  was  actually  surveyed,  and  the  balance 
arrived  at  by  a  careful  estimate.  It  is  considered  that  the  lower  4  feet  could  best  be  utilized  by  raising  the  Eainbow 
dam  and  incorporating  it  in  that  privilege.  The  succeeding  20  feet  constitutes  an  unimproved  privilege  owned  by 
Mr.  E.  D.  Case,  of  Eainbow.  Ascending  above  slack-water  caused  by  the  Rainbow  dam,  rapids  are  encountered 
which  extend  steadily  for  some  distance  up  stream.  The  right,  or  south,  bank  is  gravelly,  steep,  and  high,  rising 
abruptly  from  the  water.  The  north  bank  is  also  steep  at  first,  but  soon  the  elevated  ground  recedes,  and  there  is 
a  gentle,  steady  rise  from  the  river,  presenting  an  extremely  favorable  site  for  building.  Passing  a  little  farther 
up  stream,  the  south  bank  remains  steep  and  high,  while  the  north  bank  grows  sandy.  The  river,  which  below 
shows  gravel  shoals,  now  exhibits  several  ledges  of  red  sandstone  extending  regularly  across  its  course  and  forming 
slight  falls.  Ledges  also  appear  here  in  the  south  bank.  The  rapids  extend  some  little  way  above,  and  are  then 
succeeded  by  smooth  water.  A  dam  could  be  built  under  favorable  conditions  either  on  the  rock  ledges  near  the 
head  of  the  rapids,  or  farther  down  stream  ;  if  the  former  site  be  chosen,  a  natural  depression  offers  a  convenient 
course  for  a  canal.  In  any  case,  the  north  side  is  the  one  which  would  be  chosen  for  building  upon;  two  or  three 
clear  and  permanent  little  streams  run  down  the  hill  on  that  side,  and  are  an  advantage  worth  mentioning  if  the 
power  were  to  be  used  for  paper-manufacturing.  It  is  considered  by  those  interested  that  the  privilege  would  best 
be  developed  by  building  a  dam  9  or  10  feet  high  on  the  ledges  mentioned,  and  extending  a  canal  for  say  1,000 
feet  down  the  north  bank,  thus  increasing  the  fall  to  about  20  feet.  Mr.  Case  wishes  to  dispose  of  the  privilege ;  it 
is  a  good  one  and  ought  to  be  improved.  What  storage  could  be  obtained  above  the  dam  is  uncertain.  During 
the  dry  season  the  same  disadvantage  would  probably  be  experienced  as  at  the  mills  below,  namely,  a  scarcity  of 
water  on  Mondays  as  compared  with  the  rest  of  the  week.  Making  an  exception  of  this  temporary  and  artificial 
reduction  of  power,  the  amount  of  which  has  not  been  ascertained,  the  capacity  of  the  privilege  may  be  estimated 
as  follows : 

Estimated  power  of  Case^s  privilege  at  Rainbow. 


stage  of  river. 

Drainage 

area. 

Flow  per 

second, 

average 

for  the  24 

hours. 

Theoretical    horse- 
power. 

Low  water,  dry  year 

Sq.  mUea. 

Oubiefeet. 
290_ 
340 
440 

1  foot  fall. 
32.94 
38.62 
49.98 

WfeetfaU. 

660 

770 

1,000 

Arailable  10  months,  average  year. . 

343 
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The  privilege  here  described  is  not  especially  convenient  to  the  railroads  at  present,  being  2  or  3  miles  from  the 
Hartford  and  Connecticut  Western  railroad  at  Spoonville,  and  some  4  miles  from  the  nearest  station  on  the  New 
York,  Kew  Haven,  and  Hartford  railroad. 

The  next  power  is  at  Spoonville,  a  small  village,  and  is  used  by  James  Watson  in  the  manufacture  of  horse- 
blankets.  The  mill  is  a  small  wooden  one,  and  stands  at  one  end  of  the  dam,  which  is  a  framed  structure  and  very 
leaky.  The  fall  is  8  feet,  and  only  about  16  horse-power  is  estimated  to  be  used,  although  a  large  amountof  water 
passes  through  the  wheels,  which  are  old  and  wasteful. 

Estimated  poicer  at  Spoonville. 


stage  of  river. 

Drainage 
area. 

Flow  per 
second, 

average 

for  the  24 

hours. 

Theoretical  horse- 
power. 

Effective 
horse- 
power 

utilized. 

Low  water,  dry  year 

Sq.  miles. 
i      555     J 

Cubic  feet. 
290 
340 
430 

1  footfall. 
32.94 
38.62 
48.85 

Sfeetfall. 
260 
310 
390 

}" 

Available  10  months,  average  year  . . 

After  leaving  the  alluvial  meadows  which  border  in  common  the  Connecticut  and  the  Farmington,  near  its 
mouth,  the  country  along  the  latter  stream  rises  somewhat  and  becomes  level  and  sandy.  The  soil  is  largely 
cultivated,  the  better  class  for  tobacco  and  corn,  while  on  the  sandy  plains  corn  is  almost  the  only  production- 
There  is  a  moderate  amount  of  timber,  mainly  pine,  chestnut,  oak,  and  birch.  Passing  to  the  westward  of  this 
tract  the  soil  becomes  a  red  loam  of  good  quality,  well  cultivated  for  tobacco.  Shortly  above  Spoonville  we 
encounter  a  trap  ridge  which  runs  north  and  south  through  the  state.  Through  this  ridge  the  river  has  found  its 
way  in  a  deep  and  narrow  gorge,  the  precipitous  sides  of  which  display  trap,  ironstone,  and  some  red  sandstone, 
none  of  it  of  much  value  for  building-purposes.    The  stream  itself  comes  foaming  down  over  a  rocky  bed. 

Not  far  above  the  blanket-mill  at  Spoonville,  H.  A.  Case  has  for  many  years  had  a  3-run  grist-mill,  where  a 
fall  of  6J  feet  was  in  use.  This  privilege  has  now  been  purchased  and  incorporated  in  a  much  larger  one  b.y  Mr. 
Horace  Smith,  of  Springfield,  Massachusetts.  Mr.  Smith  owns  about  50  acres  of  land  bordering  the  stream  in 
this  vicinity,  and  also  all  the  water  rights  for  flowage  from  a  point  4  feet  below  the  level  of  the  dead  water  in  the 
tail-race  of  the  Hartford  Silk  Company's  mill  down  to  the  level  of  the  water  in  the  pond  of  the  blanket-mill.  The 
fall  thus  practically  available  is  30  feet,  which  is  soon  to  be  developed  and  used,  it  is  said,  in  paper-manufacluring. 
A  masonry  dam  30  feet  high  and  225  feet  long  is  to  be  built,  and  will  give  a  pondage  of  30  acres.  Water  will  be 
taken  directly  from  the  pond  in  trunks,  without  the  use  of  a  canal.  The  privilege  is  lOJ  miles  by  railroad  from 
Hartford,  and  a  spur  from  the  Hartford  and  Connecticut  Western  railroad  will  run  directly  to  the  mill-sites. 

The  next  power  is  a  short  distance  above  the  gorge,  and  succeeds  the  one  just  described.  It  is  occupied  by  the 
Hartford  Silk  Company,  which  manufactures  all  kinds  of  dress  goods,  upholstery  goods,  handkerchiefs,  plushes,  and 
velvets.  The  company  began  running  in  the  spring  of  1882,  and  at  the  time  it  was  visited,  in  the  fall  of  that  year,  was 
employing  about  200  hands.  The  privilege  has  previously  been  occupied  in  turn  by  the  Hartford  Carpet  Company, 
the  Connecticut  Screw  Company,  and  the  Hartford  Cutlery  Company.  The  dam  is  of  crib-work,  filled  in  with  stone, 
and  is  13  feet  high  and  160  feet  long.  About  300  horse-power  of  wheels  are  in  place,  under  a  head  of  13  feet,  but 
probably  not  over  100  horsepower  was  in  actual  use  at  the  time  mentioned.  The  pond  sets  back  a  long  distance 
lip  the  river,  and  thus  gives  a  large  storage,  though  mainly  confined  within  the  natural  banks  of  the  stream. 

From  TariffVille  nearly  to  Unionville,  through  a  distance  of  perhaps  16  or  17  miles,  the  course  of  the  river  is 
bordered  by  meadows,  very  fertile,  well  cultivated,  and  liable  to  overflow  during  spring  freshets.  The  stream  itself  is 
described  as  having  a  fair  current,  though  without  shoals  of  any  importance;  its  direction  is  winding,  its  bed  is  soft, 
and  its  banks  are  caving,  these  being  usually  of  normal  height  on  one  side  with  low  flats  opposite.  As  Unionville 
is  approached  the  meadows  contract,  the  hills  close  in,  shoals  are  encountered  at  intervals,  the  bed  becomes  gravelly, 
and  some  rock  ledges  appear. 

The  only  dam  in  this  stretch  of  river  is  at  the  village  of  Farmington,  the  privilege  being  owned  by  Messrs.  J. 
E.  and  E.  B.  Cowles,  of  that  place.  The  power  is  at  present  rented  for  a  small  2-run  grist-mill,  using  4  or  5  feet 
fall  and  a  single  wheel  of  about  40  horse  power.  The  dam  is  a  log  structure  over  one  hundred  years  old,  filled  in 
with  loose  stone  and  planked  over ;  it  has  settled  somewhat,  and  would  admit  of  being  raised  a  little  above  its 
present  height.  The  principal  trouble  at  this  point  is  from  backwater  during  freshets;  more  or  less  hinderance 
is  thus  experienced  during  four  or  five  weeks  in  the  year,  and  an  occasional  stoppage  of  work  for  a  few  days  is 
rendered  necessary.  During  the  six  years  preceding  1882  the  longest  continuous  peiiod  in  which  a  stoppage  was 
forced  by  freshet  backwater  was  six  days.  Ice  sometimes  gorges  in  the  river  below,  at  a  place  known  as  the 
"Aqueduct",  and  backwater  results  at  Farmington  from  that  cause  also.  This  difftculty  has  arisen  twice  in  perhaps 
ten  years,  and  on  one  of  those  occasions  the  mill  was  stopped  for  two  weeks.  The  owners  of  this  privilege  are 
anxious  to  sell  it.  Aside  from  the  period  of  liigh  water,  the  e£fect  of  which  in  reducing  the  power  may  be  judged 
to  some  extent  from  what  has  already  been  said,  the  available  power  may  be  estimated  as  follows: 
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Estimate  of  power  at  the  Messrs.  Co u:les'  privilege,  Farmington,  Connecticut. 


Stage  of  river. 

Drainage 
urea. 

Flow  por 
Bocond, 
average 

for  the  24 
houra. 

Thoorotical  horse- 
power. 

Effective 

horse-powor 

utilized. 

Sq.mili'fi. 

1                 ( 

Cubic  feet 

1  footfall. 
28.4 
31.8 
37.6 

&  feet  fall. 
140 
100 
100 

I      40 

I       431     J            2fl0 

Available  10  months,  average  year. .. 

I        1 

330 

The  meadow-lands  iu  this  vicinity  are  vahiable  for  corn  and  grass,  and  some  of  them  are  held  at  from  $150  to 
#176  per  acre.  Succeeding  the  alluvial  meadows,  on  the  higher  ground  is  a  strip  of  gravelly  soil  extending  up  and 
down  the  valley,  and  best  suited  to  corn  and  tobacco;  still  higher  up,  on  the  hills,  the  soil  is  a  red  loam. 

The  next  privilege  to  be  noticed  properly  includes  the  one  last  described,  and  is  not  in  use,  although  it  might  be 
considered  partly  developed.  It  is  owned  by  Mr.  Edward  Norton,  of  Farmingtou,  who  would  be  glad  to  see  the 
power  improved,  but  does  not  himself  wish  to  undertake  the  enterprise.  In  oj-der  to  a  clear  understanding,  it  may  be 
stated  that  in  the  neighborhood  of  1840  the  New  Haven  and  Northampton  canal  was  in  operation  for  several  years. 
It  had  but  little  traffic,  never  paid  as  an  investment,  and  was  finally  bought  up  by  the  present  railroad,  known  as 
the  New  Haven  and  Northampton  Company,  and  then  abandoned.  This  canal,  coming  down  from  Northampton, 
Massachusetts,  on  the  west  side  of  the  river,  crossed  over  to  the  east  side  on  an  aqueduct  about  2  miles  below  the 
village  oL  Farmiugton,  and  continued  thence  southerly  toward  New  Haven.  Before  crossing,  the  main  canal 
received  an  important  feeder,  which,  starting  from  the  Parmington  river,  about  a  mile  below  Unionville,  struck 
across  the  bend  which  the  river  here  forms,  until  it  joined  the  principal  canal  near  the  aqueduct.  This  feeder  had 
a  length  of  about  3  miles,  and  at  its  entrance  was  a  dam,  said  to  have  been  18  feet  high,  across  the  river.  The  dam 
was  carried  out  in  the  period  from  1840  to  1850,  and  at  about  the  same  time  the  main  canal  was  abandoned.  There 
was  no  further  use  for  the  feeder,  and  the  land  along  its  course  reverted  to  the  former  owners.  At  present,  Mr. 
Norton  owns  the  land  at  both  extremities  of  the  feeder,  and  much  of  the  way  along  its  line. 

Nothing  now  remains  of  the  old  feeder-dam  except  one  or  two  logs  next  the  east  shore,  and  all  that  shows  of 
the  entrance  gate  to  the  feeder  itself  is  a  little  of  the  stone-work  and  two  wooden  posts.  Midway  between  these  posts 
the  bed  of  the  canal  is  about  4J  feet  above  low-water  surface  in  the  river  immediately  below  the  old  dam.  The 
■canal  seems  to  have  beeu  designed  for  a  water  depth  of  about  4  feet  at  the  center,  and  a  surface  width  of  from  20  to 
25  feet.  It  is  now  overgrown  much  of  the  way  with  saplings  and  brush.  Some  little  way  back  from  the  river,  near 
the  aqueduct,  the  main  canal  received  the  feeder ;  it  then  approached  the  river  on  a  high  embankment,  terminating 
in  an  abutment  of  red-sandstone  masonry.  This  abutment  is  now  in  fair  condition,  though  the  mortar  is  worn 
-from  the  joints.  The  abutment  on  the  east  side  appears  more  dilapidated.  The  piers,  five  in  number,  which 
supported  the  aqueduct,  still  remain,  and  preserve  tolerably  well  their  original  shape. 

In  the  fall  of  1877  Mr.  C.  H.  Bnnce,  city  surveyor  of  Hartford,  ran  a  line  of  levels  from  opposite  the  entrance 
of  the  feeder  to  the  aqueduct,  to  determine  the  intervening  fall  in  the  river,  which  he  found  to  be  29J  feet.(a)  The 
fall  at  the  aqueduct,  from  the  bed  of  the  main  canal  to  the  river,  is  34  or  35  feet,  and  it  is  this  amount  which  Mr. 
Norton  considers  practically  available  for  power. 

Estimate  of  power  at  '■'■Aqued^icV  privilege,  Farmington,  Connecticut. 


stage  of  river. 


Xow  water,  dry  year 

low  water,  average-year 

Available  10  months,  average  year 


KAINFALL  ON  BA6IX. 


Spring.    Summer.  Autumn.    Winter.        Year. 


Inches. 
9 


Inches. 
14 


Inches. 
14 


Inches. 


Inches. 


Drainage 
area. 


Flow  per 
second, 
average 

for  the  24 
hours. 


Sq.  Miles. 


360  ± 


Cubic  feet. 
210 
240 
280 


Theoretical  horae-power. 


1  foot  fall. 
23.86 
27.26 
31.81 


'\S  feet  fall. 
430 
490 
570 


Sifeetfall. 
810 
930 
1,080 


The  plan  of  development  which  is  considered  to  be  best  suited  to  this  power  is  to  build  a  new  dam  1,400  or 
1,500  feet  above  the  old  one.  It  would  have  to  be  a  very  low  affair,  not  over  a  couple  of  feet  high,  on  account  of 
■danger  of  causing  backwater  on  the  Unionville  privilege  above.  It  would  be  inexpensive  of  construction  and 
would  rest  upon  a  rock  bed.  On  account  of  this  danger  of  causing  backwater  at  Unionville,  I  understand  that  it 
would  not  be  practicable  to  raise  the  river  sufficiently  to  utilize  the  feeder-canal  in  its  present  condition ;  or  that,  at 
least,  any  such  attempt  would  be  resisted  by  theX-nion  Water  Power  Company.  From  the  proposed  site  of  the  dam 
a  canal  would  run  down  the  east  bank  of  the  river  to  the  entrance  of  the  old  canal.  The  starting-point  of  the  latter 
was  formerly  located  as  has  been  described  in  order  to  avoid  a  rock-cutting  which  the  new  route  would  pass  through, 
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but  which  it  is  thought  would  be  more  economical  than  a  high  dam  at  the  site  of  the  old  feeder-dam.  The  whole 
length  of  new  canal,  1,468  feet,  would  be  a  cut  through  red  sandstone,  which  is  stated  to  have  been  examined  and 
found  to  be  in  part  suitable  for  building-purposes.  After  striking  the  old  feeder  the  course  of  that  canal  would  be 
followed  thence  3  miles  to  the  vicinity  of  the  aqueduct,  although  it  would  have  to  be  deepened  4  or  5  feet  and 
correspondingly  broadened. 

It  is  claimed  that,  if  desirable,  18  feet  of  the  fall  on  this  privilege  can  be  used  within  a  mile  of  the  head  6f  the 
canal.  The  present  line  of  the  feeder  is  there  from  100  to  120  rods  from  the  river,  but  the  ground  is  quite  level  and 
by  a  side-cut  water  can  be  conveyed  to  within  30  or  40  rods  of  the  stream.  The  power  can  also  be  used,  either 
entirely  or  in  part,  in  the  vicinity  of  the  aqueduct.  Above  that  point  the  west  bank  is  comparatively  level,  and 
subject  to  overflow  during  high  freshets.  Below  the  aqueduct  the  immediate  bank  is  10  or  15  feet  high  and  sandy.. 
Farther  back  it  rises  and  is  above  overflow.  Here  it  is  thought  the  power  could  be  conveniently  utilized,  probably 
to  the  best  advantage  in  two  levels.  There  is  ample  room  for  mills  a;nd  a  village,  and  a  mile  or  two  of  spur-track 
would  connect  with  the  New  Haven  and  Northampton  railroad. 

An  important  power  might  evidently  be  obtained  at  the  aqueduct,  but  a  great  disadvantage  toward  development 
is  the  length  of  canal  necessary,  the  construction  of  which  would  probably  involve  a  heavy  expense.  Backwater 
would  be  experienced  in  freshets,  as -at  the  Farmington  mill,  and  the  privilege  occupied  by  the  latter,  which  is 
intermediate  between  the  head  and  foot  of  the  old  canal-fe(?der,  would  have  to  be  purchased. 

The  power  at  Unionville,  which  is  next  to  be  noticed,  was  developed  about  1830  by  Messrs.  Cowles,  Morton, 
&  Bidwell,  and  later  came  under  the  sole  control  of  Mr.  Oowles.  Water  was  originally  leased  according  to  the  flow 
through  an  opening  1  foot  square,  under  a  certain  head.  The  question  of  measuring  the  water  having  arisen,  the 
manufacturers  claimed  that  measurement  should  be  made  through  an  aperture  with  rounded  edges,  to  admit  as  large 
a  discharge  as  possible,  while  the  lessor  insisted  that  the  edges  must  be  square,  and  extended  law- suits  arose  in 
consequence.  About  the  year  1878  the  manufacturers  here  combined  to  form  a  stock  company,  which  took  a  long 
lease  of  the  entire  property,  with  the  right  to  purchase  after  due  notice,  which  has  since  been  given.  They  obtain 
the  whole  property,  including  two  factory  buildings,  for  $50,000.  The  title  of  the  new  proprietors  is  the  Union  Water 
Power  Company;  they  own  a  total  fall  of  36  feet,  which  is  used  from  two  levels,  with  18  feet  fall  from  each.  The 
comj)any  sells  the  land  to  manufacturers  and  gives  a  perpetual  lease  of  power.  The  established  rental  for  the  latter 
is  $175  per  mill-power,  a  mill-power  being  assumed  at  7^  cabic  feet  of  water  per  second  under  18  feet  head.(«)  In 
practice,  the  wheel  ratings  are  employed  to  determine  the  amount  of  water  used.  In  the  fall  of  1883  about  1,000 
effective  horse-power  had  been  leased,  and  it  was  stated  that  within  a  few  months  the  full  amount  would  be  in  actual 
use.  So  far  as  regards  its  capacity  to  supply  permanent  power,  this  privilege  is  considered  to  be  fully  developed, 
and  the  company  can  not  therefore  insure  constant  power  to  new  concerns.  In  priority  of  rights  during  low  water 
the  various  lessees  are  claimed  to  rank  according  to  date  of  lease.  Four  of  the  largest  concerns  employ  steam 
for  auxiliary  power,  during  low  water  at  least.  The  paper-mills  run  twenty-four  hours  in  the  day,  and  the  other 
establishments  ten  or  twelve  hours. 

The  river-bed  at  Unionville  is  composed  of  gravel,  bowlders,  and  frequent  rock  ledges,  inclined  at  a  large 
angle.  The  dam  rests  ujion  a  gravel  foundation,  and  is  a  log  crib-work  filled  in  with  loose  stone.  The  logs  are  from 
10  to  12  inches  in  diameter,  with  transverse  binders  once  in  5  or  6  feet.  The  dam  rises  10  feet  above  the  river- 
bed, is  4  feet  wide  on  top^  and  has  a  back  slope  of  1  in  3.  From  the  crest  the  face  pitches  down  stream  for  12  feet, 
with  aboiit  the  same  slope  as  the  back,  and  is  succeeded  by  a  horizontal  apron  12J  feet  wide;  at  the  end  of  the 
apron  there  is  a  drop  vertically  of  5  feet  to  the  river-bed.  The  apron  is  a  continuation  of  the  crib-work  of  the 
dam,  and  is  covered  with  two  layers  of  heavy  planking,  the  lower  6  and  the  upper  4  inches  in  thickness.  At  the 
foot  of  the  dam  a  row  of  round  piles  was  driven  into  the  river-bed.  The  abutments  and  bulkhead  are  of  granite 
rubble  masonry,  rising  about  12  feet  above  the  crest  of  the  dam.  Below  the  dam  the  east  bank  is  protected  by  a 
shore-wall,  and  the  west  bank  by  timber  and  stone  crib-work.  The  bulkhead  has  seven  rectangular  gate-openings, 
through  which  water  is  admitted  to  the  canal.  The  main  canal  follows  down  the  east  bank,  running  much  of  the 
way  along  a  side-hill ;  it  is  about  a  mile  and  a  half  long,  and,  though  varying  in  width,  averages  perhai)s  25  feet^ 
with  a  water  depth  of  5  or  6  feet.  At  its  extremity  surplus  water  passes  down  into  the  second  or  lower  level  and 
is  discharged  thence  into  the  river.  The  lower  level  canal  is  about  1,000  feet  long,  with  a  width  of  20  feet  and  a 
water  depth  of  4  or  5  feet.  The  concerns  using  power  are  as  follows : 
From  the  upper  level — 

1.  The  Ripley  Manufacturing  Company;  has  now  a  turning  shop,  and  will  soon  engage  in  the  manufacture  of 

paper. 

2.  The  Meach  &  Hart  Manufacturing  Company,  cutlery;  sublets  some  power  to  the  Standard  Rule  Company. 

3.  The  Platner  &  Porter  Manufacturing  Company,  two  paper-mills. 

From  the  lower  level — 

1.  The  Delaney  &  Munson  Manufacturing  Company,  paper. 

2.  The  Union  Nut  Company,  bolts  and  nuts. 

3.  The  Oowles  Paper  Company. 

These  concerns  employ  in  all  about  450  hands,  mostly  men. 

a  Accordingly  as  the  wbeel  efficiency  ranges  from  60  to  80  per  cent,  will  tlie  value  of  a  mill-power  range  from  about  9i  to  12i 
effective  horse-power. 
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It  requires  three  hours  for  the  water  used  at  Oolllnsville  to  reach  Unionville.  The  amount  stored  above  the 
dam  at  the  latter  point  will  run  the  mills  only  about  six  hours.  For  three  or  four  days  every  year,  while  the  Collins 
Company  shuts  down  for  inventory,  which  time  the  Greenwoods  Company  generally  improves  for  repairs  and  other 
work,  the  water  is  held  back  above,  and  the  mills  at  Unionville  are  also  obliged  to  shut  down. 

In  winter  anchor-ice  clogs  the  head-gates  at  the  entrance  of  the  main  canal,  and  the  level  being  drawn  down, 
the  surface-ice  in  it  sinks,  freezes  to  the  bottom,  and  hinders  the  passage  of  water.  The  trouble  is  a  serious  one, 
lasting  sometimes  for  two  or  three  weeks,  until  there  is  a  sufficient  change  in  the  weather  to  loosen  or  melt  the  ice, 
but  might  be  avoided  by  temporarily  shutting  down  the  mills  when  the  head-gates  become  clogged. 

Estimate  of  power  at  Unionville. 


RAINFALL  ON  BASIN. 

Drainage 
area. 

Flow  per 

second, 

average 

for  the  24 

honrs. 

Theoretical  horse-power. 

Effective 
horse- 

Spring. 

Summer.  Autumn. 

Winter. 

Year. 

power 
utilized. 

Low  water,  dry  year 

Inches. 

Inchee. 
14 

Inches. 
14 

Inches. 

a 

Inches. 
46 

Sg.  miles. 
357      1 

OuUcfeeU 
210 
240 

280 

1  fool  f da. 
23.86 
27.26 
8L81 

18/«««  fall. 
430 
490 
670 

Z6  feet  fall. 
860 
980 
1,140 

1 

Low  water,  average  year 

I  a  750-1 ,000 

Available  10  months,  average  year 

a  750  horse-power  of  wheels  in  1880  by  census  enumerators'  retnms  j  about  1,000  horse-power  said  to  be  leased  in  1882. 

Intermediate  between  the  Union  Water  Power  Company's  dam  and  the  foot  of  its  privilege  is  a  low  dam, 
similar  in  construction  to  the  one  already  described.  It  diverts  water  into  a  race  on  the  west  side  of  the  river, 
supplying  George  Eichards  &  Co.'s  3-run  grist-  and  saw-mill.  This  firm  has  9J  feet  head  and  uses  about  50  horse- 
power. Eeliance  is  placed  entirely  upon  surplus  water  from  the  upper  dam,  and  for  about  nine  months  in  an 
average  year  the  mill  can  be  run  at  full  capacity. 

Above  Union viUe  backwater  the  river  is  a  succession  of  shoals  and  pools.  The  bed  is  covered  with  gravel,  and  in 
some  places  with  bowlders.  The  New  Hartford  branch  of  the  New  Haven  and  Northampton  railroad  follows  the 
west  bank,  usually  at  an  elevation  of  15  or  20  feet  above  the  water-surface.  It  was  stated  that  the  railroad  company 
had  expressed  its  willingness  to  raise  the  track  if  it  should  prove  necessary  in  the  development  of  the  water-power. 
The  west  bank  is  nearly  all  the  way  steep  and  high,  and  does  not  present  good  opportunity  for  building.  The  east 
bank  shows  rock  ledges  in  places,  and  is  also  much  of  the  way  quite  abrupt,  rising  to  hills ;  but  in  two  localities  there 
is  ample  building-room.  One  of  these  is  shortly  above  the  Unionville  pond.  The  other  is  near  a  stone-quarry,  not 
over  a  mile  below  CoUinsville.  At  the  latter  point  the  river  makes  a  bold  curve,  and  incloses  a  large  piece  of 
gently-sloping  ground,  finely  suited  to  building.  This  privilege  is  owned  by  the  Collins  Company,  which  roughly 
estimates  the  available  fall  at  10  or  12  feet.  No  data  showing  the  exact  fall  between  the  present  CoUinsville  and 
Unionville  developed  powers  have  been  obtained,  but,  judging  from  the  elevations  previously  given  for  the  New 
Haven  and  Northampton  railroad,  it  is  probably  not  less  than  35  feet. 

Estimate  of  undeveloped  poicer  on  the  Farmington  river,  between  Unionville  and  CoUinsville  (assuming  a  fall  of  35  feet).. 


stage  of  river. 

Drainage 
area. 

Flow  per 

second, 

average 

for  the  24 

hours,  (a) 

Theoretical    horse- 
power. 

Squaremiles. 
•!i334-c357j 

Cubic  feet. 
200 
230 
270 

l/oo(/aB. 
22.72 
26.13 
30.67 

i5  feet  fan. 
800 
910 
1,070 

Available  10  months,  average  year. . . 

a  Above  Unionville  the  mills  run  only  ten  or  twelve  hours  per  day,  and  the  stream  is  so  controlled  that  its  flow  is  concentrated  witliin  that  time;  consequently 
during  low  stages  double  the  flow  and  power  here  given  could  be  realized  for  the  ordinary  working  hours. 

6  At  CoUinsville.  e  At  UnionviUe. 

The  power  at  CoUinsville  is  owned  by  the  Collins  Company,  manufacturers  of  edge-tools,  axes,  plows,  and 
other  iron  and  steel  goods.  The  works  were  established  about  1826,  and  now  give  employment  to  600  men.  The 
various  shops  and  other  buildings  extend  1,800  fefet  down  the  east  bank,  and  an  average  of  400  feet  back  from  the 
stream.  The  dam  rests  upon  huge  outcropping  ledges  of  granitic  rock,  and  is  built  of  cut-granite  blocks,  rock- 
faced;  the  roll- way  is  325  feet  long,  aud  from  the  bulkhead  a  canal  leads  1,500  feet  down  the  bank  to  the  different 
shops.  The  pondage  above  the  dam  is  sufficient  to  run  the  works  for  about  four  hours.  It  requires  six  hours 
for  the  large  volume  of  water  in  use  at  New  Hartford  to  reach  this  point,  bat  an  arrangement  exists  with  the 
Greenwoods  Company  by  which  the  water  is  sent  down  in  time  to  meet  the  Collins  Company's  needs.  The  maximum 
power  in  use  is  1,150  horse-power.  The  privilege  has  a  fall  of  20  feet,  and  is  commonly  rated  by  the  owners  at 
1  000  horse-power  for  the  working-hours  of  the  day,  but  for  two  or  three  weeks  in  a  dry  season  there  is  a  scant 
supply  of  water,  and  it  is  estimated  that  the  power  probably  sinks  as  low  as  800  or  850  effective  horse-power. 
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Between  Collinsville  and  New  Hartford  the  hills  now  and  then  close  in  upon  the  river,  while  at  intermediate 
points  the  valley  is  comparatively  open,  with  a  gradual  rise  to  high  wooded  ridges.  The  stream-bed  is  gravelly, 
with  frequent  shoals.  The  profile  of  the  New  Haven  and  Northampton  railroad  shows  a  descent  of  84  feet  from 
the  water  surface  above  the  Pine  Meadow  dam  to  that  above  the  Collinsville  dam.  Of  this,  17  feet  is  in  use  at 
Pine  Meadow,  leaving  67  feet  unimproved.  This  fall  is  largely  owned  by  various  farmers  whose  land  is  adjacent 
to  the  stream!  and,  so  far  as  could  be  learned,  there  are  only  two  or  three  points  at  which  the  ownership  is  in  such 
condition  that  a  distinct  water-privilege  is  claimed. 

A  short  distance  above  Collinsville,  Mr.  Julius  Case,  residing  near  by,  claims  an  available  fall  of  12  feet,  to  be 
obtained  by  a  dam  6  feet  high  and  a  canal  50  rods  long. 

At  a  point  nearly  4  miles  above  Collinsville,  known  as  "  SStan's  Kingdom",  Mr.  D.  B.  Smith,  of  Pine  Meadow, 
owns  a  privilege  extending  from  the  foot  of  the  old  "Puddletown  sluice"  to  the  foot  of  the  gorge  through  which 
the  river  runs  at  the  "kingdom".  Mr.  Smith  formerly  considered  his  privilege  to  embrace  18  feet  fall,  but  claims 
that  the  action  of  the  railroads  in  throwing  excavated  rock  into  the  stream  has  resulted  in  shifting  8  feet  of  the  fall 
to  below  the  limit  of  his  ownership,  leaving  the  present  fall  on  his  privilege  10  feet.  The  gorge  to  which  reference 
has  been  made  is  not  unlike  the  one  farther  down  stream  at  Tariffville;  it  is  narrow,  and  hemmed  in  by  high,  almost 
vertical,  walls  of  solid  rock.  A  branch  of  the  New  Haven  and  Northampton  railroad  runs  along  the  west  side, 
about  20  feet  above  low  water  in  the  stream ;  and  on  the  opposite  side  is  the  Hartford  and  Connecticut  Western 
railroad,  5  or  10  feet  higher.  In  this  confined  passage-way  the  freshet-rise  is  large,  and  within  ten  years  is  said  to 
have  reached  the  Northampton  track.  It  would  not  therefore  answer  to  build  a.  dam  in  the  narrows,  but  by  giving 
sufftcient  length  of  roll-way  at  some  point  below,  an  undue  rise  there  could  be  avoided.  The  gorge  is  about  800  feet 
long,  the  river  falling  perhaps  5  feet  in  that  distance.  Below  the  gorge  the  river  widens  and  forms  a  deep,  quiet 
pool.  The  hills  recede  and  the  west  bank  becomes  low  and  sandy;  1,500  feet  below  the  narrows  there  is  a  second 
pitch,  of  4  or  6  feet  in  200  feet.  The  river  is  there  wide,  incloses  a  low  island,  and  has  a  gravelly  bed;  the  west 
bank  rises  about  10  feet,  and  the  New  Haven  and  Northampton  Eailroad  track  is  aboat  15  feet,  above  low  water. 
Perhaps  the  best  method  of  improving  this  portion  of  the  river,  and  one  that  would  use  safely  a  part,  at  least,  of 
the  fall  at  Satan's  Kingdom,  would  be  to  locate  a  dam  at  a  point  about  half  a  mile  down  stream,  at  the  foot  of  a 
long  meadow. 

At  a  place  called  Puddletown,  a  short  distance  below  Pine  Meadow,  a  low  dam  formerly  ran  across  the  river, 
and  a  canal  down  the  west  bank  carried  water  to  puddling- works,  using  8  feet  fall.  The  former  owner  and  Mr.  D. 
B.  Smith  carried  on  a  lawsuit  for  six  years  over  the  question  of  backwater  from  this  dam  setting  upon  the  privilege 
above.  Mr.  Smith  was  successful  in  the  suit,  and  the  dam  was  afterward  removed.  The  privilege  is  now  said  to 
foe  owned  by  Mr.  William  Caul,  of  Pine  Meadow,  and  is  for  sale. 

The  extent  to  which  the  67  feet  of  unimproved  fall  between  Pine  Meadow  and  Collinsville  can  be  utilized  is 
to  be  determined  only  by  careful  examination ;  supposing  that  it  were  possible  to  use  the  whole  amount,  the 
-corresponding  power,  as  well  as  the  power  for  lesser  falls,  may  be  estimated  as  follows : 

Estimate  of  unimproved  power  between  Pine  Meadow  and  Collinsville. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10 montlis,  average  year. 


RAINFALL  ON  BASIN. 


Spring. 


Inches. 


Sum- 
mer. 


Inches. 
14i 


An- 

tumii. 


Inches. 
14i 


Winter, 


Inches. 
10 


Year. 


Inches. 
48 


Drainage 
area. 


Sq.  miles. 
6225-C291 


Flow 

per  second, 

average 

for  the  24 

hours. 


Cubic  feet. 
170 
200 
230 


Theoretical  horse-power,  (fl) 


V  foot  fall. 

i  feet  fall. 

W  feel  fall. 

n  feet  fall. 

19.31 

150 

190 

230 

22.72 

ISO 

230 

270 

26.13 

210 

260 

310 

m  feet  fall 
1,290 
1,520 
1,750 


a  In  low  stages  of  river  the  power  could  be  doubled  for  ten  or  twelve  hours  in  the  day. 


I)  At  New  Hartford, 


c  At  Satan's  Kingdom. 


The  Pine  Meadow  privilege  embraces  a  fall  of  17  feet.  A  half-mile  above  the  mills  a  low  dam,  old,  and  built  of 
logs,  extends  across  the  river,  presenting  an  angle  up  stream.  Water  is  conveyed  thence  for  use  through  a  canal 
30  feet  wide  and  6  feet  deep.  Mr.  D.  B.  Smith  owns  one-half  of  the  power,  and  uses  it  in  the  manufacture  of  cotton 
duck,  furniture,  and  hardware;  he  has  also  a  brass-  and  iron-foundery,  a  grist-mill,  and  a  saw-mill.  Seven-sixteenths 
of  the  power  is  owned  by  H.  Chapin's  Son,  and  used  for  a  machine-shop,  iron-foundery,  and  in  the  manufacture  of 
carpenters'  tools.    The  remaining  one  sixteenth  of  the  privilege  is  owned  by  Mr.  Eobert  R.  Smith,  of  New  Hartford. 

Probably  the  finest  privilege,  all  things  considered,  on  tlie  Fariniugton  river,  is  that  of  the  Greenwoods 
Company,  at  New  Hartford.  The  fall  of  30  feet  is  equaled  by  that  designed  for  the  new  Tariffville  power,  but  is 
only  surpassed,  among  the  improved  powers,  at  Union ville,  where  there  is  a  total  fall  of  36  feet.  The  Greenwoods 
Comnauvhas  the  advantage  of  a  very  large  storage  above  its  dam,  which' enables  it  easily  to  control  the  low-water 
flow  of  the  .^tr^ajn.  The  management  of  the  large  reservoir  in  Otis,  24  miles  above,  is  directed  from  this  point, 
there  being  commubie^Mon  by  telephone,  and  every  possible  economy  is  practiced  in  the  use  of  water.  It  is  stated 
to  require  twenty-four  or  ."^rty-eight  hours  for  water  to  reach  New  Hartford  from  this  reservoir,  accordingly  as  the 

gates  there  are  opened  entirelv  or  only  half-way.    The  Greenwoods  Company  manufactures  cotton-duck,  running 
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25,000  spindles  ami  employing  700  hands;  it  uses  iibont  800  liorao  power.  Water  is  used  in  two  falls,  of  18  and 
12  feet,  respectively ;  first,  near  the  east  end  of  the  dam,  whence  it  is  conveyed  in  a  race  some  distance  down  to  the 
lower  mill. 

The  roll- way  of  the  dam  is  variously  stated  at  from  DIO  to  230  feet  in  length;  it  is  25  feet  high,  and  is 
supplemented  by  an  earthen  embankment  35  feet  high  and  nearly  400  feet  long.  It  was  built  in  1848,  and  by  its 
long  endurance  gives  evidence  of  having  been  well  designed  and  constructed.  The  details  of  construction  are  given 
at  considerable  length  in  James  Lefl'el  &  Co.'s  work  on  the  Construction  of  Mill  Dams,  from  which  these  notes 
are  mainly  taken. (a)  The  river-bed  at  the  site  of  the  dam  is  composed  of  cobble-stones,  gravel,  and  quicksand. 
The  banks  are  gravel  and  sand.  The  structure  itself  is  a  crib-work  of  timbers  from  9  to  12  inches  thick,  and  slopes 
both  up  stream  and  down  from  the  crest,  at  angles  of  about  27°  with  the  horizontal.  The  foundation  timbers  are  laid 
crosswise  of  the  stream,  the  next  layer  with  the  stream,  and  so  on.  Those  timbers  runniug  with  the  stream  are  6  feet 
apart  from  center  to  center,  the  ends  coming  flush  with  the  face  aud  back  of  the  dam  ;  those  running  transversely 
leave  a  clearance  of  2  or  3  feet.  The  intersections  are  fastened  with  spikes  of  ^-inch  round  iron  20  inches  long. 
Throughout  the  structure  all  spaces  are  filled  in  with  loose  slone.  At  the  foot  of  the  back  slope  is  a  line  of  sheet- 
piling,  designed  to  prevent  leakage  under  the  dam.  At  the  end  of,  and  partially  supporting,  the  apron  is  a  row  of 
piles.  The  apron  itself  is  composed  of  timbers  12  inches  thick,  placed  close  together;  it  is  securely  bound  to  the 
main  portion  of  the  dam  by  extending  a  timber,  once  iu  6  feet,  25  or  30  feet  under  the  latter,  while  the  remainder 
extend  under  only  2  or  3  feet.  The  apron  projects  14  feet  from  the  foot  of  the  dam.  Timber  and  stone  cribs  placed 
in  the  river-bed  below  the  apron  and  secured  to  the  latter  prevent  scour  from  the  overfalling  water. 


Summary  of  water-privileges  on  the  Farmington  river,  from  New  Hartford  to  the  mouth. 


Fall. 

GROSS   OS  THEOKETICAL   H0R8E- 
POWEn.(a) 

Locality, 

area. 

Low  water, 
dry  yi-ar. 

»_ 

Low  water, 

avei  age 

j-eaf. 

Available 

ten  months, 

average 

year. 

Remarks. 

Sq.  miles. 
225 

Feet. 
30 
17 

Power  utilized  by  Greenwoods  Company. 

Power  utilized  for  several  kinds  of  manufacturing. 

Puddletown  (near  Pine  Meadow) 

8 
in 

150 

190 

230 

1,290 

180 

230 

270 

1,620 

210 
260  ?■ 
•310  ■' 
1,750 
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These  piivileges  aie  particular  ones  brought  to  notice,  and 

334                15 

ville. 

67 

20 
i)35 

This  fall  is  entirely  unimproved,  and  probably  not  all  could 
he  developed  to  good  advantage. 

trtilized  by  the  Collins  Company. 

tJnimproved. 

Owned  by  Union  Water  Power  Company,  and  largely  utilized. 

Intermediate  between  dam  and  tail-race  of  above  privilege. 
Used  by  grist-mill. 

Unimproved. 

Intermediate  on  above  privilege.    Small  povrer  in  tise  by 
grist-mill. 

Occupied  by  the  Hartford  Silk  Company. 

To  be  improved  by  Horace  Smith,  esq.,  of  Springfield,  Mas- 
s  achusetts. 

Small  power  used  in  Watson's  mill  in  the  manufacture  of 
horse-blankets. 

Unimproved.    A  fine  privilege. 

Utilized  by  three  paper-mills. 

Power  utilized  by  Tunxis  Worsted  Company  and  Hartford 
Paper  Compauy. 

Power  utilized  by  Tunxis  Worsted  Company. 

334- 

800 
860 

910 
980 

1,070 
1,140 

357 

36 

9i 

34 

5 

13 

30 

8 

20 
10-13 
9-10 

7i 

Do 

360  ± 
431 

810 
140 

930 
160 

1,080 
190 

TariflVille 

555 

990 
260 
660 

1,160 
310 
770 

1,470 

390 

1,000 

Do                     

Hainbow  (Case's  power)    

666 

Do 

Do 

a  Estimated  on  basis  of  average  flow  for  the  twenty-four  hours. 


&  Estimated. 


Ascending  the  West  branch  of  the  Farmington  river  above  N"ew  Hartford,  we  find  the  surrounding  country  hilly 
and  wooded,  with  many  steep  and  rocky  slopes.  The  timber  is  largely  the  younger  growth  aud  confined  to  the  ridges, 
having  been  cut  lower  down.  Farming  is  carried  on  to  a  moderate  extent,  but  the  land  does  not  appear  very 
productive.  The  river  is  almost  a  constant  succession  of  shoals,  with  a  bed  of  gravel  and  bowlders,  and  firm  banks. 
•  The  discharge  from  Otis  reservoir  passes  down  this  branch,  aud  is,  of  course,  a  great  assistance  during  the  dry  season; 
but  that  reservoir,  controlled  by  the  companies  farther  down  stream,  is  drawn  upon  rather  irregularly,  so  that  while 
much  of  the  time  a  large  amount  of  water  wastes  past  the  mills,  there  are  intervals  when  the  supply  is  insufficient. 
This  disadvantage  is  especially  noticeable  above  Eiverton,  where  the  water  from  Winsted  comes  in.  The  method 
of  using  the  upper  river  is  by  low  dams  aud  long  races ;  in  consequence  very  little  water  is  stored,  and  so  there  is 
110  safeguard  against  the  irregularities  of  flow  that  have  been  mentioned. 

a  There  may  have  been  minor  changes  since  that  description  was  publi.shed,  but  it  is  without  doubt  substantially  correct. 
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Generally  speaking,  however,  this  part  of  the  stream  is  naturally  favorable  for  improvement.  The  gravelly 
bed  offers  good  foundation  for  dams.  The  hills  close  in  at  points  so  as  to  leave  no  good  building-room,  but  there 
are  frequent  intervales  where  there  is  abundant  space.  At  such  localities  one  bank  or  the  other  is  apt  to  be  rather 
low  but  toward  the  head  or  foot  of  an  intervale  the  banks  are  usually  of  fair  height.  A  dam  high  enough  to  set 
back  the  river  over  one  of  these  intervales,  or  over  any  considerable  part  of  one,  would  give  a  large  pondage ;  the 
land  covered  would  be  the  best  in  the  valley,  but  could  not  be  of  great  money  value.  One  objection  to  the  use 
of  power  on  this  section  of  the  stream  is  the  lack  of  railroad  facilities,  which  extend  only  a  little  above  New 
Hartford.  A  line  is  said  to  have  been  graded  between  Lee,  Massachusetts,  and  Colebrook  Eiver,  Connecticut,  but 
the  company  failed  and  the  work  ceased. 

North  of  New  Hartford  the  first  privilege  is  at  Pleasant  Valley,  just  above  the  Greenwoods  pond.  A  couple  of 
low  dams,  several  hundred  feet  apart,  rudely  made  of  bowlders,  serve  to  divert  water  into  a  race  on  either  side  of 
the  river.  On  the  east  side  are  a  number  of  unoccupied  buildings  ;  carriages  were  formerly  manufactured  there, 
but  a  suit  regarding  the  water-power  arose  with  the  Greenwoods  Company,  and  the  property  was  finally  purchased 
by  it.  On  the  west  side  perhaps  15  horse-power  and  7J  feet  fall  are  used  by  Albert  Baker  &  Son  in  the  manufacture 
of  sashes,  doors,  and  blinds. 

The  next  power  is  also  in  Pleasant  Valley,  and  is  occupied  by  Messrs.  D.  &  E.  J.  Youngs  for  a  saw-mill.  They 
have  a  log  dam  200  feet  or  more  in  length  and  5  or  6  feet  high,  from  which  water  is  brought  in  a  race  about  a  quarter 
of  a  mile  to  the  mill,  where  12  feet  fall  is  obtained.  The  ordinary  freshet-rise  on  the  dam  is  about  4  feet;  a  much 
higher  rise  carries  the  water  on  to  flats  which  extend  back  on  the  east  side. 

Between  Pleasant  Valley  and  Eiverton  there  are  two  unimproved  powers.  The  lower  is  owned  by  the  Messrs, 
Youngs,  of  the  former  yilace,  and  has  a  fall  estimated  at  12  or  15  feet.  The  second,  which  might,  if  desired,  be 
separated  into  two  privileges,  extends  from  the  Youngs  privilege  to  within  three-quarters  of  a  mile  of  Eiverton, 
and  embraces  24  feet  fall.  It  is  owned  by  Mr.  H.  Goodwin,  of  Eiverton,  who  also  owns  in  connection  120  acres  of 
land,  25  of  which,  on  the  east  side  of  the  river,  is  claimed  to  be  suitable  for  building-purposes. 

At  Eiverton,  above  the  mouth  of  Sandy  brook,  Stephens  &  Co.  use  8  feet  fall  and  20  horse-power  in  the 
manufacture  of  rules;  they  can  run  at  full  capacity  nearly  all  the  year. 

In  tlie  same  village,  farther  up  stream.  Ward  Brother^  have  a  manila- jjaper  mill,  where  they  use  12  feet  fall 
and  135  horse-power.  They  run  twenty-four  hours  in  the  day,  and  are  short  of  water  perhaps  one  month  during 
the  year,  in  periods  of  a  few  days  at  a  time  when  the  Otis  reservoir  is  not  being  drawn  upon.  The  dam  is  a  timber 
structure,  180  feet  long  and  4  or  5  feet  high,  and  was  the  first  built  between  New  Hartford  and  Colebrook  Eiver. 
Water  is  brought  to  the  mill  through  a  race  about  a  quarter  of  a  mile  long. 

Between  Eiverton  and  Colebrook  Eiver,  a  distance  of  about  5  miles,  there  is  considerable  unimproved, fall, 
said  to  amount  to  100  feet  or  more.  The  stream  is  70  or  80  feet  wide,  and  of  the  same  general  character  as  below 
Eiverton.  At  Colebrook  Eiver,  H.  S,  Sawyer  has  a  cotton-duck  factory  running  3^600  spindles  and  employing  115 
hands.  About  100  horse-power  is  probably  in  use,  from  wheels  rated  at  170  horse-power  and  working  under  18  feet 
fall.  The  pondage  is  small  and  would  not  supply  the  mill  more  than  four  hours.  In  the  low  water  of  September, 
1882,  without  receiving  any  supply  from  Otis  reservoir,  this  mill  could  be  run  at  about  three-quarters  capacity. 

The  stream  was  not  visited  above  this  point:  there  were  reported  to  be  several  small  establishments  above,  but 
no  important  use  of  power  was  mentioned. 

Tribxjtaeies  of  the  Faemington  eivee — The  East  branch. — This  stream  empties  just  below  Pine  Meadow, 
and  has  at  present  but  little  value  for  power.  So  far  as  ascertained  it  is  not  supplied  by  any  reservoirs,  although 
it  is  said  that  some  storage  room  might  be  put  to  use  in  the  upper  waters.  Its  lower  course  lies  through  a  somewhat 
narrow  valley,  the  side  slopes  of  which  are  wooded,  often  very  abrupt,  and  occasionally  display  huge  precipitous 
ledges  of  bare  rock. 

The  only  dam  within  10  or  12  miles  of  the  mouth  is  at  Barkhamsted  Hollow,  where  Wallace  Case  uses  13  feet 
fall  for  a  small  grist-  and  saw-mill.  He  has  one  water-wheel,  rated  at  47  horse-power,  and  thinks  that  with  a  tight 
dam  it  could  be  run,  on  the  average,  ten  months  in  the  year  at  full  capacity. 

The  stream  is  very  flat  in  this  part  of  its  course,  and  is  said  to  continue  thus  well  up  toward  its  head.  Mr.  Case 
states  that  for  6  miles  above  his  privilege  the  slope  is  so  small  that  by  raising  his  dam  from  4  to  6  feet  he  considers 
that  the  stream  would  be  set  back  over  the  whole  distance  and  the  surrounding  meadows  flooded.  Between  Case's 
mill  and  the  mouth,  at  least,  the  river-bed  is  gravelly,  the  banks  are  low  and  are  composed  of  sand  or  gravel;  the 
water  is  very  clear,  and  in  a  low  stage  there  is  to  be  seen  only  a  series  of  quiet  pools,  between  which  the  ghoals  are 
scarcely  covered  with  water.  The  general  slope  being  small,  storm-waters  are  not  promptly  carried  off,  and  a  heavy 
shower  3  miles  above  Case's  mill  is  sufficient  to  bring  the  stream  out  of  its  banks  into  the  bordering  meadows. 
Ordinarily,  in  its  lower  course,  the  stream  begins  to  rise  about  G  hours  after  the  beginning  of  a  rain,  and  to  fall  at 
an  equal  interval  after  its  cessation.    Below  Case's  dam  a  common  freshet-rise  is  5  feet,  and  an  extreme  rise  13  feet. 

Power  at  Winsted.—li  is  interesting  to  note  the  number  and  variety  of  manufactures  which  have  here  developed 
a  thriving  borough  of  1,800  inhabitants,  and  which  are  supported  by  little  streams.    These  industries  have  started 

from  small  beginnings,  and  have  grown  steadily  in  size  and  number.    The  manufactures  are  nearly  all  in  metal,  and 
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employ  a  good  many  hands  in  the  aggregate,  with  a  large  production  of  goods,  without,  however,  requiring  very 
large  powers.  The  main  village  and  two  other  villages,  called,  respectively.  East  and  West  Winsted,  lie  scattered 
along  a  rather  narrow  valley  among  high  hills.  Three  streams  are  in  use.  Mad  river  comes  down  from  the  town  of 
Norfolk,  and  is  the  main  stream  as  regards  length  and  size  of  drainage  area.  At  Winsted,  just  above  Persons' 
dam,  it  receives  what  is  called  the  "  Lake  stream",  and  a  short  distance  below  the  Strong  Manufacturing  Company's 
privilege  it  unites  with  Still  river,  which  comes  from  Burrville  and  gives  its  own  name  to  the  succeeding  portion  of  the 
stream.  Most  of  the  mills  receive  the  benefit  of  the  Lake  stream,  which  is  the  principal  and  most  reliable  source 
of  supply.  The  lake  holds  back  ice  and  freshets,  and  the  village  would  be  almost  free  from  the  latter  but  for  an 
occasional  large  rise  in  Mad  river.  The  mills  are  mainly  of  moderate  size,  but  there  are  several  large  and  wealthy 
manufacturing  concerns.  Water  furnishes  the  sole  motive  power  in  nearly  all  cases,  though  a  few  of  the  larger 
establishments  also  employ  steam  more  or  less  of  the  time.  The  fall  is  practically  all  improved  in  Winsted  along 
the  course  of  the  Lake  stream,  but  there  is  some  yet  undeveloped  on  Mad  river  above  the  Empire  Knife  Company's 
works. 

Long  lake  is  about  2J  miles  in  length,  and  is  estimated  to  cover  from  800  to  1,000  acres,  though  on  the  state  map 
published  in  1859  it  measures  only  570  acres.  It  is  a  natural  pond  that  has  been  raised,  and  though  it  can  be  drawn 
down  10 J  feet  from  a  full  stage,  there  then  remains  a  depth  of  60  feet  in  places.  One  or  two  little  streams  drain 
into  it,  and  its  entire  water-shed  includes  0.5  square  miles.  In  the  average  of  years  it  fills  to  within  about  a  foot  of 
full-water  line.  In  1882  it  lacked  a  little  over  2  feet  of  filling,  while  in  1874,  for  a  time,  water  is  said  to  have  wasted 
9  inches  deep  over  two  waste-weirs  of  100  feet  each.  The  borough  water-supply  is  from  this  lake,  and  absorbs  a 
considerable  amount  of  its  water.  The  lake  affords  a  very  steady  power  to  the  mills  on  the  stream  below;  it  is 
drawn  upon  throughout  the  year  to  the  amount  of  1,600  cubic  feet  per  minute,  which  it  seldom  fails  to  furnish. 
Twice  in  eleven  years  the  supply  has  run  somewhat  short,  at  one  time  for  a  period  of  five  months  and  at  another  for 
three  months.  September  9,  1882,  after  a  very  dry  season,  the  water  surface  was  6f  feet  below  full-water  line,  and 
was  being  drawn  down  about  three-quarters  of  an  inch  a  day.  The  dam  would  admit  of  being  raised  higher,  and  a 
plan  is  under  consideration  to  tap  Mad  river  at  a  point  above  the  borough,  and  by  means  of  a  canal  2  or  3  miles  long 
convey  its  surplus  waters  to  the  lake. 

The  uppermost  establishment  in  Winsted,  on  Mad  river,  is  the  Empire  Knife  Company.  A  short  distance 
up  stream  it  has  a  reservoir  of  several  acres,  which  can  be  drawn  down  25  feet,  and  between  this  reservoir  and  its 
factory  it  owns  several  unimproved  powers. 

The  various  falls  in  use  at  Winsted,  and  some  facts  regarding  the  manufacturing,  may  be  learned  from  the 
following  table: 

^Yater-pr^vileges  at  Winsted  and  vicinity  (in  order  descending). 


Finn. 


Manufacture. 


Lake  stream.  j 

Toming-shop. 

Saw-mill 

Henry  Spring  Company 

Beardsley  Scythe  Company 

Winsted  Manufacturing  Company Scytbes 

Hulbeit  Iron  Works 

T.  C.  Eicbards  Hardware  Company 

Winsted  Hoe  Company 

Mad  river. 

Empire  Knife  Company 

George  Dudley  Sc  Son 


John  T.  Eockwell 

Wing  Persons 

Thayer  Scythe  Company 

Winsted  Foundery  &  Machine  Company 
Xew-  England  Pin  Company 


Winsted  Hoe  Company 

Strong  Manufacturing  Company 

Still  river  below  Mad  river. 

William  L.  Gilbert  Clock  Company. . 


Winsted  Manufacturing  Company. 

Franklin  Moore  &Co 

E.Cook  &  Sons 


Tannery . . 

...  do  

Feed-mill . 


Undertakers'  har'dware. 


Scythes,  coiii-knives,  etc. 
Norway  bolts  and  nuts. . . 
Fine  carriage-axles 


Eated 
FaU.(<t)     'w;se-power 
^  '     I  ol  wheels. 
(0) 


Feet. 
17 
19 
16 
28 
20 

14-16(?) 
12 

21 


18-20 


13 
8i 

10 
6i 
9 

10 

n 

18 

14-16 
13-14 


45 
110 


30 
55 


30 
23 


15(?) 

54 

40 
38 


72 


Eemarks. 


Transfers  small  power  by  cable  to  Winsted  Silver  Plate  Com- 
pany. 


35.inch  Nation.il  wheel.    In  average  year  can  run  full  capacity 
eleven  months. 


Lake  stream  empties  into  pond  above  the  dam. 
Works  closed  permanently. 


Can  ran  at  full  capacity  by  water-power  about  nine  months. 
Uses  steam  in  acidition.  Eents  occasional  surplus  power  to 
a  grist  -mill. 


Large  concern,  employing  200  bands.  Can  run  at  full  capacity 
by  -water-power  nine  or  ten  months.  Uses  steam  in  low  water. 
Leaky  wooden  dam  on  rock  ledge. 


One  privilege. 


a  Approximate. 
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Shortly  below  Winsted,  F.  Woodruff  &  Son  use  power  for  a  grist-mill.  About  a  quarter  of  a  mile  above 
Eobertsville  the  stream  passes  through  a  rocky  gorge  and  over  an  abrupt  fall.  It  is  said  that  with  a  high  dam  35 
feet  fall  is  available  there. 

At  Eobertsville,  not  far  above  its  confluence  with  Sandy  brook,  Still  river  runs  through  another  narrow 
passage-way  in  the  rocks,  falling  o\'er  40  feet  in  a  little  distance.  Fourteen  feet  of  this  fall  and  25  or  30  horse- 
power are  here  employed  by  the  Union  Chair  Company. 

Below  the  junction  of  Sandy  brook  and  Still  river,  sometimes  the  one  name  and  sometimes  the  other  is  given 
to  the  main  stream.  Thence  to  the  Farmington  only  one  power  is  in  use,  and  that  is  at  Eiverton,  near  the  mouth, 
where  the  Eagle  Company  uses  14  feet  fall  and  from  60  to  76  horse-power  in  the  manufacture  of  scythes.  A 
,grist-mill  is  supplied  from  the  same  privilege. 

The  Pequabuck  river  is  a  small  stream  draining  60  square  miles,  embracing  portions  of  the  towns  of  Burlington, 
Barwinton,  Plymouth,  Bristol,  and  Farmington,  in  the  latter  of  which  it  joins  the  Farmiugtou  river  from  the  south. 
It  is  very  flat  near  the  mouth,  but  falls  more  rapidly  above,  and  has  a  gravelly  bed.  Formerly  it  was  supplied  in 
part  by  Mine  pond,  which  it  is  stated  has  now  been  drawn  down  and  will  no  longer  be  used.  Above  Forestville 
the  stream  branches,  the  south  branch  being  the  more  important  and  receiving  considerable  assistance  from  South 
Mountain  reservoir,  said  to  be  half  a  mile  long,  but  the  area  of  which  could  not  be  ascertained.  The  reservoir  fills 
regularly,  and  can  be  drawn  down  some  12  or  14  feet  from  full-water  line.  Although  the  Pequabuck  furnishes  a 
large  number  of  small  privileges, (a)  it  is  of  no  especial  importance  for  power,  and  all  the  principal  manufacturing 
•concerns  on  its  course  have  to  rely  largely  upon  steam.  The  most  prominent  users  of  power  are  the  E.  K  Welch 
Manufacturing  Company  and  Welch  Spring  Company,  practically  one  concern.  They  have  seven  factories  at 
Forestville  and  Bristol,  employ  400  hands,  and  have  four  dams  on  the  Pequabuck;  they  can  realize  full  capacity 
from  their  water-wheels  perhaps  six  or  eight  months  in  the  year,  but  consider  steam  the  principal  power. 

THE  SCANTIO  EIVEB. 

This  stream  joins  the  Connecticut  river  from  the  east  a  couple  of  miles  above  the  mouth  of  the  Farmington. 
It  rises  a  few  miles  above  the  Massachusetts  boundary,  running  thence  southwesterly  into  Connecticut,  and  drains 
a  total  area  of  118  square  miles.  The  fall  of  the  stream  is  not  large,  and  in  the  main  portion  of  its  course  seems 
to  be  mostly  taken  up.  The  section  constituting  the  lower  basin  has  a  slightly  broken  and  undulating  surface,  but 
as  a  whole  is  comparatively  flat.  The  soil  is  generally  light  and  sandy,  though  clayey  in  some  sections  and  more 
or  less  alluvial  along  the  streams ;  it  has  been  quite  thoroughly  cleared  of  timber,  and  is  well  cultivated  in  tobacco 
and  corn. 

At  intervals  along  its  course  the  bed  displays  ledge  rock,  usually  red  sandstone,  and  much  of  it  shaly  and 
inferior  in  character.  The  dams  at  Scantic,  Hazard ville,  and  Scitico  are  built  upon  these  ledges,  and  the  same  stone 
is  used  in  the  construction  of  some  of  them.  For  a  third  of  a  mile  above  the  Scantic  dam  the  bed  is  of  rock,  and 
this  again  crops  out  just  above  the  mouth  of  Broad  brook.  Where  the  stream  passes  through  meadows  it  is  flat 
and  winding,  the  bed  composed  of  sand  and  clay,  and  the  banks  are  alluvial  and  low,  rising  from  4  to  8  feet  above  low 
water.  In  those  sections  it  is  therefore  impracticable  to  build  high  dams  without  flowing  considerable  meadow-land, 
which,  between  Scantic  and  Hazardville,  has  been  valued  at  $100  per  acre,  though  it  is  probably  somewhat  lower 
now.  The  volume  is  tolerably  well  sustained  in  the  dry  season,  though  less  so,  as  some  claim,  than  formerly,  when 
the  timber  had  not  been  so  much  cut  away.  The  drainage  basin  being  rather  flat  and  its  surface  receptive  of  water, 
the  stream  is  not  seriously  affected  by  ordinary  rains.  A  rise  of  3  feet  on  the  roll-way  of  the  Scantic  dam,  about 
100  feet  in  length,  is  considered  large.  The  effect  of  a  heavy  rain  at  the  headwaters  is  ordinarily  felt  forty-eight 
hours  later  at  the  mouth ;  a  heavy  spring  rain  brings  the  stream  up  in  half  that  time,  and  in  the  great  storm  of 
October,  1869,  it  reached  a  very  high  stage  in  twelve  hours.  It  commonly  runs  lowest  in  August.  General  EUis 
gives  the  least  discharge  as  35  cubic  feet  per  second,  and  the  mean  discharge  139  cubic  feet  per  second. 

The  Scantic  river  is  without  any  storage  reservoirs,  properly  so  called,  though  the  mill-pond  at  Somerville  is 
reported  to  be  of  good  size;  it  would  be  possible  to  obtain  a  large  flowage  at  other  points,  but  on  account  of 
submerging  valuable  farming-laud  the  plan  would  be  expensive.  It  is  practicable  to  build  a  dam  20  feet  high  at 
the  site  of  the  present  one  at  Scantic,  near  the  mouth,  and  the  owner  of  the  latter  roughly  estimates  tliat  it  would 
give  a  flowage  of  100  acres.(6)  Again,  a  dam  might  be  built  at  Scitico  to  give  a  very  large  flowage,  but  tke  pond 
would  set  back  over  the  Hazard  Powder  Company's  upper  privilege. 

The  Connecticut  Central  (c)  railroad  crosses  at  Scitico,  some  12  miles  by  general  course  above  the  mouth,  and 
below  that  point  runs  parallel  to  the  stream  at  a  distance  of  a  mile  or  a  mile  and  a  half  from  it.  Ascending  from 
the  mouth  to  Scitico  the  water-privileges  are,  in  order,  as  follows : 

1.  At  Scantic  village,  U  miles  from  the  mouth,  is  N.  S.  Osborn's  saw-,  grist-,  and  plaster-mill.  The  privilege 
has  been  in  use^ since  1729,  and  for  a  hundred  years  in  the  present  family.    Upon  a  rock  ledge  rests  the  dam,  a  log 

a  As  nearly  as  can  be  learned  there  are  17  on  the  main  stream  and  South  branch. 
6  This  plan  would  involve  purchasing  the  lower  privilege  at  Broad  Brook,  occupied  by  a  grist-mill. 
2g2  c  Leased  to  the  New  York  and  New  England  railroad,  and  by  it  denominated  "Springfield  Division", 
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structure,  with  the  mill  at  one  eud.  A  fall  of  iti  feet  is  obtained,  under  which  are  run  five  tub- wheels,  rated  at  15> 
horse  power  each.  For  five  mouths  iu  an  averaj^c  year  they  can  all  be  run  at  full  capacity,  with  a  wastage  at  the 
same  time  on  the  dam,  but  in  an  extremely  low  stage  only  one  wheel  can  be  run  without  drawing  down  the  pond. 

Below  the  dam  the  stream  is  about  40  feet  wide,  and  thence  to  the  mouth  has  a  fall,  in  low  water,  of  18  feet. 
In  high  stages  the  Connecticut  river  sets  back  to  the  dam,  and  in  exceptionally  high  lidods,  such  as  that  of  1854, 
has  been  known  to  cover  it  entirely  from  sight.  In  some  years  no  trouble  is  experienced  from  backwater,  while  in 
others  it  hinders  more  or  less  for  four  or  five  weeks. 


Estimate  of  loinr  at  Semitic  rillage. 


Theoretical  horse-power. 


Lew  "water,  dry  year , 

liOW  "water,  average  year 

Available  10  months,  average  year 


footfall. 

6i  feet  fall. 

2.84 

16 

4.54 

25 

5.11 

28 

20ft.faU.(ay 
57 
91 
102 


»  See  preceding  remarks. 

2-4.  From  Scantic  to  Hazardville,  a  distance  of  6  miles,  the  stream  has  a  meandering  course  through  meadows, 
and  is  mostly  smooth  water.  At  Hazardville  is  the  extensive  property  of  the  Hazard  Powder  Company,  embracing 
a  total  fall  of  46  feet,  divided  into  three  privileges,  each  improved  by  a  dry-stone  dam.  Canals,  enlarging  at  various- 
points  into  ponds  of  moderate  size,  convey  water  from  the  dams  to  the  different  mills,  which  are  much  scattered. 
The  company  also  owns  two  privileges  at  Scitico,  one  of  them  in  use  for  its  works  and  one  unimproved.  The 
aggregate  number  of  wheels  in  use  on  all  the  four  utitized  privileges  is  twenty-four,  with  an  estimated  total  of  about 
300  horse  power;  200  horse-power  of  steam  is  also  employed.  In  an  average  year  the  wheels  can  be  run  at  full 
capacity  for  about  eight  months. 

5.  Paper-mill  privilege,  with  12  (?)  feet  fall. 

6.  Privilege  at  Scitico,  occupied  by  Spencer  &  Charter's  4-run  grist-mill.  The  dam  is  of  horseshoe  shape,  and 
is  a  fine  cement-masonry  structure,  about  80  feet  long,  20  feet  wide  at  the  base,  and  nearly  as  wide  at  the  top.  A 
fall  of  12  feet  is  in  use. 

7.  Fall  of  9  feet,  unimproved  except  by  the  remains  of  some  old  work;  owned  by  the  Hazard  Powder  Company 
and  held  for  ij^  own  use. 

8.  Hazard  Powder  Company's  upper  privilege,  16^  feet  fall. 

Broad  broolc  is  a  small  stream  joining  the  Scantic  at  Broad  Brook  village.  It  has  but  slight  value  for  power^ 
and  is  used  by  only  one  concern  of  importance — the  Broad  Brook  Company,  manufacturer  of  fancy  cassimeres,  and 
running  16  sets  of  cards.  There  is  a  pondage  of  about  8  acres  above  the  dam,  but  there  is  no  storage  reservoir  on 
the  stream  for  improving  its  dry-season  flow,  although  it  is  said  that  one  could  be  built  at  Melrose.  The  Broad 
Brook  Company  runs  its  mill  principally  by  steam,  but  it  has  two  water-wheels,  each  of  60  horse-power,  operating 
under  24  feet  head.  About  30  horse-power  in  all  can  be  obtained  in  the  lowest  stage  of  water,  but  the  full  power 
of  the  wheels  is  not  realized  more  than  one  month  in  the  year.  There  is  a  SKiall  grist-mill  below  and  there  are  two- 
saw-mills  above  on  the  stream. 

THE   WESTFIELD   KIVER. 

The  main  branch  of  the  Westfield  river  rises  in  the  town  of  Savoy,  in  the  northeastern  part  of  Berkshire  county, 
Massachusetts.  It  flows  thence  southeasterly  through  portions  of  Hampshire  and  Hampden  counties,  and  empties 
into  the  Connecticut  at  Springfield,  having  a  total  length  of  55  miles.  Twenty-two  miles  from  the  mouth  it  receives 
the  West  branch,  and  2  miles  above,  the  Middle  branch.  The  Boston  and  Albany  railroad  follows  up  the  main 
river  from  Springfield  to  Huntington,  and  then  continues  up  the  course  of  the  West  branch ;  the  New  Haven  and 
Northampton  railroad  crosses  at  right  angles  to  the  course  of  the  stream,  at  Westfield,  but-otherwise  the  drainage 
basin  of  the  river,  comprising  514  square  miles,  is  without  railroad  facilities.  The  following  data  will  give  some 
idea  of  the  slope  of  the  West  branch  and  a  portion  of  the  main  stream: 
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Table  showing  the  fall  in  the  Westfield  river. 


Locality. 


Becket,  West  branch 

Chester,  "West  branch 

HuntiDgton,  main  river 

Top  of  Salmon  Falls  dam,  Enssell 

Top  of  Horton's  dam,  'Westfleld 

Top  of  canal  company 'slower  dam,  Mittineague. 
Mouth  of  river  at  low  water 


Elevation 

of  water- 

Bnrface 

above 

sea-level. 


Feet. 
1,200 

572 

355 

232 

132 

93 

38 


Fall  ' 
between 
points. 


} 


Feet. 

628 
a'lT 
123 
100 
39 
55 


Distance 
between 
points. 


Miles. 

9 
7 

11 


Fall  per 

mile 
between 
points. 


Feet. 

69.8 
31.0 

20.3 
8.5 


Authority  for  elevations. 


Boston  and  Albany  Bailroad  profile. 
Do. 
Do. 


.  Beport  of  committee  for  protection 
■    of  "Westfleld  from  floods. 


The  country  drained  by  this  river  is  very  hilly,  and  toward  the  headwaters  is  even  mountainous,  with 
many  steep  and  rocky  slopes ;  and  as  the  storage  reservoirs  are  neither  numerous  nor  very  large,  rainfall  quickly 
finds  its  way  into  the  main  water-courses  and  produces  rapid  fluctuations  in  volume.  Low  water  lasts  usually  from 
the  middle  of  July  to  the  middle  of  September.  There  is  often  a  period  of  high  water  from  the  first  to  the  middle 
of  October,  while  the  spring  rise  comes  in  March  or  April.  The  ordinary  spring-freshet  depth  on  Chapin  &  Gould's 
dam,  below  Huntington,  about  200  feet  in  length,  does  not  exceed  6  feet,  though  that  is  sometimes  also  reached  in 
a  summer  storm ;.  but  on  December  10,  1878,  water  poured  over  the  dam  12  feet  deep,  flooded  the  lower  part  of  the 
mill,  and  brought  down  stream  huge -masses  of  rock,  tons  in  weight.  The  circumstances  of  this  memorable  flood 
were,  briefly,  as  follows :  On  the  date  of  its  occurrence  there  was  already  on  the  ground  a  moderate  depth  of  snow, 
not  exceeding  6  or  8  inches.  It  rained  steadily  during  the  day,  but  the  falling  water  was  absorbed  and  held  by 
the  snow,  without  either  running  off  or  penetrating  the  frozen  surface  underneath,  and  the  streams  gave  no 
indication  of  a  dangerous  rise.  At  four  or  five  o'clock  in  the  afternoon,  however,  the  weather  changed  and  became 
very  warm.  The  snow  melted  with  great  rapidity,  the  ground  was  soon  bare,  and  by  ten  o'clock  at  night  an 
immense  volume  of  water  was  pouring  down  the  channel  of  the  stream.  The  flood  was  not  of  long  duration,  its 
height  being  maintained  but  an  hour  or  so,  but  great  damage  was  done  along  the  whole  course  of  the  Westfield 
river;  dams  were  injured,  the  railroad  was  overflowed  and  washed  out  in  places,  and  farms  and  villages  were 
inundated.  Of  the  main  portion  of  the  river  there  is  nothing  especially  important  to  be  said  as  regards  ice. 
Surface-ice  is  sometimes  held  back  in  the  mill-ponds,  and  sometimes  runs  out  when  yet  thick  and  strong.  It  is 
well  broken  up  in  going  over  the  dams,  and  does  not  appear  to  cause  serious  trouble,  although  it  occasionally 
gorges  and  produces  a  temporary  set-back  in  the  river.  *' 

It  is  difficult  here,  as  with  the  other  streams  that  have  been  described,  to  get  any  accurate  data  concerning 
the  reservoirs,  but  such  facts  as  could  be  obtained  as  to  their  location  and  size  are  given  below: 

Principal  lakes  and  reservoirs  in  the  Westfield  River  basin. 


Name. 


Windsor  pond  . 


Keservoir  owned  by  L.  L.  Brown  Paper  Com- 
pany, 
ii'orwich  pond 


-  Center  pond  (reservoir) . . 
Yokum  pond  (reservoir) . 
A  new  reservoir 


Wheeler  reservoir 

Hudd  pond  (reservoir)  . 

Church's  reservoir 

liOng  pond 

Blair  pond 

Korth  Meadow  pond. .. 
Congamuck  pond 


Locality  (town). 


Windsor 

Near  Cummington  village  . 
Huntington 


Becket  

do 

Probably  in  Becket . 


Becket , 

do 

Middlefleld  (!) 

Blandford  

do 

do 

Southwick 


Approxi- 
mate area. 


Acres. 
107 

200  (!) 

128 

163 
118 


150 
215 


Remarks. 


Tributary  to  main  river.    Area  as  given  by  H.  F.  Walling — see  Ap- 
pendix B,  Iteport  0/  the  Massachusetts  State  Board  of  Health,  1873. 

Power  used  at  outlet.    Area  aa  stated  by  officer  of  company  at  South 
Adams.    Tributary  to  main  river. 

Tributary  to  main  river,  but  not  now  in  use  as  a  storage  reservoir, 
though  formerly  so  employed.    Area  as  given  by  Walling. 

Tributary  to  West  branch.    Area  as  given  by  Walling. 

Do. 

Tributary  to  West  branch,  and  said  to  be  larger  than  either  Center  or 
"Sokum  pond. 

Tributary  to  West  branch.    Area  as  given  by  Walling. 

Do, 
Tributary  to  West  branch. 
Tributary  to  Little  river.    Area  as  given  by  Walling. 

Do. 

Do. 
Outlet  through  Great  brook.    Area  as  given  by  Walling. 


General  Theodore  G.  Ellis  has  given  the  least  discharge  of  this  river  as  500  cubic  feet  per  second.(a)  This  is  a 
high  discharge,  corresponding  very  nearly  to  a  cubic  foot  per  second  per  square  mile  of  drainage  area,  and,  judging 
also  by  the  experience  of  the  mills  on  the  river,  seems  considerably  too  large.  In  the  same  report,  written  in  1874, 
General  Ellis  placed  the  greatest  discharge  at  about  28,600.  cubic  feet  per  second,  but  subsequently,  in  the  great 
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freshet  of  December,  1878,  this  figure  was  certainly  much  exceeded.  In  bis  report  upon  a  plan  for  protecting  the 
town  of  Westfleld  from  damage  by  floods,  Mr.  Hiram  F.  Mills,  of  Lawrence,  gave  the  greatest  flow  of  the  river 
during  the  freshet  alluded  to  at  53,0'00  cubic  f(iet  per  second  on  the  Salmon  Falls  dam  and  46,000  cubic  feet  per 
second  on  the  Agawam  Canal  Company's  dam. 

Ascending  the  Westfleld  river,  smooth  water  continues  from  the  mouth  to  within  a  quarter  of  a  mile  or  so  of 
Mittineague,  where  is  located  the  flrst  dam.  A  rocky  shoal  then  begins  and  stretches  up  past  the  village,  being 
interrupted  only  by  the  fall  and  slack-water  of  the  dams.  The  banks  are  rather  high  and  steep,  and  in  places  rise 
vertically  from  the  river,  being  composed  of  a  shaly  red  sandstone  which  crumbles  away  with  exposure. 

The  lower  privilege  at  Mittineague  is  owned  by  J.  L.  Worthy.  A  low  timber  dam,  resting  on  a  rock  ledge, 
runs  diagonally  across  the  river,  with  a  mill  at  each  end.  On  the  south  side  power  is  leased  to  the  Worthy  Paper 
Company,  manufacturers  of  flne  writing-  and  ledger-papers.  The  tail-race  on  this  side  runs  for  au  eighth  of  a  mile 
down  stream  beside  the  bank,  in  order  to  gain  advantage  of  the  shoals  below  the  dam.  The  fall  on  the  privilege 
is  nominally  10  feet,  but  is  practically  only  about  8  feet  much  of 'the  time,  the  tail-race  having  filled  up  somewhat. 
At  the  north  end  of  the  dam  is  a  2  run  grist-mill  owned  by  Mr.  Worthy  and  leased  to  H.  C.  Bouton.  The  paper- 
mill  runs  part  of  its  machinery  10  hours  and  part  24  hours  per  day.  It  has  the  first  right  to  water,  and  throughout 
ordinary  years  has  a  sufficient  supply,  but  for  two  months  in  the  summer  of  1882  could  only  run  at  two-thirds 
capacity,  and  the  grist-mill  was  shut  down  altogether  during  that  time.  Backwater  from  the  Connecticut  troubles 
here  during  freshets,  and  especially  when  the  two  streams  are  high  at  the  same  time.  The  ordinary  depth  of 
backwater  on  the  wheels  from  freshets  is  perhaps  2  feet,  and  6  feet  is  reached  in  extreme  cases;  the  former  amount 
may  last  three  or  four  days,  but  the  paper-mill  is  never  entirely  stopped  by  backwater  for  more  than  two  days.  Ice- 
gorges  sometimes  form  in  the  river  below  and  produce  a  temporary  set-back,  but  hinderance  from  this  source  is 
neither  serious  nor  lasting. 

The  Agawam  Canal  Company's  privilege,  in  the  same  village,  succeeds  the  one  just  described.  A  timber  dam, 
with  roll-way  457  feet  long  and  18J  feet  high,  extends  across  the  river  half  a  mile  or  more  above  the  mills.  A  canal 
runs  down  the  north  bank  past  the  rapids,  and  supplies,  in  order,  the  Southworth  Company,  manufacturers  of 
fine  writing  and  ledger  paper;  the  Agawam  Canal  Company,  owners  of  the  power  and  manufacturers  of  cotton 
goods — sheetings,  shirtings,  and  drillings;  and  the  Agawam  Paper  Company,  engaged  in  the  manufacture  of  fine 
writing  paper  and  bristol-board.  Backwater  from  this  dam  reaches  only  about  a  third  of  a  mile,  and  is  succeeded  by 
a  second  dam,  a  log  structure  with  roll-way  358  feet  long  and  6  feet  high,  which  sets  back  the  stream  perhaps  2 
miles  with  an  average  width  of  say  300  feet.  Ko  power  is  used  here,  and  the  reservoir  merely  serves  to  pond 
water  for  the  use  of  the  mills  below. 

Including  both  fallSj  the  canal  company  owns  in  all  about  39  feet,  6  feet  at  the  reservoir  dam  and  33  feet  at 
Mittineague.  At  the  latter  point  the  fall  from  the  canal  to  the  river  varies  from  29  feet  at  the  Southworth  mill, 
to  33  feet  at  that  of  the  Agawam  Paper  Company.  The  canal  company  has  leased  132  horse-power  to  each  of 
the  other  two  companies,  and  itself  runs  wheels  having  an  aggregate  rated  capacity  of  350  horse-power. 
There  is  good  building-room  near  the  railroad  station  for  another  large  mill,  but  unfortunately  power  is  lacking, 
and  the  privilege  is,  practically,  fully  developed ;  an  additional  mill  could  not  be  sure  of  water  for  more  than  six 
or  eight  months  in  some  years.  For  four  years  previous  to  the  summer  of  1882  there  was  constantly  enough  water 
for  all  the  mills,  but  during  that  season  the  supply  ran  short  and  caused  more  or  less  stoppage  at  the  lower  mill. 
For  two  months  it  was  necessary  to  rely  largely  upon  the  reservoir;  for  one  month  it  did  not  fill  "at  night,  and  the 
water-surface  was  at  times  from  26  to  32  inches  below  the  crest  of  the  dam  in  the  morning.  The  practice  is  to 
draw  down  the  reservoir  not  more  than  45  inches,  as  below  that  level  sufScient  water  is  not  obtained  to  be  of  much 
assistance. 

Anchor-ice  runs  in  the  canal  and  bothers  somewhat  by  clogging  the  wheels,  but  they  are  never  stopped  more 
than  two  or  three  hours  from  that  cause.  As  has  been  mentioned  concerning  other  'Eew  England  privileges,  so 
here  trouble  has  occasionally  been  experienced  from  the  canal  having  been  drawn  down  in  winter  so  that  the  thick 
surface-ice  settled;  the  water  afterward  rose  on  top  of  the  ice,  and,  freezing,  formed  so  thick  a  mass  as  seriously  to 
interfere  with  the  flow. 

At  Mittineague  the  land  rises  from  the  river  to  hills  of  moderate  height,  and  then  spreads  out  gently  undulating. 
It  is  fairly  cultivated  In  tobacco  and  corn,  and  shows  occasional  patches  of  timber.  Above  the  village  the  stream 
comes  through  a  range  of  hills,  and  then,  for  a  long  distance  above,  its  course  lies  through  a  level  plain,  in  which  is 
Westfleld,  the  most  important  place  on  the  river.  The  stream  appears  to  be  generally  quite  flat  in  this  section,  and 
although  the  table  of  elevations,  previously  given,  indicates  a  fall  of  39  feet  from  the  top  of  Horton's  dam  at 
Westfleld  to  the  top  of  the  lower  Agawam  dam,  or  over  20  feet  between  the  foot  of  Horton's  dam  and  the  top 
of  the  upper  Agawam  dam,  this  latter  fall  seems  to  be  nearly  all  utilized  in  giving  the  stream  a  smooth,  uniform 
flow  without  shoals  of  any  importance;  and  diligent  inquiry  only  elicited  the  opinion  that  there  is  no  available 
privilege  in  this  distance.  It  was  stated  that  some  years  ago  the  Agawam  company  talked  of  raising  its  upper  dam 
4  feet,  and  that  objection  was  made  by  the  owners  of  the  lower  privilege  on  Little  river  from  fear  of  backwater. 

The  dam  at  Westfleld  is  close  by  the  Boston  and  Albany  railroad  station,  and  near  the  foot  of  what  were 
formerly  called  the  "Half-mile  rapids",  a  series  of  rocky  shoals.     It  rests  mainly  u])on  a  rock  ledge,  which  ako 
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extends  out  under  the  north  bank,  but  which  suddenly  drops  away  on  the  south  side  of  the  river  before  reaching 
the  bank.  The  old  dam  rested  entirely  on  the  ledge,  but  after  the  flood  of  December,  1878  {a)  it  was  extended  at  the 
south  end  in  beyond  the  ledge,  over  a  quicksand  bed,  and  there  rests  upon  a  foundation  of  piles.  The  present 
length  of  the  roll-way  is  stated  to  be  about  450  feet  and  its  height  6  or  7  feet;  it  is  built  of  logs.  The  mills  and 
shops  are  located  at  either  end  of  the  dam,  and  are  of  small  size,  there  being  two  or  three  establishments  in  a  single 
building.  On  the  north  side  are  a  saw  mill  and  planing  mill,  a  4-run  grist-mill,  a  machine-shop,  the  Acme  Whip 
Company's  works,  the  Warren  Thread  Mill,  the  Pierce  Steam  Heating  Works,  and  a  concern  for  the  manufacture 
of  cotton-waste;  on  the  south  side  are  two  shops  manufacturing,  respectively,  whip-snaps  and  whip-stocks. 

This  privilege  is  owned  by  Mr.  Samuel  Horton,  who  rents  power  to  the  various  manufacturers.  The  fall  is 
about  10  feet,  and  the  effective  horse-power  is  estimated  at  from  300  to  500  for  the  greater  part  of  the  year;  150  or 
200  horse  power  is  now  in  use.  The  pondage  above  the  dam  is  not  large,  being  confined  within  the  natural  banks  of 
the  stream.  In  the  dry  season  the  supply  of  water-is  liable  to  be  very  irregular;  when  the  mills  farther  up  stream 
are  allowing  their  ponds  to  fill,  scarcely  any  water  comes  down,  and  the  power  sinks  very  low  for  a  time.  Such 
occurrences  are  exceptional,  however,  and  aside  from  those  times  the  available  power  may  be  estimated  as  below: 


Estimate  of  potcer  at  Horfon^s  pruilege,  Westfield. 


Stage  of  river. 

RAINFALL  ON  BASIN. 

Draiuiige 
area. 

Flow  per 
second, 

average 
for  the 

24  hours. 

Theoretical  horse- 

Spring. 

Summer. 

Autumn. 

Winter. 

Tear. 

power. 

Inches. 

Inches. 

134 

Inches. 
14 

Inches. 
lOJ 

Inches.      Sq.  miles. 
50                 360 

Cubic  feet, 
r           80 
i          140 
I          210 

1  footfall. 
9.09 
15.90 
23.86 

lOfeetfaU. 
90 
160 
240 

Available  10  montlis,  average  year. . . 

For  3  or  4  miles  above  Westfleld  the  course  of  the  river  continues  through  a  flat  country,  with  no  woods  oi 
consequence,  but  settled  and  cultivated;  the  bed  is  gravelly,  the  banks  are  of  only  moderate  heiglit,  and  there 
is  but  slight  fall  to  the  stream.  Near  what  is  known  as  the  "Four-mile  house"  it  issues  from  the  mountains,  and 
it  is  said  that  by  building  a  dam  just  above  this  point  and  running  a  canal  out  upon  more  open  ground  a  fine 
privilege  could  be  developed.  The  fall  in  this  section  is  owned  by  various  parties  having  land  adjacent  to  the 
course  of  the  stream  and  the  amount  available  for  such  a  power  as  has  been  mentioned  would  of  course  be  governed' 
by  the  height  of  dam  and  length  of  canal.  Between  the  foot  of  the  Vernon  property  at  Salmon  Falls  and-the  top  of 
Horton's  dam  at  Westfleld  there  is  an  unimproved  fall  of  54  feet,  the  power  of  which  can  be  judged  by  comparison 
with  the  estimate  made  for  Horton's  privilege. 

For  a  mile  above  the  Four-mile  house,  to  Salmon  Falls,  the  stream  lies  at  the  bottom  of  a  deep  valley,  the 
mountains  rising  on  either  side  with  steep  and  rocky  faces.  The  Boston  and  Albany  railroad  and  a  carriage  road 
follow  the  valley,  high  up  from  the  stream,  the  former  on  the  north  and  the  latter  on  the  south  side.  The  space  is 
too  contracted  for  the  improvement  of  water-power  in  this  portion,  but  at  Salmon  Falls,  5  miles  above  Westfield 
and  2  miles  below  Eussell,  the  valley  widens  out  somewhat  and  the  stream  foams  down  over  gi'eat  outcropping 
masses  of  granitic  rock. 

On  the  upper  part  of  the  falls  a  heavy  masonry  dam,  the  stones  tied  together  with  iron  dogs,  runs  in  an  irregular 
line  across  the  river  from  one  ledge  to  another,  the  mill  being  built  close  to  the  dam  on  the  south  bank.  The 
privilege  is  owned  by  Vernon  Brothers,  of  New  York,  and  is  occupied  by  the  Vernon  paper-mill  for  the  manufacture 
of  all  kinds  of  fine  writing  paper.  The  fall  in  use  is  24  feet,  and  the  proprietors  also  own  an  additional  fall  of  22 
feet  immediately  below,  extending  to  a  pool  at  the  foot  of  the  falls.  Five  water-wheels,  with  an  aggregate  capacity 
of  540  horse-power,  are  in  use,  and  in  an  average  year  can  be  run  at  full  capacity  about  nine  months.  For  the  rest 
of  the  time  the  supply  is  more  or  less  short,  but  it  is  estimated  that  240  horse-power  can  be  obtained  10  hours  per  day 
in  the  lowest  stage  of  the  river.  A  350  horse-power  steam-engine  is  run  during  low  water.  From  November,  1881,  to 
July,  1882,  the  works  were  ran  entirely  by  water-power,  but  from  that  time  on  to  at  least  the  middle  of  September, 
when  the  stream  was  visited,  steam  had  to  be  used  as  auxiliary  power.  The  pondage  here  is  not  great,  but  is 
sufficient  to  run  the  mill  for  several  hours  without  any  assistance  from  the  stream  during  that  time.  Two  hundred 
hands  are  employed,  and  part  of  the  works  are  run  10,  and  part  24,  hours  pr-r  day. 

Between  Salmon  Falls  and  Huntington  the  rise  continues  rapid,  amounting  to  123  feet  in  the  distance  named; 
the  bed  is  gravelly  or  rocky,  and  the  valley  is  much  of  the  way  narrow.  It  is  probable  that  several  good  privileges 
might  be  developed  here.  Perhaps  three-quarters  of  a  mile  above  Salmon  Falls  there  are  gravel  shoals,  and  on  the 
south  side  of  the  stream  the  land  rises  gradually  from  the  immediate  bank,  which  is  of  fair  height. 

About  a  quarter  of  a  mile  below  the  present  depot  at  Eussell  the  B6ston  and  Albany  railroad  formerly  crossed 

At  the  lower  crossing  a 


the  river;  it  then  continued,  say  three-quarters  of  a  mile,  up  the  west  bank  and  recrossed. 


a  DuriDg  that.flood  the  water  rose  14  feet  above  the  crest  of  the  dam.    The  roll-way  was  aftervyard  made  80  feet  longer  in  order  to 
give  greater  length  of  overfall  and  thus  to  diminish  the  rise  bove  the  dam  in  future  freshets. 
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granite  ledge  rises  20  feet  above  the  water  and  extends  across  the  river,  forming  most  of  the  way  a  natural  dam. 
Three  piers  and  the  west  abutment  of  the  old  bridge  still  remain.  At  the  road  bridge,  a  quarter  of  a  mile  up  stream, 
the  river  is  from  175  to  200  feet  wide.  It  continues  rapid  down  to  the  ledge,  and  probably  falls  0  feet  in  the  last  600 
feet.  Approaching  the  ledge  it  contracts,  runs  between  two  adjacent  bridge-piers,  and  at  one  point,  indeed,  is  at  low 
water  confined  to  a  width  of  10  or  15  feet.  There  is  good  building-ground  immediately  below  on  the  east  bank, 
adjacent  to  the  railroad,  and  "possibly  the  ledge  itself  could  be  conveniently  used  in  part  for  foundation.  The 
present  railroad  grade  is  about  23  feet  above  low  water  at  the  old  bridge  site,  and  in  improving  the  privilege  it 
would  be  necessary  t»  provide  a  sufficiently  long  roll-way  to  guard  against  a  rise  on  to  the  track  in  high  water,  but 
probably  a  dam  10  or  12  feet  high  could  be  raised  without  any  danger.  Or,  if  desired,  a  dam  could  be  built 
somewhat  above,  and  a  canal  run  down  the  west  bank.  Immediately  below  the  natural  dam  there  is  smooth  water 
for  some  distance. 

Estimate  ofpoiver  one-fourth  of  a  mile  below  Mussell  station. 


stage  of  river. 

Drainage 
area. 

Flow  per 
second, 

avcrnffo 
for  the 

24  hours. 

Tlicoretical  horse-power. 

Sq.  miles, 
i         325 

Cubic  feet, 
r           70 
i          120 
I          100 

1  foot  fall. 

7.95 

13.63 

21.  £8 

Wfeetfall. 
80 
140 
220 

15  feet  fall. 
120 
260 
320 

Available  10  months,  average  year 

The  upper  of  the  eld  railroad  crossings,  three-quarters  of  a  mile,  more  or  less,  above,  has  also  been  suggested 
as  a  good  site  for  a  dam.  The  bed  and  banks  are  there  gravelly,  the  latter  rising  25  or  30  feet  above  low  water, 
and  the  railroad  track  is  about  25  feet  above  the  stream  on  the  east  side.  If  a  dam  of  good  height  were  b'nilt  there 
and  a  canal  run  down  the  west  bank,  advantage  might  perhaps  be  taken,  part  of  the  way,  of  a  depression  inside 
the  old  railroad  grade;  but  if  carried  far  the  canal  would  be  likely  to  encounter  some  rock. 

Between  Eussell  and  Huntington,  and  about  2^  miles  by  road  below  the  latter  point,  is  Ohapin'  &  Gould's 
paper-mill,  employing  120  hands  in  the  manufacture  of  blank-books.  The  dam  has  a  roll-way  about  200  feet  long, 
and  runs  out  upon  massive  ledges  which  here  fill  the  stream.  It  is  in  two  sections,  which  from  the  shores  make 
an  angle  with  its  vertex  down  stream.  Formerly  the  structure  was  entirely  of  stone,  but  in  the  flood  of  1878  it 
was  partially  carried  away,  and  one-half  has  since  been  replaced  by  a  crib-work  bolted  to  bed  rock  and  filled  with 
loose  stone.  The  fall  on  this  privilege  is  21 J  feet,  and  the  wheels  used  have  an  aggregate  capacity  of  316  horse-power. 
The  mill  runs  24  hours  per  day,  and  can  be  operated  at  full  capacity  by  water-power  ten  or  eleven  months  in  an 
average  year.  Messrs.  Chapin  &  Gould  also  own,  and  hold  for  their  own  use,  18  or  20  feet  of  fall  immediately  below 
this  privilege. 

The  next  power  is  at  Huntington,  a  short  distance  above  the  mouth  of  the  West  branch.  It  is  owned  and 
occupied  by  the  Chester  Paper  Company,  employing  70  hands  in  the  manufacture  of  writing  paper.  The  dam  is 
built  upon  a  rock  ledge  most  of  the  way  across,  but  the  ledge  drops  away  before  reaching  the  east  bank,  and  there  a 
portion  of  the  dam  and  the  east  abutment  rest  upon  quicksand.  The  structure  is  a  log  crib- work  with  stone  filling. 
It  was  originally  started  as  a  stone  dam,  but  the  foundation  proving  unsuitable  the  plan  was  changed  and  the  dam 
built  as  stated.  It  has  a  straight  roll-way  aoout  266  feet  long  between  abutments ;  the  height  at  the  crest  is  14  feet, 
from  which  point  there  is  a  slope  both  ways,  the  down-stream  slope  being  prolonged  by  an  apron-making  a  small 
angle  with  the  horizontal.  The  width  at  base,  from  the  foot  of  the  back  slope  to  the  end  of  the  apron,  is  about  50 
feet.  The  main  part  of  the  dam  was  built  in  1870,  but  the  flood  of  1878  carried  away  the  east  abutment  and  made  it 
necessary  to  extend  the  roll-way  60  or  70  feet.  The  mill  was  also  injured  at  that  time,  and  a  three  months'  stoppage 
of  work  was  forced.  The  original  dam  cost  $14,000,  and  the  repairs  made  in  1879  cost  $8,000.  The  east  abutment 
is  DOW  a  crib-work.  The  west  abutment,  which  rests  upon  rock  and  is  upon  the  same  side  of  the  river  as  the  mill, 
is  heavily  built  of  cemented  masonry,  measures,  at  the  top,  11  feet  with  the  stream  by  20  feet  inshore,  and  rises 
about  10  feet  above  the  crest  of  the  dam.  It  is  continued  in  shore  and  up  shore  by  a  masonry  bulkhead  and  river- 
wall,  the  former  pierced  by  three  gate-openings  each  about  2^  by  4  feet  in  size.  The  pond  is  of  moderate  size,  and 
flows  but  very  little  beyond  the  natural  banks  of  the  stream.  At  the  mill,  which  is  immediately  below  the  bulkhead, 
a  fall  of  from  14  to  16  feet  is  obtained,  and  old  wheels,  estimated  to  furnish  in  the  aggregate  about  140  horse-power, 
are  run.  This  amount  of  power  can  be  realized,  it  is  thought,  24  hours  in  the  day  for  nine  months  in  the  average 
year ;  the  flow  is  quite  variable,  however,  and  during  the  two  months  of  July  and  August,  1882,  the  works  could 
not  be  run  at  more  than  one-fourth  capacity  a  part  of  the  time. 

The  Chester  Paper  Company  owns  the  right  to  a  reservoir  on  Norwich  hill,  in  the  town  of  Huntington.  It  is 
a  natural  pond  of  100  acres  or  more,  raised  by  a  dam  so  as  to  flow  not  over  200  acres,  and  could  be  drawn  down  8 
or  10  feet.  A  dispute  with  the  county  commissioners  as  to  the  character  of  certain  improvements  in  the  dam  caused 
the  use  of  this  reservoir  for  storage  purposes  to  be  given  about  the  year  1880  or  1881.  It  could  be  relied  upon  to 
fill  only  once  during  the  year.  It  is  a  general  opinion,  and  undoubtedly  a  correct  one,  that  the  main  branch  of  the 
Westfield  river  might  be  well  reservoired.  257 
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Immediately  succeeding  the  privilege  last  described,  aud  situated  close  to  the  village  of  Huntingtoli,  on  the 
main  stream,  is  a  power  owned,  two-thirds  by  W.  P.  Williams  and  one  third  by  H.  E.  Stanton.  It  is  used  for  the 
manufacture  of  ax-handles,  and  by  a  saw-mill  and  a  grist-mill.  When  all  the  works  are  running  it  is  estimated  that 
about  75  horse-power  is  in  use,  and  in  very  low  stages  of  the  river  there  is  no  surplus  water.  The  dam  is  a  log  crib- 
work  with  stone  filling,  has  a  sloping  face,  and  a  horizontal  apron  11  feet  wide.  It  rests  partly  on  ledge  rock  and 
partly  on  gravel ;  the  east  abutment  is  of  crib-work,  and  the  west,  next  the  mill,  of  stone.  The  dam  is  260  feet  long 
between  abutments,  8  or  9  feet  high,  36  feet  wide  at  the  base,  including  the  apron,  aud  was  built  in  1875  at  a  cost  of 
$9  000,  The  flood  of  1878  washed  around  the  east  abutment,  and  75  feet  into  the  adjacent  high  gravelly  bank,  but 
did  not  injure  either  the  abutment  or  the  dam.  Immediately  from  the  gate  at  the  west  end  of,  the  da'm  water  is 
carried  through  a  wooden  tube' of  4  feet  internal  diameter,  first  to  the  grist-mill  and  then  to  the  saw-mill.  The 
present  fall  is  about  10  feet,  but  by  excavating  the  tail-race  it  is  to  be  increased  to  12  feet.  The  ireshet-rise  on  the 
dam  is  ordinarily  from  3  to  5  feet  but  in  December,  1878,  it  was  12  feet. 

Ascending  the  main  or  East  branch  of  the  Westfleld  river  above  Huntington  the  fall  is  found  to  be  rapid  and 
constant;  it  is  said  that  a  railroad  survey  has  shown  the  average  descent  from  West  Chesterfield  to  Huntington, 
a  distance  of  12  or  14  miles  by  general  course,  to  be  18  feet  per  mile.  The  river-bed  is  composed  of  ledge  rock 
at  many  points,  and  elsewhere  of  gravel  and  bowlders.  The  banks  are  variously  of  gravel  or  rock,  and  are  of 
good  height.  The  flowage  would  not  commonly  be  large,  although  such  might  be  obtained  in  places  by  a  high 
dam.  The  ralley  is  frequently  narrow,  with  high  steep  banks  to  the  stream ;  but  there  are  numerous  intervales 
where  the  hills  recede  and  the  river  is  bordered,  usually  on  one  side  only,  but, sometimes  on  both  sides,  by  narrow 
meadows.  The  immediate  valley  is  sparsely  settled,  and  often  contains  the  poorest  land.  The  hill-slopes  rise  on 
either  side  abrupt  and  rooky,  well  wooded,  and  where  cleared  are  mainly  devoted  to  pasturage.  But  ascending  out  of 
the  lower  valley  the  country  stretches  away,  still  hilly,  but  with  long,  gentle,  and  beautiful  slopes  of  fine  farming  land. 
Grass,  cjrn,  potatoes,  and  stock  are  principally  raised.  In  the  vicinity  of  Huntington  chestnut  and  red-oak  are 
the  chief  varieties  of  timber.  Chestnut  continues  for  10  miles  up  the  main, stream  and  4  miles  up  the  Middle 
branch,  aud  is  succeeded  by  hard  wood  and  hemlock  above  on  both  streams.  In  the  neighborhood  of  West 
Chesterfield  beech,  birch,  and  maple  are  the  more  common  trees. 

Freshets  and  ice-runs  are  probably  more  noticeable  on  this  part  of  the  main  river  than  toward  its  mouth, 
where  there  are  more  dams  and  a  greater  storage.  The  stream  rises  from  6  to  12  hours  after  a  heavy  rain,  and 
then  rapidly  recedes.  An  important  disadvantage  to  the  use  of  w  ater-power  in  this  section  is  the  absence  of  railroad 
facilities,  the  Boston  and  Albany  railroad  leaving  the  main  river  at  Huntington  and  running  up  the  West  branch. 

There  is  no  power  in  use  between  West  Chesterfield  and  Huntington,  although  there  is  a  large  fall,  of  probably 
over  200  feet,  in  this  distance.  A  considerable  portion  of  this  might  doubtless  be  put  to  use,  and  a  few  of  the  more 
prominent  sites  will  here  be  considered. 

At  Norwich  Bridge,  a  mile  aud  a  half  above  the  point  of  union  with  the  West  branch,  a  rude  dam  of  cobble- 
stones years  ago  diverted  water  into  a  race  which  ran  250  feet  down  the  east  bank  to  a  satinet-mill.  The  dam  was 
carried  away  in  an  October  freshet  and  the  power  went  into  disuse.  The  location  is  fair,  but  it  would  not  be 
practicable  to  build  any  but  a  low  dam,  becadse  the  banks  are  low  above.  The  river  is  about  140  feet  -wide  at 
Norwich  Bridge,  aud  between  that  point  and  the  next  privilege  to  be  described  the  Middle  branch  comes  iu. 

The  next  power  is  owned  by  Mr.  S.  S.  Stowell,  who  resides  a  short  distance  below  Norwich  Bridge  t)n  the  cast 
side  of  the  river.  The  stream  cuts  through  a  gorge,  and  is  hemmed  ii^by  rocky  walls  rising  almost  vertically  from 
.30  to  50  feet ;  it  dashes  thi'ough  this  cut  with  rapid  fall  over  rock  ledges.  Every  facility  is  offered  for  a  dam,  stroiis;- 
and  secure,  of  almost  any  desired  height;  while  above  and  below  the  gorge  the  hills  recede  so  as  to  offer,  in  the 
one  case  large  flowage,  and  below,  a  fine  site  for  canal  and  buildings.  Two  rocky  shoulders  projecting  on  eitht^r 
side  of  the  river  present  natural  abutments  for  a  dam,  which  would  run  diagonally  across  the  stream,  with  a  length 
of  probably  from  200  to  250  feet.  A  canal  could  then  be  carried  out  on  the  west  bank  a  little  way,  that  side  of  the  river 
being  the  more  favorable  for  building;  some  rock -blasting  would  very  likely  be  necessary.  Mr.  Stowell's  privilege 
is  2J  miles  by  road  from  Huntington,  and  certainly  possesses  fine  natural  advantages.  One-half  or  three-quarters 
of  a  mile  above  Stowell's  privilege  there  is  another  fine  site.  The  river  here  runs  south  aud  then  bends  sharply  to  the 
west.  The  east  bank  is  gravelly,  and  rises  steeply  from  the  water  25  feet  to  the  highway.  A  short  distance  back 
from  the  water  the  west  bank  also  rises  to  a  bill.  A  dam  of  good  height  could  be  built.  The  canal  would  naturally 
be  carried  on  the  west  bank,  aud  would  soon  strike  a  broad  flat,  surrounded  in  part  by  the  river-bend  and  with 
abundant  building-room.  The  river-bed  at  this  point  is  covered  with  gravel  aud  bowlders,  aud  is  aboutloO  feet 
wide  between  banks. 

At  Kuightville,  4  miles  above  Huntington,  the  river  runs  for  several  hundred  feet  between  almost  vertical 
cliffs,  with  swift  current  and  rapid  fall.  These  cliffs  rise  from  30  to  50  feet  at  once  from  the  water,  and  are  composed  of 
strata  of  mica-schist,  dipping  to  the  westward  at  an  angle  of  at  least  75  degrees.  The  stream  varies  in  width 
from  60  to  75  or  100  feet,  A  little  below  the  foot  of  the  gorge  a  ledge  of  gray  granite  runs  diagonally  across  the 
river  and  affords  a  splendid  site  for  a  dam.  The  rocks  project  from  3  to  7  feet  above  low  water,  and  so  completely 
close  the  channel  as  to  cause  an  abrupt  pitch  of  about  2  feet.  At  the  west  end  of  the  ledge  the  bank  rises,  rocky' 
and  nearly  vertical,  30  feet  or  so.  The  east  bank  also  shows  ledge  rock  close  to  the  water,  but  farther  back  it  is 
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covered  with  a  gravelly  soil  and  lias  a  gentle  rise.  A  high  dam  could  be  built  here,  and  a  mill  located  either  at 
its  east  end  or  upon  a  short  race  to  be  run  down  that  bank.  The  valley  is  sufficiently  open  to  accommodate  a 
mill  of  good  size  and  a  moderate  number  of  houses  within  a  convenient  distance,  but 'the  location  is  not  suited  to 
a  large  village.  A  number  of  years  ago  the  power  here  was  in  use  by  a  saw-mill,  a  grist-mill,  a  bedstead-shop,  and  a 
large  factory  for  the  manufacture  of  children's  carriages  and  sleds.  The  owners  at  that  time  had  not  much  capital, 
and  the  power  was  never  fully  improved.  The  dam  was  built  upon  the  granite  ledge  which  has  been  mentioned,  and 
was  a  wooden  structure;  it  was  partially  destroyed  in  1869,  and  two  years  later  the  remainder  was  swept  away. 
At  present  two-thirds  of  the  privilege  is  owned  by  Alonzo  Clark,  of  New  York  city,  and  one-third  by  Webster 
Herrick,  of  Northampton,  Massachusetts.  The  available  fall  owned  is  stated  at  21  feet,  the  power  corresponding 
to  which  may  be  estimated  as  below : 

Estiinuie  of  power  at  KnighMlle. 


stage  of  river. 

UAINFALL  ON   DASIN. 

Drainage 
area. 

Flow 

per  second, 

average 

for  the  24 

hours. 

Theoretical  horse- 

Spring. 

Summer. 

Autumn. 

Winter. 

Tear. 

power. 

Low  Tvater,  dry  year 

Inches. 

Inches. 
13 

Inches. 
13i 

Inches. 
10 

Inches. 

48 

Sq.  miles. 
158 

Cubic  feet, 
r            30 
50 
L            80 

1  .footfall. 
3.41 
0.68 
9.09 

2lfc-etfaU. 
70 
120 
190 

Low  water,  average  year 

Available  10  months,  average  year. . . 

At  the  road  bridge  shortly  above  Knightville  the  river  measures  from  90  to  100  feet  in  width.  A  half  mile  or 
so  above  that  village  a  dam  could  be  built,  though  the  banks  are  not  esptcially  favorable,  and  a  canal  could  be  run 
down  the  left  bank  to  a  flue  open  spot.  Above  this  point  the  highway  is  low  and  near  the  i-iver,  and  any  but  a 
low  dam  at  the  locality  mentioned  would  probably  cause  it  to  be  overflowed  during  high  water. 

Within  about  5  miles  of  West  Chesterfield  the  valley  grows  narrower,  and  building-room  is  not  so  abundant 
as  below.  Some  4(a)  miles  below  the  village,  and  close  by  the  carriage-road,  a  rock  ledge  crosses  the  river  between 
high  banks.  A  canal  could  be  extended  a  short  distance  on  the  right  bJlnk,  and  room  would  be  obtained  for  a  mill 
of  moderate  size,  but  the  space  is  rather  limited.  Below  the  ledge  the  left  bank  is  alluvial  and  sandy  in  places.. 
The  river  is  here  from  75  to  100  feet  wide,  and  the  rock  strata  are,  as  elsewliere  in  this  section,  nearly  or  quite 
vertical.    The  privilege  is  a  fairly  good  one. 

Just  above  this  locality  there  is  an  old  log  dam  running  in  a  V-shape  across  the  stream  on  a  ledge.  It  is  leaky, 
and  in  poor  condition  generally;  the  north  end  is  broken  away,  and  all  the  water  of  the  stream  passes  through  the 
breach  and  through  the  old  dry-stone  bulkhead  immediately  adjacent.  The  mill  is  gone,  and  there  is  but  little 
building-room  close  to  the  dam,  though  by  carrying  a  race  100  feet  down  the  bank  abundant  open  space  would  be 
reached  where  a  valley  puts  back  from  the  river.     The  fall  over  the  dam  is  probably  not  more  than  G  feet. 

About  a  mile  below  West  Chesterfield  the  stream  is  inclosed  for  a  considerable  distance  by  smooth  vertical 
walls  of  solid  rock,  rising  on  the  west  side  20  or  25  feet  from  low  water,  and  still  higher  on  the  opposite  side.  The 
river  is  perhaps  from  100  to  150  feet  wide,  and  the  west  bank  is  succeeded  by  open  ground  suited  to  building. 
Many  years  ago  the  river  is  said  to  have  been  dammed  at  this  point  and  power  to  have  been  used  by  a  wooleu-mill 
and  two  saw-mills,  but  they  were  all  carried  away  in  a  great  flood  in  January,  1839.  The  stream  is  so  confined 
by  the  vertical  walls  which  hem  it  in  that  a  dam  of  any  considerable  height  in  the  goi'ge  would  probably  cause  a, 
dangerous  rise  during  high  freshets.  In  December,  1878,  the  river  is  said  to  have  risen  here  34  feet  above  low 
water  and  to  have  ovoiflowed  its  high  banks. 

The  last  privilege  to  be  noticed  is  in  West  Chesterfield  and  is  owned  by  Seth  A.  Healy.  A  V-shaped  log  dam 
extends  across  the  river,  with  dry-stone  abutments,  and  a  roll-way  about  150  feet  long.  A  race  perhaps  a  third  of 
a  mile  long  runs  down  the  east  bank  to  a  small  factory,  where  are  made  plane-handles,  saw-handles,  and  gun- 
tubes.    The  fall  on  the  privilege  is  stated  to  be  17  feet. 

No  examination  was  made  farther  up  this  stream.  There  is  said  to  be  no  other  power  in  use  before  reaching^ 
Cummington,  where  there  is  a  paper-mill,  with  some  other  concerns  of  small  size.  At  West  Chesterfield  the  ordinary 
spring-freshet  rise,  where  the  river  runs  freely,  is  about  4  feet ;  but  in  December,  1878,  there  was  a  depth  of  12  feet 
on  the  dam,  the  banks  were  flooded,  and  much  damage  was  done.  Ice  of  an  ordinary  thickness  of  about  2  feet  runs 
down  the  stream  in  spring,  and  occasionally  gorges  in  this  section,  though  not  often. 


a  These  distances  were  estimated,  and  may  not  he  accurate. 
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Principal  water-privileges  on  the  Westfield  river,  from  West  Chesterfield  to  the  mouth. 


Drainage 
area. 

Fall. 

THEOKETICAL  HOKBE-POWER. 

— — . =^=^ 

Locality. 

Low  water, 
dry  year. 

Low  water, 

average 

year. 

Available 

ten  months, 

average 

year. 

Eemarks. 

Sq.  miles. 
109 

Feet. 
17 

Power  used,  in  part  at  least. 

Ortfi  inilp  below  "We'^t  Chesterfield  (Cb\ 

62.27 
62.27 
63,41 
70.00 
64.54 
64.54 
64.54 

63.98 
63.98 
65.68 
120.  00 
67.95 
67.95 
67.95 

66.82 
66.82 
69.09 
190. 00 
613.63 
613.63 
613.63 

Kooky  gorge. 

Four  miles  below  "West  Chesterfield  (a) 

116 



Has  log  dam,  say  6  feet  high. 
Good  site. 

Knir^htville  {a)                   

158 

21 

Power  formerly  nsed. 

Good  site. 

Stowell's  privilege.    Fine  power.   . 

220 

Formerly  nsed.    Small  power. 

Privilege  owned  by  W.  P.  Williams  and  H.  E.  Stanton.    In 
use  by  eaw-mill,  grist-mill,  and  ax-handle  factory. 

140  horsepower  in  use  by  Chester  Paper  Company. 

316  horse-power  in  use  by  Chapin  &  Gould's  paper-milL 

Owned  by  Chapin  &  Gould.    liTot  utilized,  butreserved  for 

their  use. 

12  . 

14-16 

21i 

18-20 

Do 

Do           ..              

67.95 
67.95 

650.  00 

613.63 
613.63 

1, 120.  00 

621.58 
621.58 

1,  770.  00 

325 

Old  Boston  and  Albany  railroad  crossing.    Eock  ledge  and 

82  ± 

24 

22 

good  site. 

340 

540  horse-power  in  use  by  Vernon  paper-mill. 
Not  utilized-    Owned  by  "Vernon  Brothers- 
Stream  issues  from  mountains. 

Do 

Say  4  miles  above  'W'estfield 

349 

69.09 

490.  00 

90.00 

615.90 
860.  00 
160.  00 

623.86 

1,  290.  00 

240.  OO 

Salmon  Falls  to  "Westflt  Id 

54  + 

10 

6 

33 

■    8-10 

Westfield 

560 

Horton's  privilege ;  from  150  to  200  horse-power  in  nse. 
Eeservoir  dam-    K"©  power  used. 
Utilized  for  paper  and  cotton  manufacturing. 
Utilized  by  paper-mill  and  grist-mill. 

Do 

Do 

a  In  the  sites  here  mentioned  it  is  not  pretended  to  embrace  all  that  might  be  utilized,  but  only  some  of  the  more  prominent  ones.  As  previously  stated,  there 
is  probably  a  fall  of  over  200  feet  between  West  Chesterfield  and  Huntington.  Its  exact  amount  is  uncertain ;  ncne  of  it  is  in  use,  and  its  division  into  privileges 
must  depend  upon  circumstances. 

b  Per  foot  fall. 

Middle  braneh  of  the  Westfield  river. — The  Middle  branch  rises  in  the  town  of  Peru,  flows  thence  southeasterly 
Tjetween  Worthington  and  Middlefield  and  through  Plainlield,  joining  the  main  river  a  mile  or  two  above  Huntington. 
It  drains  54  square  miles.  This  stream  was  examined  for  about  8  miles  above  its  mouth.  In  general  features  it  is 
not  unlike  the  upper  part  of  the  main  river.  The  valley  is  shut  in  by  high  hills,  well  wooded  and,  where  cleared, 
mainly  devoted  to  pasturage.  The  width  between  the  bases  of  the  hills  is,  in  the  lower  valley,  perhaps  half  a  mile 
in  places,  but  farther  up  stream  it  seldom  exceeds  a  quarter  of  a  mile,  and  at  times  the  hills  rise  on  either  side  at 
■once  from  the  water's  edge.  Their  slopes  are,  generally  speaking,  steep,  and  frequently  very  rocky.  The  narrow 
strips  of  meadow-land  bordering  the  stream  are  devoted  to  grass,  corn,  and  potatoes,  and  along  the  lower  course 
sell  at  about  $25  per  acre. 

So  far  as  this  branch  was  csamined  it  differs  from  the  main  stream  in  not  running  through  the  narrow  canon-like 
gorges  such  as  are  found  along  the  latter.  There  is  no  difQculty  in  finding  banks  of  good  height,  but  there  are  also 
many  places  where,  on  one  side  at  least,  the  land  immediately  bordering  the  river  is  low.  The  carriage- road  now 
and  then  runs  along  these  low  places,  and  would  be  overflowed  by  raising  the  water-surface  much.  The  fall  is 
rapid,  especially  in  the  upper  waters,  and  on  that  account  and  because  of  the  narrow  character  of  the  valley  a  large 
pondage  would  not  in  general  be  practicable;  still  it  could  doubtless  be  obtained  at  points  by  a  high  dam  at  the 
foot  of  an  intervale  and  by  flooding  back  over  good  meadow-land.  The  bed  and  banks  are  gravelly  or  rocky,  and  the 
former  displays  many  bowlders;  here,  as  on  the  upper  main  river,  the  rock  strata  are  almost  vertical,  dipping  a 
little  north  of  west. 

A  large  amount  of  fall  remains  undeveloped,  and  though  the  stream  has  some  good  natural  advantages  for  power 
its  value  is  lessened  by  lack  of  any  railroad  facilities.  At  present  it  is  not  supplied  by  any  storage  reservoirs,  and 
the  volume  runs  very  low  in  a  dry  season;  but  it  is  said  that  reservoirs  are  practicable  on  the  upper  waters,  and, 
in  particular,  that  in  "West  Worthington  there  is  a  large  tract  of  swamp-land,  estimated  at  several  hundred  acres, 
which  could  be  flowed  to  good  advantage.  The  manufacturing  on  this  stream  is  mainly  in  small  articles  of  wood, 
and  years  ago  seems  to  have  been  more  important  than  now,  no  less  than  five  privileges,  once  improved,  having 
gone  into  disuse  on  the  portion  of  the  stream  which  was  visited. 
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Principal  water-]privileges  on  the  Middle  branch  of  the  Westjield  river. 


Locality. 


Town  of  WortUngton . 


Say  8  miles  from  Huntington  . . 
North  Chester 


Do. 


Day  ville 

Do 

Dayville  to  Littleville  . 


LittleviUe  . 


Do. 


Owner  or  user. 


George  H.  Miller. 


Heirs  of  Elias  Howe 

Herman  Powers,  of  Korth 
Chester. 


Herman  Powers  . 


Llttleville  to  Sloan's  privilege . 
Not  oyer  half-mile  from  mouth. 


M.  B.  Prouty  &  Son . 
H.E.Day 


B.  B.  Eastman 


Oliver  Eastman . 


John   Sloan,    of  Hartford, 
Connecticut. 


Manufacture  or  l(inil  of  mill. 


Saw-mill  and  variety  wood- 
wort. 


Unoccupied. 
do 


.do  . 


Shoe-pegs  and  l-run  griat- 


»6-peg£ 
lill.    ^ 


Shoe-pegs,  whip-butts,  and 
saw-mill. 


Fall  unimproved  . 


Whip-butts . 


Wooden  bowls     and 
mill. 

Unimproved 

Unoccupied 


Fall. 


Feet. 
10 


171 


U 


14-15 


9-11 


Eemarlts. 


101 


North  Chestcrpost-ofEce.  Uses  2  wheels  and  about  40  horse- 
power. Considers  privilege  good  for  40  horse-power  8  mouths 
m  an  average  yeai' }  during  the  remaining  time  it  may  run  as 
low  as  10  or  15  horse-power.  During  the  summer  or  1882  it 
ran  below  10  horse-power,  and  for  one  month  the  pond  did  not 
flllat  niglit;  but  there  is  considerable  Icaljago  at  the  dam. 
The  latter  is  a  framed  and  log  structure  on  a  rock  ledge.  It 
makes  an  angle  down  stream,  and  is  105  feet  between  abut- 
ments by  12  feet  high.  It  was  built  about  1875,  and  cost 
approximately  $500. 

Formerly  in  use,  and  part  of  dam  still  remains. 

Seven  and  a  half  miles  from  Huntington.  Dam  is  .about  100 
feet  long  between  abutments ;  25  feet  of  this  is  stone,  and 
the  balance  framed.  It  is  30  years  old  and  needs  rcplankiug. 
Years  ago  woolen  goods  were  manufactured  heie,  and  after- 
ward cotton,  and,  in  1845, 150  hands  were  employed,  but  later 
on  the  mill  was  buined. 

Good  location,  with  rock  ledge  on  left  bank.  The  old  log  dam 
remains,  but  is  decayed  and  half  broken  away.  The  mill 
stands  in  part,  but  is  of  no  value. 

Log  dam  on  ledge ;  80  years  old,  about  120  feet  between  abut- 
ments and  7  feet  high.  Race  several  hundred  feet  to  mill. 
Can  run  full  capacity  about  9  months  in  an  average  year. 

Five  miles  from  HuntingtoD.  Low  framed  dam  about  100  feet 
long,  with  level  plank  apion  anddiy-stoneabutmeuTs,  diverts 
water  into  a  canal  15  or  20  feet  wide  and  200  or  300  feet  long. 

Stream  58  or  75  feet  wide.  Near  Littleville  there  was  a  large 
power  in  upe  30  years  ago  by  a  bedstead  factory,  which  was 
afterward  burned :  40  or  50  men  were  employed,  and  the 
buildings  were  of  large  size. 

Three  saws  are  run,  andabout  12,000  butts  are  made  per  week. 
A  log  dam,  3  feet  high  and  90  feet  long,  turns  water  into  a 
short  race.  The  water-wheel  was  made  by  Mr.  Eastman, 
and  is  novel  because  of  its  shallow  depth  and  the  small  head 
under  which  it  runs.  It  is  of  wood,  is  4  feet  in  diameter  and 
only  4  inches  deep.  It  is  estimated  by  the  owner  to  furnish 
several  borse-power,  and  will  run  the  mill,  it  is  claimed, 
wben  other  mills  on  the  stieam  can  not  run. 

Log  dam  over  100  years  old ;  on  rock  ledge ;  about  100  feet 
long  and  8  feet  high.    Perhaps  18  horse-power  in  use. 

Distance  of  11  or  2  miles. 

Formerly  used  in  the  manufacture  of  wooden  bowls.  Old  log 
dam  remains ;  it  is  from  75  to  100  feet  long  and  rests  on  ledge. 
The  wooden  flume  is  partly  gone,  but  the  old  mill  stands. 
Not  in  use  for  two  years  previous  to  1882. 


The  stream  rises  and  falls  rapidly.  .Three  feet  on  Miller's  dam,  the  uppermost  of  those  mentioned,  is  regarded 
as  a  large  rise,  and  the  ordinary  depth  does  not  exceed  18  inches ;  but  in  the  great  storm  of  December,  1878,  the  rise 
on  the  dam  was  8  feet,  and  the  banks  were  flooded.  The  dams  below  on  the  stream  were  injured  more  or  less,  and 
nearly  all  the  bridges  were  swept  away. 

West  branch  of  the  Westfield  river. — This  stream  possesses  the  two  advantages  over  either  of  the  other  branches 
of  the  Westfield,  of  being  skirted  through  almost  its  entire  length  by  the  Boston  aud  Albany  railroad ,  and  of 
being  well  reservoired.  Its  fall  is  very  rapid,  and  its  bed  is  composed  of  gravel  and  bowlders,  with  frequent 
outcropping  ledges.  The  immediate  valley  is  seldom  more  than  a  quarter  of  a  mile  wide  between  the  bases  of  the 
hills,  and  often  these  ascend  at  once  from  the  stream.  Their  slopes  may  be  described  as  in  general  steep,  quite 
rocky,  and  fairly  well  wooded.  There  are  occasional  small  villages  along  the  stream,  but  the  surrounding  country 
is  sparsely  settled.  Much  of  the  timber  has  been  cleared  away  and  replaced  by  pastures,  and  to  some  extent  by 
cultivated  fields,  on  which  corn  and  potatoes  seem  to  be  the  chief  crops.  The  rock  of  this  section  appears  to  be 
largely  granitic,  and  along  the  valley  are  found  deposits  of  quartz  and  feldspar  in  the  pure  state.  The  reservoirs 
are  all  on  the  headwaters,  and  nothing  more  definite  could  be  learned  about  them  than  as  follows: 

The  Bancroft  company,  at  Middlefleld,  controls  three  reservoirs :  Center  pond  is  perhaps  three-quarters  of  a 
mil«  long  and  a  quarter  of  a  mile  or  so  in  width;  it  is  a  natural  pond  raised  by  a  dam,  fills  regularly  every  year, 
and  caQ  be  drawn  down  about  10  feet.  Yokum  pond  is  of  smaller  size,  a  natural  pond  raised,  can  hd  drawn  down 
10  feet,  but  does  not  fill  regularly.  The  third  reservoir  is  a  new  one,  made  artificially  by  flowing  a  tract  of  swamp- 
land; it  is  the  largest  of  the  three,  has  an  extended  water-shed,  fills  readily,  and  can  be  drawn  down  12  or  13  feet. 
It  is  stated  that  this  reservoir  can  be  raised  5  feet  more,  and  can  also  be  connected  by  a  horizontal  cut  with  Yokum 
pond,  which  is  near  at  hand,  so  as  to  insure  the  filling  of  the  latter.  Another  large  tract  of  swamp  land  was  reported 
which  might  be  flowed  to  good  advantage,  and  which  was  considered  somewhat  as  a  site  for  the  reservoir  last 

described. 

At  Becket  a  company  whose  mill  is  not  now  in  operation  controls  two  reservoirs,  known  as  Eudd  pond  and 

Wheeler  reservoir. 
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On  a  side  stream  emptying  just  below  tbe  Bancroft  mill,  at  Middlefield,  Church  Brothers  are  said  to  have  a 
reservoir  and  to  use  power  at  the  outlet  for  a  woolen-mill. 

Six  reservoirs  have  been  mentioned.  Eegarding  the  area  of  two  of  these  no  information  whatever  has  been 
obtained;  the  remaining  four,  Center,  Yokum,  Wheeler,  and  Radd  ponds,  have  a  combined  area,  as  given  by  H.  F. 
Walling,(fl!)  of  477  acres. 

Water-privileges  hi  use  on  the  West  branch  of  the  Westfield  river  from  Middlefield  to  the  mouth. 


Locality. 

Firm. 

Manufacture. 

Fall. 

Eemai'bs. 

IWiddlefiold                                 .    - . 

Bulbley  Dunton  CoDipany  . . 
Bancroft  Mill 

News- and  wallpaper 

Feet. 
29 

21 
12 

m 

10 

Low  log  dam  wilh  Ifng  i-ace.    Uses  overshot  wheel  of  150 

Do 

horse-power.    Employs  20  hands. 

Cheap  log  dam   roll-way  estimated  at  ]25  feet  long  and  7  feet 
high;  water bioughtVomillthrouglialongraco.    Usesover- 
shot  wheel  of  110  horse-power,  and  can  lun  at  fuU  capacity 
by  water-power  10  months  in  an  average  year. 

Log  dam,  and  race  150  feet  or  more  in  length.    Two  wheels 
used,  of  40  liorfe-powcr  each,  and  can  ho  inn  at  full  capacity 
9  orlOmonlhsinanaverageyear.    J.  Keefomakesbedsteads 
and  Frank  Grant  &  Co.  make  corundum  wheels. 

Log  dam  with  log  apron ;  roll-way  fay  ]40  feet  long  by  ID  feet 
high.     Ufes  100  hor.se  power,  and  can  usually  run  at  full 
capacity  by  water-power  about  9  months  in  t'e  year,  hut 
during  the  pummer  of  1882  the  power  is  ostimate'd  to  have 
fallen  to  from  1.5  to  25  horse-power  much  of  the  time. 

Kude   dam   of  cobble-stones,  and  race  from  one  quarter  to 
one-third  of  a  mile  long.    Perhaps  10  horse-power  in  use. 
Wilcott  makes  toy  whips  in  a  small  way,  and  leases  power 
to  Nelson  &  Jndd  for  giinding  quartz  and  feldspar. 

Grinds  quartz  and  feldspar  obtained  fiom  neighboiing  mines, 
and  ships  th(^  pi-oduct  to  be  used  in  making  porcelain  and 
sandpaper.     Has  a  log  dam  70  or  75  feet  long  and  6  feet 
hiph,   with  sloping  face  18  feet  in  length.    Race  several 
hundred  feet  long  to  mill. 

Runs  5  sets  of  cards.    Log  dam  with  stone  tilling,  and  canal  500 
feet  in  length .    Has  suScient  water  1 0  months  in  an  average 
year. 

Timofby  Keefe  and  Gnrdon 
Bill  owners  of  privilege. 

Hampden  Emery  Co-npany . 
E.  Wilcott  owns  privilege  • 

Do   

Emery  and  corundum 

Do 

Spar  Hill,  justabove  Hnnting- 
ton. 

Euntingtou 

Chester  Mica  and  Porcelain 
Company. 

Highland  Mill 

14 

Above  Middlefield  there  was  reported  to  be  no  power  in  use  except  by  one  or  two  small  saw-mills  in  Becket. 
This  portion  of  the  stream  has  a  bed  of  gravel,  ledge  rock,  and  bowlders,  and  a  fall  of  80  feet  or  more  to  the  mile. 
The  abrupt,  rocky  slopes  quickly  shed  rainfall  into  the  river,  but  the  descent  of  the  latter  is  so  great  that  the  water 
is  quickly  carried  off,  and  freshets  cause  no  serious  trouble.  Slight  hiuderance  is  experienced  from  anchor-ice  in 
the  races  at  Middlefield. 

The  privileges  which  are  described  in  the  preceding  table  of  course  include  but  a  small  part  of  the  aggregate 
fall  of  the  stream.  According  to  the  profile  of  the  Boston  and  Albany  railroad,  there  is  a  total  descent  of  845  feet 
from  Becket  to  Huntington,  of  which  probably  not  more  than  15  per  cent.,  at  the  most,  is  utilized.  Much  more 
fall  might  be  improved  than  has  been,  but  a  considerable  portion  of  the  stream  has  but  little  value,  because  it  is  not 
easily  accessible.  About  a  quarter  of  a  mile  below  its  paper-mill  at  Middlefield,  the  Bancroft  Company  owns  and 
holds  for  sale  30  feet  of  unimproved  fall ;  this  privilege  has  the  benefit  of  the  water  from  Church's  reservoir.  Thence 
down  to  Chester,  in  which  distance  the  fall  is  probably  in  the  neighborhood  of  300  feet,  there  are  no  dams  on  the 
river.  The  carriage-road  leaves  the  stream  and  makes  a  wide  detour  over  the  mountains ;  thie  railroad  winds  along 
j.n  the  narrow  valley,  crosses  the  stream  frequently,  and  is  without  any  intermediate  stations,  and  the  stream  is  too 
inaccessible  to  have  any  importance  for  power. 

Little  river. — This  is  an  important  branch  joining  the  main  river  from  the  south  between  Westfield  and 
:Mittineague,  and  draining  87  square  miles.  Its  lower  course  is  through  flat  meadows,  where  it  has  low  banks  and 
tsli,glit  fall.  These  meadows  are  well  cultivated  in  corn;  though  low,  they  are  out  of  reach  of  ordinary  freshets 
from  Little  river,  and  it  has  overflowed  them  but  twice  in  20  years. 

The  first  privilege  above  the  mouth  is  that  of  the  Westfield  Power  Company.  A  crib-work  dam  crosses  the 
river,  and  has  abutments  of  piling  filled  in  with  gravel.  The  dam  is  297  feet  long  between  abutments,  5  feet  8 
inches  high  above  the  top  of  the  mud-sill,  and  has  an  extreme  width  at  base  of  24  feet,  including  the  apron;  the 
front  of  the  dam  rests  on  a  row  of  piles,  and  at  the  back  a  line  of  3-inch  priming  prevents  leakage.  From  the 
dam,  water  is  carried,  in  an  old  feeder  of  the  abandoned  New  Haven  and  Northampton  canal,  to  the  main  canal 
and  thence  into  Westfield,  a  total  distance  of  about  a  mile  and  a  half;  a  tail-race  a  mile  or  more  in  length  returns 
the  water  to  Little  river.  ThQ  power  company  owns  three  large  brick  buildings,  and  a  smaller  building  of  wood; 
in  these  it  rents  room  and  power  to  twelve  difterent  concerns.  One  of  these  makes  coflantrimmings,  another  emery- 
wheels,  and  the  remainder  are  all  engaged  in  the  manufacture  of  whips,  for  which  industry  Westfield  is  well  known 
to  be  the  main  center.  The  power  employed  is  small,  being  obtained  from  a  60  horse-power  steam-engine,  and  from 
an  18  horse-power  water-wheel  running  under  10  feet  head. 
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The  next  privilege,  only  a.  short  distance  above  the  lirst  dam,  is  occupied  by  Crane  Brothers,  manuiacturor-s 
of  fine  ledger  and  allliuen  paper.  They  own  20  feet  of  fall,  18  of  -which  is  practically  available  and  in  use.  The 
wheels  are  of  an  aggregate  of  200  horse-power,  all  of  which  is  in  use  when  it  can  be  obtained,  which  is  ordinarily 
about  eight  months  in  the  year.  The  stream  not  being  well  sustained,  however,  the  power  sometimes  falls  very 
low,  and  for  two  months  in  the  summer  of  1882  not  more  than  20  horse-power  could  be  realized  for  24  hours  in  the 
day.  The  roll-way  of  the  dam  is  200  feet  long  and  18  or  20  feet  high.  It  has  stone  abutments,  and  from  the  north 
end  an  embankment  250  or  300  feet  long  extends  to  the  gate-opening,  closely  adjacent  to  which  is  the  mill.  The 
dam  was  at  iirst  entirely  of  wood,  but  in  the  flood  of  1878  water  worked  around  the  south  abutment  and  carried 
it  away  in  i^art,  though  the  roll-way  stood  almost  entire.  The  water  at  that  time  rose  so  as  just  to  trickle  over  the 
embankment,  but  the  giving  way  of  the  abutment  relieved  the  pressure  and  saved  it.  The  force  of  the  water 
pouring  over  the  dam  was  tremendous,  and  tore  up  from  the  river-bed  below  great  masses  of  rock,  some  containing 
from  100  to  150  cubic  feet,  and  piled  them  up  in  a  line  across  the  stream  50  feet  below  the  dam.  The  abutment  and 
adjacent  25  feet  of  the  roll-way  were  rebuilt,  the  latter  of  stone  this  time  as  well  as  the  abutment.  The  main 
portion  of  the  dam  is  of  timber,  with  a  sloping  back  supported  in  front  by  vertical  and  farther  back  by  inclined 
braces.     It  is  bolted  down  to  a  rock  ledge  and  is  very  tight,  showing  no  leakage  of  consequence. 

A  short  distance  up  the  river  is  the  third  privilege,  utilized  by  the  Pultzo  &  Walkeley  Company  for  the 
manufacture  of  manila  paper.  This  company  employs  11  feet  fall  and  70  horse-power  of  wheels.  The  dam  is  about 
SO  years  old,  and  is  a  framed  structure  built  upon  a  rock  ledge  of  hard  red  sandstone. 

Above  this  point  there  are  said  to  be  no  important  powers  in  use  on  Little  river.  Its  upper  course  lies  through 
ii  hilly  wooded  country,  in  which  it  has  a  moderate  fall,  a  generally  rocky  bed,  and  firm  gravelly  banks.  Except 
that  it  runs  low  at  times,  the  stream  is  considered  a  good  one  for  manufacturing  purposes.  Its  water  is  soft  and 
pure.  It  rises  and  falls  rapidly,  but  might  be  rendered  much  more  uniform  and  better  sustained  in  droughts  by 
the  construction  of  reservoirs.  These  are  perfectly  practicable,  and  have  been  talked  of  somewhat,  though  there 
IB  no  present  prospect  of  their  being  built.  It  is  reported  that  land  for  flowage  is  cheap  in  the  upper  waters,  and 
that  in  the  town  of  Blandford  the  stream  drains  three  natural  ponds  which  might  be  made  useful  for  storage. 


THE   CHICOPEE   ElVER. 

The  Chicopee  river  drains  a  large  section  in  central  Massachusetts,  embracing  portions  of  the  four  counties  of 
Worcester,  Franklin,  Hampshire,  and  Hampden.  It  is  the  largest  tributary  of  the  Connecticut  river  in  respect  to 
drainage  ax-ea,  its  basin  containing  706  square  miles.  The  main  stream  is  formed  at  Three  Eivers  by  the  union, 
near  that  point,  of  the  Quaboag,  Ware,  and  Swift;  it  runs  thence  westerly  through  a  distance  of  15  miles,  and  joins 
the  Connecticut  river  approximately  midway  between  Springfield  and  Holyoke.  This  stream  and  its  tributaries  offer 
flue  facilities  for  the  use  of  water-power,  which  have  already  been  largely  availed  of.  The  railroad  communications 
are  good,  the  Boston  and  Albany  railroad  and  lines  controlled  by  it  reaching  the  greater  part  of  the  main  river  and 
its  three  principal  affluents.  The  country  drained  is  hilly,  but  the  valleys  are  sufficiently  open  to  accommodate  large 
villages  and  important  towns.  The  main  Chicopee  itself  has  gained  great  prominence  by  reason  of  the  extensive 
cotton  and  other  manufacturing  interests  carried  on  along  its  course.  Its  slope  is  considerable,  averaging  15  or 
more  feet  per  mile.  The  greater  part  of  this  fall  has  already  been  put  to  use,  and  in  the  autumn  of  1882  but  three 
undeveloped  privileges  were  found  along  the  whole  course.  One  of  these,  at  Southworth  falls,  was  then  being 
improved ;  another,  the  second  privilege  below  Three  Eivers,  was  about  to  be  developed ;  and  the  third,  immediately 
below  Three  Eivers,  was  owned  and  held  for  its  own  use  by  the  Otis  Company. 

Ulevations  of  points  on  the  Chicopee  river  and  Irihuiaries  {at  railroad  crossings). 


Locality. 


Quaboag  arid  Chicopee  rivers. 

East  Brootfleld 

West  BrookfleM 

Wiirren 

Palmer 

Month  of  Chicopee,  low  water  in  Connecticut  river. 
Ware  river. 


Cold  Brook  station. 
Barro  Plains . 

Gilbertville . . 


Enfield  . . . . 
Bond  svi  lie 


Elevation 
of  "water- 
surface 
above  sea- 
level. 


Feet 
60O 

596 

577 

306 

o  38-39 

655 
575 
647 


341 


Fall 
between 
points. 


Feet. 

4 
19 

271 
268 


80 
28 


.52 


Distance 
between 
points. 


Miles. 

8 
3 

11 
18 


Fall  per 

mile 
between 
points. 


Feet. 

0.5 

6.3 

24.6 

14.9 


26.7 
3.5 


a  Sec  Surveys  and  Explorations  of  the  Connecticut  Jiiiier,  by  Warren  and  Ellis. 
IfOTE.-Thes6  flevatiors  wire  kindly  fui-nished  from  the  piofiles  of  the  Boston  .ird  Albany  railroad  by  C.  O.  Enssell,  esq.,  general  superintendent.^ 
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In  his  report  upon  the  Connecticut  river,  General  Ellis  gives  the  least  discharge  from  the  Chicopee  at  669 
cubic  feet  per  second.  This  corresponds  to  0.95  cubic  foot  per  second  per  square  Tiiile  of  drainage  area,  and,  judging 
both  by  comparison  "nith  other  streams  and  from  the  statements  of  manufacturers,  seeais  too  large.  It  is  certain, 
however,  that  the  dry-season  flow  of  the  river  is  very  "well  sustained,  though  probably  less  so  than  it  was  tweaty-flve  or 
fifty  years  ago.  This  valuable  feature  is,  doubtless,  largely  contributed  to  by  the  numerous  lakes  and  ponds  which 
drain  to" the  river  through  its  tributaries,  and  is  certainly  assisted  materially  by  the  presence  of  extensive  tracts  of 
low  marshy  ground  along  the  upper  course  of  the  Quaboag  river.  It  was  found  impracticable  to  gain  much  reliable 
information  regarding  the  reservoirs  tributary  to  the  Chicopee.  Those  used  strictly  for  storage  to  meet  the  demands 
of  tha  dry  season  seem  to  be  few  in  number.  The  following  list  includes  all  the  more  important  lakes  and  ponds- 
in  the  very  complete  statement  prepared  by  Mr.  H.  P.  Walling  for  the  Massachusetts  State  Board  of  Health. (a)  It 
is  probable  that  at  the  outlets  of  many  of  these  small  powers  are  in  use,  and  that  more  or  less  control  is  exercised 
over  their  storage.  At  all  events,  they  serve  an  important  purpose,  by  reason  of  their  number  and  large  aggregate 
surface,  in  holding  back  the  water  of  storms  and  melting  snows,  and  yielding  it  gradually  to  the  streams: 

Principal  lakes  and  ponds  in  the  basin  of  the  Chicopee  rixer. 

[From  report  by  H.  F.  Walling.] 


Locality  (town). 

Name  of  pond. 

Area. 

Tributary  to  what  stream. 

On  "West  brancli  of  Swift  liver 

Acres. 

154 

235 

155 

124 

94 

175 

118 

100 

160 

202 

130 

90 

Ol60 

a  238 

202 

200 

135 

160 

138' 

{             l\ 

140 
a  323 
178 
306 
608 
340 
107 

West  branch  of  Swift  river. 
Middle  branch  of  Swift  river. 

Do. 

Do. 

Do. 

Do. 

Do. 
East  branch  of  Swift  river. 

Do. 
Bum  Shirt  river  (to  Ware). 

Do. 
Ware  river. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Quaboag  river. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do                     .        .- 

Do 

West  pond 

Dana         

Neeseponaett  pond 

Phillioaton      

Do              

Pond  northeast  of  above 

Eeservoir  near  Westminster  line 

Do                   

Do                      .  . 

Hardwick 

Rutland 

Do  

Do 

Do         

Do      

Total  area  of  28  principal  ponds  - 

5,040 

a  Said  to  be  used  for  storage. 

The  bed  of  the  Chicopee  river  is  to  a  large  extent  gravel,  with  ledges  of  red  sandstone  crossing  at  intervals- 
as  at  Chicopee  Falls,  Ludlow,  and  other  points.  The  banks  are  of  good  height,  rising  occasionally  at  once  to  lo"w 
hills,  while  again  they  are  succeeded  by  level  or  gently-rolling  meadow-laud  well  cultivated.  The  surrounding 
country  is  comparatively  level  along  the  lower  river,  but  becomes  hilly  toward  Three  Elvers.  The  first  use  of  power 
in  ascending  the  river  is  at  Chicopee,  but  a  short  distance  above  the  mouth.  The  river  is  there  about  300  feet  wide, 
and  runs  in  rapids  over  low  sandstone  ledges.  The  main  power  is  that  of  the  Dwight  Manufacturing  Company,  but 
intermediate  between  their  dam  and  the  foot  of  their  property  are  two  other  dams,  at  which  small  powers  are  in 
use,  depending,  of  course,  for  water  upon  the  wastage  from  the  upi)er  privilege. 

The  lower  dam  is  a  log  structure,  varying  from  3  to  6  feet  in  height  and  crossing  the  river  in  a  very  irregular 
line.  The  privilege  is  owned  by  Mr.  E.  Wood,  and  12  feet  fall  and  40  horse-power  are  in  use  at  the  north  end  of 
the  dam  for  a  small  grist-mill  and  a  bobbin-shop.  The  supply  of  water  is  limited  to  waste  at  the  upper  dams 
and  to  the  tail-water  from  the  Ames  factories,  but  is  always  sufficient  for  the  power  in  use.  This  dam  being  the 
farthest  one  down  stream,  and  a  low  one  at  that,  considerable  trouble  is  experienced  from  backwater  from  the 
Connecticut  river,  which  at  times  sets  up  over  the  dam  so  as  to  hide  it  from  sight  and  causes  a  stoppage  of  work 
for  two  weeks  or  more. 
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The  next  was  formerly  known  as  the  Gaylord  privilege,  but  is  now  owned  by  the  Ames  Sword  Company.  The 
datu  is  a,  fine  structure  of  stone,  having  a  natural  rock  abutment  at  the  north  cud  and  an  artificial  one,  of  heavy 
masonry,  at  the  south  end,  next  the  factory.  About  100  men  are  employed  in  the  works.  The  amount  of  power  in 
use  was  not  ascertained,  but  it  is  probably  not  large.  The  supply  of  wati-r  comes  from  the  waste  at  the  Dwight 
company's  dam,  and  even  when  none  is  running  over  tlie  latter  the  leakage  through  it  during  the  24  hours,  stored 
in  the  small  pond  below,  is  sufQcient  to  carry  on  the  works,  and  so  for  five  years  it  had  not  been  necessary  to  run  the 
engine  a  day. 

The  third  iirivilcge,  including  within  its  limits  the  two  falls  already  mentioned,  is  owned  chiefly  by  the  Dwight 
Manufacturing  Company,  and  in  part  also  by  the  Ames  Mauul'acturing  Company;  it  takes  up  practically  all  the 
fall  between  Chicopee  Falls  and  the  Connecticut  rive"?'.  The  dam  is  of  cut  stone  part-way  up  from  the  base,  with 
timber-work  above,  and  is  backed  in  with  brick.  The  abutments  and  bulkhead  are  of  masonry.  The  canal  runs 
down  the  south  bank  to  the  mills,  and,  just  below  the  dam  it  is  provided  with  a  waste-weir  from  90  to  100  feet  long;  it 
has  a  total  length  of  about  4,000  leet,  and  opposite  the  cotton-mills  varies  from  20  to  40  feet  in  width.  Its  capacity 
is  said  to  be  rather  limited  for  the  demands  that  are  made  upon  it.  First  in  order,  descending  the  race,  are  the  works 
of  the  Ames  Manufacturing  Company ;  660  men  are  here  employed  im  the  manufacture  of  tools,  sewing-machines,  and 
bronze  statuary.  A  fall  of  from  20  to  23  feet  is  obtained,  and  the  company  has  a  right  to  130  cubic.feet  of  water  per 
second,  only  a  portion  of  which  is  in  uee,  however.  Occupying  the  rest  of  the  race  are  the  great  mills  of  the  Dwight 
Manufacturing  Company.  They  stretch  along  between  the  race  and  the  river,  and  were  formerly  seven  in  number, 
but  by  conuecMug  adjacent  pairs  have  been  consolidated  into  four.  Both  fine  and  coarse  cotton  goods  are  made, 
comprising  sheetings,  handkerchiefs,  towelings,  and  other  varieties.  In  September,  1882,  there  were  being  run 
about  112,000  spindles  and  3,011  looms;  1,400  hands  were  employed,  and  350  bales  of  cotton  used  per  week.  It  was 
the  intention  soon  to  add  5,000  spindles  and  240  looms  to  the  works.  Mill  No.  7  discharges  tail-water  into  the 
Connecticut  river  through  a  long  race;  the  other  mills  discharge  through  short  races  directly  into  the  Chicopee. 
The  Dwight  c©mpan-y  employs  a  total  wheel  capacity  of  2,208  horse-power,  the  heads  in  use  ranging  from  24  to  30 
feet,  accerding  to  positioH  on  the  canal. 

As  regards  priority  in  rights  to  water,  the  two  manufacturing  companies  alternate,  the  Ames  coming  in  first  for 
a  ceitain  amount,  then  the  Dwight,  and  then  the  Ames  again.  The  supply  of  water  is  estimated  to  be  sufBcient  to 
meet  all  demands  that  are  made  upon  it  for  8  or  9  months  in  the  year.  The  pondage  above  the  dam  is  small  and  of 
little  assistance.  A  400  and  a  750  horsepower  steam  engine  are  in  use  for  auxiliary  power  during  low  water  and, 
if  necessary,  in  high  water.  The  smaller  engine  is  Lrst  put  into  service ;  when  that  becomes  insufficient  it  is 
stopped  and  the  larger  one  started,  and  finally  both  may  be  put  in  operation.  In  the  very  dry  summer  of  1882 
the  large  engine  was  started  July  13,  and  for  perhaps  tAvo  or  three  days  in  a  month  during  the  season  both  engines 
together  were  unable  to  make  up  the  deficiency  in  water-power. 

The  ordinary  reduction  of  head  due  to  spring  freshets  amounts  to  6  or  8  feet,  and  is  liable  to  remain  at  that 
figure  for  three  or  four  weeks;  in  extreme  cases  the  reduction  has  reached  15  or  20  feet.  Anchor-ice  runs  in  the 
canal  and  is  a  serious  hinderance  through  the  greater  part  of  the  winter,  clogging  on  the  racks  and  in  the  wheel- 
pits.  Every  winter  morning  when  surlaceice  of  any  amount  is  found  on  the  canal  it  is  broken  up  and  floated 
out  over  a  waste-way  at  the  end  of  the  race;  the  latter  is  thus  kept  open,  and  the  danger  of  its  packing  full  of 
cake-ice,  as  sometimes  happens  at  Windsor  L«cks  and  other  points,  is  avoided.  Many  men  are  required,  however, 
in  the  work  of  removing  the  surface-ice  and  anchor-ice,  and  considerable  expense  is  incarred. 

The  next  privilege  to  be  noticed  is  at  Chicopee  Falls,  only  a  short  distance  farther  up  the  river.  Here,  as  at 
Chicopee,  there  is  an  intermediate  dam  opposite  the  main  privilege.  In  this  case  it  is  owned  by  the  Lamb  Knitting 
Machine  &  Manufacturing  Company,  located  on  the  south  bank.  This  company  obtains  9  feet  fall,  and  for  about 
eleven  montlis  in  the  year  is  enabled  to  run  a  66  horse-power  wheel,  but  during  low  water  it  relies  upon  steam.  It 
has  the  benefit  of  any  wastage  at  the  upper  dam  and,  except  in  low  water,  of  the  tail-water  from  two  factories 
located  on  the  upper  privilege.  Its  dam  is  a  log  structure  built  some  fifty  years  ago,  measuring  about  400  feet  in 
length,  and  varying  in  height  from  3^  to  7  feet,  according  to  the  contour  of  the  rock  ledge  on  which  it  runs.  At 
the  north  end  of  the  dam  Messrs.  J.  Stevens  &  Co.,  manufacturers  of  guns  and  pistols,  use  6  feet  head  and  25 
horse-power  during  the  nine  months,  more  or  les's,  in  which  there  is  surplus  water. 

The  Chicopee  Manufacturing  Company's  dam  is  next  in  order.  It  is  a  timber  structure,  roll-way  306  feet  long, 
with  a  vertical  face,  and  is  bnilt  30  or  40  feet  back  from  the  edge  of  a  sandstone  ledge,  over  which  there  is  an 
abrupt  fall  of  several  feet.  The  abutments  are  of  masonry.  The  one  at  the  south  end  is  10  feet  wide  and  20  feet 
long  at  the  top,  and  contains  two  waste-gates,  say  3  by  4  feet  in  size ;  it  rises  about  6  feet  above  the  crest  of  the 
dam,  and  is  prolonged  inshore  an  a  bulkhead  60  feet  long  and  8  feet  wide,  with  9  gate-openings,  each  about  5  feet 
square.  The  canal  runs  2,000  feet  down  the  south  bank  ;  through  the  Chicopee  company's  yard  it  is  walled  with 
granite  masonry,  and  has  a  width  of  50  feet  and  a  depth  of  10  feet,  measured  from  the  top  of  the  walls. 

At  the  north  end  of  the  dam  the  Belcher  &  Taylor  Agricultural  Tool  Company  uses  16J  feet  fall  and  90  horse- 
power during  the  eleven  months  in  an  average  year  in  which  there  is  surplus  water.  On  the  south  side  of  the 
river,  a  short  distance  below  the  bulkhead,  B.  &  J.  W.  Belcher,  manufacturers  of  agricultural  tools,  take  water 
from  the  canal,  using  10  or  12  feet  fall  and  a  20  horse-power  wheel.  They  ht*\e  the  first  right  to  a  small  amount  of 
water,  but  in  practice  shut  down  during  low  stages.  265 
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Tlie  great  user  of  power  at  tbis  privilege  is  the  Chicopee  Manufacturing  Company,  engaged  in  tbe  production 
of  canton  flannels.  In  September,  1882,  this  company  was  eqiploying  1,300  hands,  running  62,000  spindles  (22,000 
of  them  day  and  night),  1 ,849  looms,  and  using  300  bales  of  cotton  per  week ;  the  works  were  about  to  be  extended, 
the-number  of  looms  was  to  be  increased,  and  30,000  spindles  were  to  be  added  to  the  machinery  then  in  use.  There 
are  four  large  mills,  as  follows : 

No.  1,  438  by  95  feet,  4  stories  high.  No.  2,  partially  completed  and  in  use,  220  by  95  feet,  4  stories  high; 
length  to  be  increased  to  420  feet.  No.  3,  150  by  50  feet,  5  stories  high;  with  extension  140  by  38  feet,  3  stories 
higC.    No.  4,  234  by  50  feet,  5  stories  high. 

The  head  at  the  mills  is  25  feet,  and  it  is  estimated  that  1,100  elttective  horse-power  is  realized  in  the  lowest 
stage  of  the  river.  The  pond  above  the  dam  flows  back  2  miles  and  is  used  in  part  as  a  reser%'oir;  when  full  its 
surface  is  3  feet  above  the  water  in  the  canal,  and  it  can  therefore  be  drawn  down  that  amount  without  reducing 
the  head  along  the  latter.  During  the  summer  of  1882  it  was  regularly  drawn  down  during  the  day  about  the 
depth  mentioned,  and^at  night  did  not  fill  suf&ciently  to  cause  a  waste  over  the  dam. 

The  ordinai"y  freshet-rise  on  the  dam  does  not  exceed  from  3  to  5  feet.  In  order  to  avoid  trouble  from  ice  the 
practice  of  the  Chicopee  company  is  to  flush  out  its  canal  in  winter  whenever  ice  of  any  important  thickness 
forms,  and  daring  a  "  cold  snap"  is  done  every  morning.  All  the  water  is  first  drawn  from  the  canal,  allowing  the 
ice  to  break  and  sink ;  water  is  then  let  in  with  a  rush  at  the  head-gates  and  carries  the  broken  ice  along  with  it  and 
out  through  gates  at  the  end  of  the  canal.  The  magnitude  of  the  pond  and  the  absence  of  important  rapids  above  are 
given  as  reasons  why  anchor-ice  does  not  trouble  here  more  than  two  or  three  mornings  during  the  winter.  It  is 
also  to  be  noted  that  as  a  rule  the  Chicopee  company  does  not  use  nearly  all  the  water,  and  frequently  it  is  wasting 
over  the  dam  at  times  when  the  Dwight  company  is  receiving  about  the  entire  flow  of  the  river  into  its  ra«e. 
Consequently,  if  anchor-ice  is  running  in  the  stream,  the  latter  company  is  likely  to  get  much  more  of  it  than  the 
former.  The  same  is  true  of  leaves  in  autumn,  which  are  a  serious  hicderance  to  the  Dwight  company,  but  cause 
the  Chicopee  company  very  little  inconvenience. 

Just  above  slack-water  from  the  Chicopee  company's  dam,  there  was  being  erected,  in  the  summer  of  1882,  a 
new  and  fine  dam  of  Mouson  granite.  The  site  is  about  2  miles  above  Chicopee  Falls.  The  privilege  is  owned 
and  was  being  developed  by  Messrs.  J.  H.  Southworth  &  Sons,  the  p®wer  to  be  utilized  in  a.  large  mill  for  the 
manufacture  of  fine  writing  papers.  It  was  stated  that  there  would  be  for  rent  four  or  five  mill-powers,  of  65 
horse-power  each,  on  the  same  side  of  the  river  with  the  Southworth  mill.  A  Supply  of  clear  water,  1,000  gallons 
per  minute,  has  been  obtained  at  a  distance  of  a  third  of  a  mile.  It  was  estimated  that  the  expense  of  grading 
for  this  privilege  would  be  heavy,  and  it  would  be  necessary  to  build  a  dike  above  the  dam  to  prevent  overflow, 
but  the  work  was  all  being  done  in  the  most  thorough  manner.  At  the  site  of  the  dam  the  river-bed  is  composed 
mainly  of  ledge  rock,  but  it  was  thought  that  some  gravel  might  be  met,  and  the  design  was  for  the  corresponding 
portion  of  the  dam  to  be  modified  by  having  the  masonry  rest  directly  upon  a  crib- work,  about  3  feet  deep,  of  squared 
timber,  the  Interstices  filled  with  broken  stone.  The  design  also  provided  for  this  portion  an  apron,  extending,  as 
a  continuation  of  the  crib-work  alieady  mentioned,  some  10  or  11  feet  down  stream  from  the  foot  of  the  dam  and 
supported  at  the  end  upon  round  piles;  sheet-piling  was  also  to  be  driven  beneath  the  foot  of  the  front  and  back 
slopes  of  the  dam  proper.  The  crest  of  the  structure  rises  15  or  16  feet  above  the  river  bed,  and  has  a  length, 
transversely  to  the  stream,  of  250^  feet.  The  main  portion  of  the  dam  is  rubble-work,  surmounted  by  an  inclined 
coping  between  6  and  7  feet  wide  of  cut  stone.  Ihe  front  slope  of  the  dam  has  a  batter  of  about  1  in  7,  and  the 
back  slope  of  about  1  in  3.  The  masonry  abutments  rise  8  feet  above  the  crest.  The  bulkhead  is  50  feet  long 
across  the  current,  16  feet  wide,  and  is  pierced  by  7  gate-openings,  each  5  feet  wide.  Wastage  from  the  canal  to 
the  river  is  provided  for  by  a  weir  60  feet  long  immediately  below  the  bulkhead. 

Next  in  order  is  the  fine  privilege  of  the  Indian  Orchard  Mills.  The  company  manufactures  sheet'ings,  shirtings 
and  fancy  cotton  goods ;  runs  52,000  spindles  and  1,168  looms,  employs  675  hands,  and  uses  8,500  bales  of  cotton  per 
year,  turning  out  250,000  yards  of  finished  goods  per  week.  It  has  two  mills,  325  and  476  feet  long,  respectively. 
The  improvements  of  this  power  are  of  the  most  substantial  and  workmanlike  character.  The  dam  rests  on  ledge 
rock,  and  has  a  face  of  cut  stone,  battering  about  1  in  6  and  backed  by  rubble- work.  The  crest  is  28  feet  above  bed- 
rock, Avhile  the  dam  has  a  width  at  base  of  30  feet  and  a  roll-way  401  feet  long.  The  top  of  the  structure  is  covered 
with  a  course  of  sloping  timbers,  reaching  out  4  or  5  feet  from  the  stone-work  and  supported  at  the  end  by  timber 
braces  resting  on  a  projecting  course  of  stone  in  the  face  of  the  dam.  The  bulkhead  has  9  gate-openings  each 
3  by  4  or  4^  feet  in  size,  besides  a  large  one  20  by  12  feet.  The  canal  is  walled  with  masonry,  and  has  a  wa'ste-weir 
to  the  river,  immediately  below  the  bulkhead,  about  80  feet  long. 

In  the  heavy  storm  of  October,  1869, there  was  a. depth  of  only  4  feet  on  the  diyn,  but  this  was  considered  a  large 
rise.  Above  the  dam  there  is  a  handsome  pond  of  80  or  90  acres,  with  a  storage  estimated  to  be  sufficient  for  running 
the  mills  for  five  hours  without  any  additions  from  the  river.  It  is  never  drawn  down  more  than  about  33  inches 
below  the  crest  of  the  dam,  and  fills  up  again  at  night,  with  a  wastage  before  morning,  through  nearly  the  whole 
year.  The  fall  along  the  canal  ranges  from  28  to  33  feet,  and  1,034  horsepower  of  wheels  is  in  use.  Steam  is  not 
employed  for  power,  but  in  a  low  stage  of  water  the  mills  use  about  the  full  capacity  of  the  river. 
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Continuing  above  Indian  Orclianl,tlio  river  banks  aic  lonnd  to  be  i^cnerally  of  good  lieiylit.  The  surrounding 
country  is  gently  liilly,  with  some  cxleuMve  level  plains.  The  immediate  valley  has  bPcn  quite  thoroughly  cleared 
of  timber,  but  the  distant  hills  are  well  wooded.     Sandstone  ledges  continue  to  crop -out  in  the  river-bed. 

Immediately  above  the  Indian  Orchard  pond  the  Cliico- 
pee  comes  down  through  a  roclvy  gorge  and  falls  rapidly  over 
ledges.  It  is  there  about  17.")  feet  wide  between  banks,  the 
latter  20  or  25  feet  high.  The  Ludlow  Manufacturing  Company 
lias  here  two  water-privileges,  with  dams  but  a  short  distance 
apart.  The  lower  dam  is  a  log  structure,  resting  upon  and  abut- 
ting against  solid  rock.  It  is  about  140  feet  loug,  14  feet  high, 
and  is  to  be  ivplaced  by  a  new  dam  of  the  same  construction. 
The  manager  of  the  company  does  not  consider  it  safe  to  build 
a  stone  dam  here,  because  of  the  seamy  nature  of  the  rock  and 
its  liability  to  be  thrown  out  of  jiosition  by  frost.  The  great 
power  both  of  frost  and  of  water  was  strikingly  exhibited  at 
this  ])oint  some  years  ago.  The  action  of  frost  had  separated 
from  the  solid  bed  of  the  river,  just  below  the  dam,  a  mass  of 
rock  measuring  24  feet  in  length,  from  4  to  6  feet  in  width,  and 
from  3  to  5  feet  in  depth.  It  lay  pointing  diagonally  away  from 
the  dam;  but  when  the  Bane  reservoir  gave  way,  the  great 
volume  of  water  which  came  rushing  down  the  stream  turned 
the  rock  end  for  end,  and  left  it  supported  upon  one  of  the  long 
edges  and  resting  against  the  dam. 

The  mills  of  the  Ludlow  comiiany  are  on  flie  north  bank  ; 
three  are  located  immediately  below  the  dam,  while  a  separate 
race,  several  hundred  feet  long,  leads  to  No.  4.  The  manu- 
facture comprises  carpet-yarns  (both  jute  and  linen),  crashes, 

twines,  and  gunny-bagging.  The  extreme  fall  on  the  privilege  is  30  feet,  and  about  700  horse-power  is  in  actual 
use.  The  company  also  holds  for  sale  about  600  horse-power  with  ample  building-room  on  the  south  bank.  The 
available  power  of  the  privilege  may  be  estimated  follows: 

Estimate  of  pou-er  at  Ludlow. 


Fig.  -il'i.— F;i1!s  at  Ludlow. 


Stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year  . 


KAINFALL  OS  BASIN. 


Spring.    Summer.    Autumn.    Winter. 


Inches. 
11* 


Inches. 
12 


Inches. 
12 


Inches. 
10 


Tear. 


Inches. 
45J 


Drainage 
area. 


Flow  per 

second, 

averaue  for 

the^24 
hours,  (a) 


Sq.  miles. 


Cvbicffet. 
300 
390 
450 


Theoretical  horse- 
power. 


Effective 
lioise-pow- 
or  utilized 


foot/all. 

30/M(/oK. 

34.08 

1,020 

44.30 

1,330 

51.12 

1,630 

a  In  low  stages  a  very  mateiial  increase  of  the  flow  and  power  as  here  given  can  he  realized  for  ten  or  twelve  hours  in  the  day  by  pondage  above. 

The  upper  dam  is  built  of  logs,  runs  upon  and  abuts  against  ledges  of  rock,  and  presents  an  angle  up  stream; 
it  is  about  200  feet  long  and  12  feet  high.  The  fall  on  this  privilege  is  13  feet,  and  at  the  north  end  of  the  dam  the 
Ludlow  company  had,  at  the  time  it  was  visited,  from  60  to  75  horse-power  em  ployed  in  making  window-frames  and 
in  preparing  building  materials.  A  new  mill,  248  feet  long  by  60  and  76  feet  wide,  was  soon  to  be  built  for  the 
manufacture  of  twine.  At  the  south  end  of  the  dam  the  company  rents  about  65  horse-power  to  a  grist-mill  having 
a  capacity  for  grinding  from  1,200  to  1,500  bushels  of  corn  per  day.  Both  the  dams  which  have  been  mentioned 
■were  built  fifty  or  more  years  ago.  Above  the  upper  dam  there  is  a  large  storage,  the  pond  setting  back  to  the 
Collins  Manufacturing  Company's  privilege. 

The  power  just  alluded  to  is  about  11  miles,  by  water,  from  the  mouth  of  the  river.  It  is  improved  by  a  dam 
of  rubble  cement  masonry,  with  abutments  of  the  same  construction,  and  a  plank  aprou  extending  30  feet  down 
stream.  The  abutments  rise  7^  feet  above  the  crest  of  the  dam.  The  bulkhead  is  from  55  to  00  feet  long,  8  feet 
wide,  and  has  9  gate-openings.  The  canal  runs  perhaps  1,000  feet  down  the  south  bank,  to  the  mill,  with  a  width 
of  about  45  feet,  and  just  below  the  dam  has  a  50-foot  waste- weir.  The  Collins  Manufacturing  Company  employs 
200  hands  in  the  production  of  fine  writing  papers.  A  fall  of  12  or  13  feet  is  obtained  at  the  mill,  and  about  500 
horse-power  of  wheels  is  in  use  day  and  night.  Commonly  there  is  a  suflicient  supply  of  water  throughout  the 
year,  but  for  one  month  in  the  summer  of  1882  it  fell  short  and  the  mill  could  be  run  only  18  hours  per  day,  water 
being  scarce  in  the  morning. 

Between  backwater  of  the  privilege  just  described,  and  the  Otis  Company's  utilized  privilege  at  Three  Riveis, 
there  is  stated  to  be  a  fall  of  about  40  feet,  divided  nearly  equally  into  two  powers.    The  lower  of  these  was  formerly 
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owned  by  the  A.  &  W.  Sprague  Maunfacturing  Company,  but  has  recently  been  sold,  and  has  passed  into  the 
control  of  Mr.  Edwin "d.  Metealf,  of  Springfield.  Mr.  Metcalf  states  that  his  intention  is  to  build  a  stone  dam,  and 
that  he  will  probably  so  improve  the  power  as  to  afford  facilities  for  a  cotton-mill  and  a  paper-mill.  By  mutual 
agreement  with  the  Otis  Company  the  dam  is  to  be  so  constructed  as  to  give  a  fall  of  between  21  and  22  feet. 

Estimate  of  power  at  Metcalf  ^s  privilege. 


Stago  of  river. 

Drainage 
area. 

Flow  per 
second, 
average 

for  tlie  24 
hours. 

Theoretical  horse- 
power. 

Low  water,  dry  jear 

Low  water,  average  year 

A  vailable  10  mcntlia,  avera^re  year 

Sq.  miles. 

}  "{ 

Cubic  feet. 
290 
3E0 
440 

1  foot  fall. 
32.94 
43.17 
49.98 

21  feet  fall. 
090  ■ 

gi» 
i.oeo 

The  remaining  20  feet,  or  thereabout,  of  fall  from  Three  Rivers  is  owned  by  the  Otis  Company  and  reserved 
far  its  own  future  needs. 

The  last  power  on  the  Chicopee  river  is  at  Three  Eivers,  and  embraces  20  feet  fall,  although  only  18  feet  is 
actually  in  use.  It  receives  the  benefit  of  the  water  from  each  of  the  three  tributaries,  Quaboag,  Ware,  and  Swift, 
which  unite  near  this  point  to  make  up  the  main  river.  The  dam  is  175  feet  long  betweeH  abutments,  and  about  10 
feet  high;  it  is  constructed  of  hewn  timbers,  has  a  vertical  face,  and  rests  upon  a  rock  foundation.  The  abutments 
are  of  dry  stone,  faced  with  planking.  Through  a  wooden  bulkhead  with  5  gate-openings,  water  is  admitted  to  the 
race,  which  leads  down  the  south  bank  to  the  Otis  Company's  mill. .  About  500  horse-power  is  there  in  use,  and 
can  always  be  realized  during  the  day-time,  even  in  the  lowest  stage  of  the  river,  without  drawing  down  the  pond 
so  but  that  it  will  fill  up  again  within  tw®  hours  after  the  gates  are  shut.  The  main  mill  is  290  by  75  feet  in  size,  4 
stories  high,  with  an  1_  of  204  by  50  feet.  The  principal  productions  are  seersuckers,  fancy  denims,  and  apron 
checks  and  stripes;  22,500  spindles  and  700  looms  are  run  here  and  700  hands  employed.  The  company  has  still 
more  important  mills  above,  at  Ware. 

Summary  of  water-privileges  on  the  Chicopee  river. 


Locality. 


Distances 

from 

mouth 


Company. 


Manufacture. 


Extreme 

fall  on 

l)rivilege. 


Hem  arks. 


Three  Kivei*a  . 


Between  Three  Eivers  and 
Collins  station. 

Do 

Collins  station 

Lndiow 

Do 


Indian  Orchard .  - 
Southworth  falls 

Chicopee  rails.. . 


Do... 
Do... 
Do... 
Do..., 
Chicopee  . 
Do.... 


Do. 
Do 


Miles. 
15i 

13-14 

11-12 

10-n 

7J 


6i 
4-5 


Otis  Company 

Owned  by  Otis  Company. 


Held   by  E.  D.   Metcalf,  of 
Springfield. 

Collins  Manufacturing  Com- 
pany. 

Owned  by  Ludlow  Manufact- 
uring Company. 

Ludlow  Manufacturing  Com- 
pany. 


Indian  Orchard  Mills 

J.  H.  Southworth  &  Sons. 


Chicopee  Manufacturing  Com- 
pany. 


Belcher  &   Taylor  Agricul*' 
Ural  Tool  Company. 

B.  &  J.  W.Belcher 


Lamb  Knitting  Machine   & 
Manufacturing  Company. 

J.  Stevens  &  Co 


Dwight  M..nufacturing  Com- 
pany. 

Ames    Manufacturing    Com- 
pany. 

Ames  Sword  Company 

Privilege  owned  by  E.  Wood 


Seersuckers,    fancy    denims, 
and  apron  checks  and  stripes. 

Unimproved 


..do. 


Fine  writing  papers  . 


Power  used  by  grist-mill  and 
wood-werking  shop. 

Carpet-yarns.  craBhea,  twines, 
and  gunny-bagging. 

Sheetings,  shirtings,  andfancy 
cotton  goods. 

To  be  used  in  paper-manufact- 
ure. 


Canton  fiannels . 


Agricultural  tools. 
...do 


Guns  and  pistals. 


Sheetings,        handkerchiefs, 
towelinga,  and  other  goods. 

Tools,  sewing-machines,  ani 
bronze  statuary. 

Swords    


G-rist-mill,  and  power  rented 
to  bobbin-shop. 


Feet. 
20 

20  ± 

21.3 

13 

13 

30 

33 
16-18 

25-28 


30 


18  feet  fall  and  about  500  horse-power  in  use; 
700  looms,  22,500  spindles. 

Held  for  company's  use. 

To  be  improved. 

513  hor8e-powei''in  use. 

About  125  horse-power  in  nse.  Ludlow  com. 
pany  will  erect  a  large  twine-mill. 

About  700  horse-power  in  use.  Company  holds 
for  sale  600  horse-power  and  land  on  south 
side  of  river. 

1,168  looms,  52,000  spindles;  1,034  horse-power  in 
use. 

Privilege  was  being  developed  in  fall  of  1882. 
There  were  to  be  for  rent  4  or  5  mill-powers, 
of  C5  horse-power  each.    - 

Company  owns  privilege  and  obtains  1,100  horse- 
power in  lowest  stage  of  river;  1,849  looms, 
62,000  spindles  (spindles  and  looms  to  be 
increased). 

On  main  privilege.  Has  lOJ  feet  fall  and  90 
horse-power  11  months  in  the  year. 

On  main  canal.  Use  20  horse-power  most  of  flie 
year. 

Uses  9  feet  fall  and  60  horse-power  at  interme- 
diate dam. 

Use  25  horse-power  part  of  the  year  from  the 
Lamb  company's  dam. 

Principal  owner  of  privilege,  and  uses  2,208  horse- 
power. 

On  main  canal.  Entitled  to  130  cubic  feet  of 
water  per  second. 

At  intermediate  dam. 

At  a  second  intermediate  dam. 
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TRIBUTARIES   OP   THE   CHIOOPEE   RIVER. 

The  Quahoag  river.— Tlh^  Qnaboag  is  the  most  southerly  of  the  three  principal  streams  which  unite  to  form 
the  Chicopee.  Two  or  three  small  streams  come  together  near  East  Brookfield,  in  the  southwestern  part  of 
Worcester  county,  and  make  up  the  main  Quaboag,  which  then  takes  a  westerly  course,  through  about  25  miles, 
to  Three  Pavers.  For  the  greater  part  of  this  distance  the  Boston  and  Albany  railroad  follows  the  river  closely. 
The  drainage  area  comprises  210  square  miles.  From  East  Brookfield  to  Three  Elvers  there  is  a  fall  of  300  feet,  of 
which  only  100  feet  is  in  use;  in  other  words,  two-thirds  the  fall  of  the  stream,  and  that  toward  the  mouth,  where 
the  volume  is  greatest,  is  not  utilized. 

The  stream  is  especially  valuable  for  power  on  account  of  its  well-sustained  flow.  There  is  an  absence  also 
of  disastrous  freshets.  On  Kuowlcs  and  Gould's  dam,  at  Warren,  about  100  feet  long,  the  largest  freshet-rise  is  only 
2  or  3  feet;  and  on  the  West  Warren  dams,  about  110  feet  long,  the  depth  in  a  common  spring  freshet  does  not 
exceed  IS  inches.  At  East  Brookfield  there  is  said  to  be  a  large  pondage  above  the  dam,  but  the  only  strictly 
storage  reservoir  learned  of  as  supplying  the  stream  is  in  West  Brookfield.  It  is  known  as  the  Brookfield  reservoir, 
is  the  property  of  the  West  Warren  Cotton  Mills;  it  fills  regularly,  flows  350  acres,(a)  and  can  be  drawn  down 
6  feet  from  a  full  stage.  But  though  there  are  not  many  artificial  reservoirs,  the  stream  derives  great  assistance 
from  the  natural  reservoir  aflbrded  by  the  extensive  meadows,  said  to  contain  thousands  of  acres,  which  border 
its  course  most  of  the  way  between  AYarren  and  East  Brookfield.  The  fall  of  the  stream  in  this  distance  is 
very  small,  amounting  to  but  4  feet  in  8  or  9  miles.  The  meadows  are  almost  on  a  level  with  the  stream,  and 
though  commonly  dry  are  overflowed  in  high  water.  The  bogs  and  grass  which  cover  them  retard  the  draining  off 
of  water  and  contribute  greatly  to  the  uniformity  of  the  stream.  They  yield  an  inferior  quality  of  grass,  but  it 
is  thought  that  the  expense  of  flooding  them  permanently  by  a  dam  would  be  rendered  unbearable  by  reason  of  the 
damages  for  flowage. 

Backwater  from  the  Otis  Company's  dam  at  Three  Eivers  stops  considerably  short  of  Palmer,  but  thence  up 
to  Blanchardville,  2^  miles  by  river  above  Palmer,  the  fall  is  reported  too  small  to  be  of  importance. 

The  first  privilege  to  be  noticed  is  owned  by  Mr.  Franklin  Blanchard.  An  irregular  ridge  of  stones  across  the 
river  forms  a  dam  a  couple  of  feet  high.  The  river  makes  a  bend  below,  across  the  neck  of  which  a  race  leads. 
This  formerly  carried  water  to  a  factory  where  Blanchard  Brothers  made  plow-handles,  but  the  factory  burned. 
The  river  is  about  100  feet  wide  at  the  dam.  The  privilege  is  a  fair  one,  but  the  canal  is  on  the  opposite  side  of  the 
river  from  the  railroad,  and  the  available  fall,  as  the  power  was  formerly  used,  is  only  6  or  7  feet.  A  portion  ot 
this  fall,  however,  might  be  incorporated  to  good  advantage  into  the  privilege  immediately  above. 

This  second  ijrivilege  was  in  use  some  years  ago  by  a  large  grist-mill  and  by  scythe-works,  and  they  also 
burned.  The  framed  dam  still  remains  in  fair  condition  ;  it  has  dry  stone  abutments,  between  which  it  is  144  feet 
long.  On  the  south  side  power  is  rented  to  J.  H.  Smith  for  a  small  shoddy-mill,  and  on  the  north  side  is  the  old  race 
leading  to  ruins  of  the  scythe-works.  Messrs.  A,  Y.  Blanchard  &  Co.  own  this  privilege  and  hold  it  for  sale.  The 
fall  is  10  feet  at  the  dam,  which  can  be  raised  4  feet,  overflowing  thus  a  moderate  amount  of  rather  poor  land.  The 
pond  is  at  i)resent  long  and  narrow,  setting  back  200  or  300  rods.  The  power  is  a  good  one  and  well  located;  the 
railroad  is  close  at  hand,  and  crosses  the  highway  only  a  few  hundred  feet  from  the  dam.  On  the  same  side,  a  short 
distance  below,  is  an  admirable  site  for  a  mill  and  a  village. 

Above  Blanchardville  the  river  continues  shoal  and  descends  rapidly  over  a  gravelly  bed.  The  surrounding 
country  rises  to  quite  high  hills,  fairly  wooded  with  a  young  growth.  In  places  the  hills  are  steep  and  rocky,  but 
in  general  their  slopes  are  moderate.  Up  to  the  vicinity  of  West  Brimfield  the  immediate  course  of  the  stream  is 
flanked  by  low  meadows.  Beginning  at  a  point  about  3J  miles  by  road  from  Palmer,  Joseph  King,  who  resides 
near  by,  owns  the  land  on  the  north  side  for  a  mile  up  stream,  and  claims  a  privilege  with  a  fall  of  15  or  20  feet 
available. 

At  West  Brimfield  the  valley  is  open,  there  is  a  railroad  station  and  a  small  village,  and  the  site  is  an  excellent 
one  f©r  the  use  of  power.     A.  W.  Grossman  &  Son,  of  West  Warren,  own  20  feet  of  fall  here. 

A  short  distance  above  the  West  Brimfield  station  the  hills  close  in  and  the  valley  becomes  contracted.  It 
continues  substantially  the  same  up  to  West  Wairen,  and  though  in  the  intervening  distance  there  is  a  large 
unimjjroved  fall,  owned  and  held  for  sale  by  the  George  H.  Gilbert  Manufacturing  Company,  of  Ware,  the  facilities 
for  building  large  mills  and  the  accompanying  villages  are  not  favorable. 

A  little  way  below  West  Warren  power  was  formerly  used  to  run  a  forge,  and  portions  of  a  framed  dam  are 
still  left.  The  river  here  narrows  to  50  feet  or  less,  and  has  a  rapid  descent;  the  valley  is  narrow  below  the  dam, 
and  does  not  offer  a  very  good  building- site.  The  privilege  is  claimed  to  have  an  available  fall  of  18  feet,  and  is 
owned  by  A.  W.  Grossman  &  Son. 

u,  This  is  probably  the  same  body  of  water  mentioned  by  Walling  as  Wickaboag  pond,  containing  323 (?)  acres  (see  list  of  lakes  and 
ponds  previously  given). 
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From  West  Warren  to  Palmer  there  is  ao  unimproved  fall  of,  in  round  numbers,  200  feet.  It  is  not  to  be 
supposed  that  all  of  this  would  or  could  be  utilized  to  good  advantage  in  practice,  and  the  proportion  really- 
available  can  be  determined  only  by  a  more  thorough  examination  than  was  made ;  but  some  idea  of  the  gross  power 
corresponding  to  the  fall  at  the  various  points  mentioned,  and  for  the  whole  distance,  may  perhaps  be  obtained 
from  the  following  estimate : 

Estimate  of  tinimproved  power  on  the  Q.uaboag  river  between  West  Warren  and  Palmer. 


Stnge  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year  . 


Drainage 
area. 


Sq.  Tniles. 
bU2,  cl79 


Flow 

per  second, 

average 

for  ihe  24 

hours  (a) 


Cubic  feet. 
60-70 
80-100 
90-120 


THEOKETICAL  HOEBE-POWER. 


Blamchardville. 


feet  fall.    14  feet  fall. 


55 
80 
95 


110 
160 
190 


King's 

privilege, 

say  15 

feet  fall. 


110 

150 
180 


West 
Brimfield, 

say  20 
feet  fall. 


150 
200 
240 


Old  forge, 

say  18 
feet  fall. 


120 
160 
180 


1  foot  fall 
(mean). 


200  feet  falL 


7.38 
10.22 
11.93 


1,480 
2,040 
2,390 


a  A  considerable  increase  of  the  flow  and  power  as  here  given  could  probably  be  realized  for  ten  or  twelve  hours  in  the  day,  by  reason  of  the  control  exercised 
over  the  stream  above. 
b  At  West  Warren, 
c  A  t  Bianchnrdville. 
JsTOTE. — Eainfall  on  drainage  area,  llj  inches  in  spring,  12  in  summer,  12  in  autumn,  10  in  winter,  and  45i  for  the  year. 

The  lower  privilege  at  West  Warren  is  occupied  by  A.  W.  Grossman  &  Son,  manufacturers  of  edge-tools. 
They  have  a  fall  of  12  feet,  and  two  40  horsepower  water-wheels,  but  do  not  use  their  full  capacity. 

The  principal  users  of  power  here  are  the  West  Warren  (Jotton  Mills,  running  770  looms  and  32,000  spindles  in 
the  manufacture  of  denims,  tickings,  and  dress-goods ;  650  hands  are  employed,  and  30  bales  of  cotton  consumed  per 
week,  with  a  production  of  1 50,000  yards  of  goods  in  the  same  time.  The  company  has  four  mills — one  just  completed 
and  not  in  use  when  visited — occupying  successive  privileges  and  scattered  perhaps  half  a  mile  along  the  river. 
The  valley  widens  out  at  this  point,  yet  the  ground  is  rather  hilly  along  the  stream,  and  the  expense  of  grading 
for  the  mills  and  other  works  is  said  to  have  been  large.  The  improvements  are  of  the  most  substantial  character. 
The  mills  are  of  brick  and  the  dams  of  stone  in  cement.  The  races  are  short  and  do  not  exceed  300  or  400  feet  in 
length,  except  at  mill  No.  2,  which  has  a  race  1,450  feet  long.  The  pondage  above  the  dams  is  small,  estimated  at 
possibly  25  or  30  acres  in  all  for  the  four  privileges. 

Ascending  the  stream  the  powers  occur  in  the  following  order: 

Mill  Is'o.  3,  200  by  60  feet,  4  stories  high;  dam  109  feet  long,  fall  16  feet. 

Mill  Ko.  1,  300  by  75  feet,  2  stories  high;  dam  111  feet  long,  fall  16  feet. 

Mill  Xo.  2,  180  by  51  feet,  4  stories  high ;  dam  110  feet  long,  fall  15  feet. 

Mill  Xo.  4,  170  by  51  feet,  4  stories  high;  dam  130  or  140  feet  long,  fall  12  feet. 

At  the  three  lower  mills  a  total  of  660  horse-power  is  in  use,  and  can  be  obtained  nine  or  ten  months  in-  an 
aveiage  yt^ar;  for  the  remaining  time  about  three-quarters  of  that  amount  is  realized. 

This  company  also  owns,  and  holds  for  its  own  use,  8  or  9  feet  of  unimproved  fall  between  the  No.  4  mill  and 
tlie  privilege  at  Warren. 

At  \Varreu,  Messrs.  Sayles,  Owen,  &  Co.,  manufacturers  of  fancy  cassimeres,  use  llj  feet  fall  and  125  horse- 
power; they  run  9  sets  of  cards.  The  river-bed  is  here  composed  of  gravel  and  bowlders.  The  dam  is  mainly  of 
dry  stone,  but  is  surmounted  by  a  log  addition.  The  pondage  is  small,  and  allows  water  to  waste  past  the  mill  even 
ill  scasou.s  when  it  is  needed. 

The  next  privilege,  also  at  Warren,  is  owned  jointly  by  Messrs.  Knowles  and  Gould.  L.  J.  Knowles  runs  1,300 
spindles  in  the  manufacture  of  cotton-warp,  obtaining  5J  feet  fall  and  using  one  35  horse-power  wheel.  John  B. 
Gould  takes  power  for  a  3-ruu  grist-mill,  and  a  blacksmith  shop  also  uses  a  little  power  at  times.  Above  the 
bacliwater  from  Knowles  and  Gould's  dam  there  begins  the  long  flat  reach  of  river  previously  described,  and  the 
streaui  was  not  examined  farther. 

Ghicopee  hrooJc  is  a  small  stream  runniug'northerly  through  the  town  of  Monson,  and  joining  the  Quaboag  a 
little  east  oH  Palmer.  It  drains  23  square  miles.  Near  Monson  village  a  fine  quality  of  granite  is  quarried  in  large 
quantities.  The  country  in  this  section  is  hilly  but  open,  and  the  soil  is  largely  composed  of  a  sandy  loam.  Springs 
are  abundant,  and  the  stream  is  as  well  sustained  as  could  bo  expected  considering  that  it  is  without  storage 
le.ser  voirs.  Opinions  vary  among  the  mill-owners  as  to  whether  these  could  be  constructed  to  good  advantage.  It 
is  said  that  there  is  swampy  land  in  the  upper  waters  which  could  be  flowed.  But  whether  that  is  true  or  not, 
some  of  the  manufacturers  are  averse  to  reservoirs,  because  of  their  alleged  expense  and  the  danger  from  their 
failure.     In  its  present  condition,  however,  the  stream  certainly  runs  very  low  at  times.    It  is  overloaded  with 
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machinery,  and  nearly  all  the  mills  use  steam  iu  i):iit  for  power.    The  fall  is  about  all  taken  up  iu  the  main  portion 
of  the  stream.     The  mills  are  of  moderate  size,  and  iu  ueaily  every  case  manufacture  fancy  cassimeres. 

Ihincipul  icater-privileges  on  Ohicopee  brook. 


Locality. 

Film. 

Manufacture. 

Fall. 

Horse 
power  of 
■wheels. 

Kemarks. 

C.  W.  Holmes,  jr 

Plain  cassimeres 

Fancy  cassimeres 

do 

Feet. 
22 
23 

15 
17 

10 
9 
12 

20 

2  sets  of  cards.    Uses  steam  all  the  time,  in  part. 

i  sets  of  cards.    Use  steam  in  low  water.    Pond  night-war 
ter  in  the  dry  season. 

3  sets  of  cards.    Uses  stenm  in  part  for  power. 

3  setsofcards.    Usesteaminpartforpower.    Storenight- 
water  0  months  in  the  year. 

4  sets  of  cards.    Uses  steam  in  part  for  power. 

Do 

D.  "W.  Ellia  &  Son 

Do 

J.  L.  KeyDolds 

40 
50 

30 
20 
60 

Do 

K.  M.  &  Theo.  Eeynolds 

do 

HoDson 

S.  F.  Cuslimnn   - . 

do 

Korth  Monaon 

H.  C.Day 

Grist-mill 

Do 

Joliu  F.  Heery  &  Brother  . . . 

Fancy  cassimeres 

7  setaof  cards.    Can  get  50  horse-power  Ly  water  8  monthB 
in  the  year,  but  use  steam  more  or  less  at  all  times. 

The  Ware  river. — The  main  stream  may  be  regarded  as  formed  in  the  town  of  Barre,  Worcester  county,  although 
the  Burn  Shirt  river  and  Canesto  brook,  which  go  t5  make  it  up,  have  their  sources  to  the  northward,  in  Phillipston 
and  Templeton.  The  drainage  area  is  214  square  miles.  From  the  junction  of  the  Burn  Shirt  and  Canesto  to  Three 
Elvers  the  Ware  is  28  miles  long.  The  surrounding  country  is  hilly,  but  in  the  lower  course,  at. least,  the  immediate 
valley  is  in  general  oi^en,  accessible,  and  very  well  suited  to  the  establishment  of  villages.  The  timber  has  been 
largelj'  cleared  away  and  the  land  given  up  to  pasturage.  The  stream  is  well  sustained  in  the  dry  season,  but  more 
rapid  in  rise  and  fall  than  the  Quaboag,  and,  so  far  as  could  be  ascertained,  is  destitute  of  the  extensive  marshes 
which  characterize  a  portion  of  that  river.  Moosehorn  and-Asnyconic  ponds,  lying  iu  the  town  of  Hubbardston, 
and  together  containing  about  400  acres,  are  used  for  storage  to  meet  the  demands  of  the  summer  season,  and  there 
may  be  one  or  two  other  ponds  in  the  upper  waters  serving  a  similar  purpose.  The  two  above  mentioned  are  owned 
by  the  Otis  Company,  and  prove  sufficient,  in  a  dry  season,  to  maintain  the  necessary  volume  at  Ware  for  from  four 
to  six  weeks.  The  reservoir  capacity  of  the  stream  can  be  largely  increased,  and  a  plan  looking  to  that  end  has 
already  been  developed.  At  Barre  falls,  by  a  dam  25  feet  high  and  from  300  to  400  feet  long,  a  tlowage  of  1,178 
acres  can  be  obtained,  with  a  storage  of  about  490,000,000  cubic  feet;  and  it  is  estimated  that  the  reservoir  could 
be  filled  three  times  in  each  year.  Some  $12,000  has  already  been  expended  in  buying  land  and  engineering  and 
other  work,  and  it  is  estimated  that  as  much  as  $70,000  would  be  required  to  complete  the  enterprise.  Toward  the 
actual  construction  of  the  reservoir  no  work  has  yet  been  done,  on  account  of  a  disagreement  among  the  mill-owners 
as  to  bearing  the  expense.  Nearly  all  the  companies  along  the  river  are  interested  in  the  project,  which  is  still 
under  consideration. 

A  number  of  years  ago  a  small  pond  of  about  70  acres,  known  as  the  Barre  reservoir,  gave  way  and  caused 
a  large  amount  of  damage.  The  accident  occurred  on  the  night  of  September  30-October  1,  1869.  The  cause  is 
supposed  to  have  been  that  the  waste-way  had  become  choked  with  brush  and  floating  drift,  and  that  during  a  very 
heavy  rain  and  strong  northwest  wind  on  that  night  the  waves  were  forced  with  considerable  power  against  the 
top  of  the  gravel  dam,  and,  gullying  out  little  by  little,  soon  produced  a  large  channel,  which  the  violent  rains 
helped  to  wash  down,  and  the  failure  of  the  whole  structure  then  naturally  followed.  The  loss  by  this  disaster  is 
estimated  to  have  been  $200,000. 

The  first  power  on  this  stream  above  the  mouth  is  at  Thorndike,  where  the  Thorndike  Company  has  two  falls 
and  large  mills  for  the  manufacture  of  colored  cotton  goods — tickings,  denims,  and  stripes ;  110  bales  of  cotton  are 
used  per  week,  the  company  running  33,000  spindles  and  700  looms,  and  employing  about  500  hands.  The  lower  dam 
is  built  of  stone  in  cement,  and  has  a  vertical  face.  The  roll-way  is  150  feet  long,  with  an  average  height  of  12 
feet;  it  is  20  feet  wide  at  the  base,  and  narrows  but  little  till  near  the  top,  which  is  covered  with  S-foot  coping- 
stones.  The  main  portion  of  the  dam  was  built  about  1872,  but,  the  freshet-rise  above  it  having  been  found  too  great, 
the  length  was  increased  60  feet  two  years  later.  The  race  is  merely  an  excavation  in  earth,  without  walls,  and 
measures  about  500  feet  in  length,  25  in  width,  and  10  in  depth  at  the  center.  The  head  at  the  main  mill  is  19  feet, 
and  iu  the  addition  to  the  mill  15  feet,  310  horse-power  being  used  altogether. 

The  upper  dam  of  the  Thorndike  Company  is  a  framed  structure  with  stone  abutments.  The  roll-way  is 
175  feet  long,  14  feet  high,  and  26  feet  wide  at  the  base;  the  front  row  of  braces  is  vertical,  the  rows  farther  back 
being  somewhat  inclined.  This  dam  was  built  about  the  year  1876,  and  cost  in  round  numbers  $7,000.  Water  is 
carried  from  the  dam  in  a  race  across  a  bend  of  the  river  to  the  mill,  where  about  300  horse-power  is  used  under  20 

feet  fall.  . 

The  power  used  at  these  mills  will  give  a  fair  idea  of  the  minimum  capacity  of  the  stream,  since  during  the 
very  dry  summer  of  1882  there  was  a  lack  of  water  for  running  at  full  capacity  only  two  days,  and  then  the  shortage 
was  slight.    The  pond  above  the  lower  dam  is  small  and  of  no  consequence,  but  the  upper  pond  sets  back  for  2 
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miles  and  stores  an  important  amount  of  water.  From  morning  until  about  2  o'clock,  at  wl.ich  time  the  water 
used  'it  Ware  reaches  this  point,  this  pond  has  to  supply  the  mills  during  low  stages  of  the  river,  and  is  thus  liable 
to  be'drawn  down  about  3  feet.  The  night-flow  of  the  stream  is  ponded  here  for  about  two  months  in  a  very  dry 
season  but  in  some  years  there  is,  throughout,  a  waste  over  the  dam  at  night.  The  ordinary  sprmg-freshet  rise  on 
th'e^lains  is  in  the  neighborhood  of  3  feet.  The  large  upper  pond  holds  back  ice  through  the  winter,  and  long 
enono-h  so  that  it  usually  becomes  well  rotted  before  going  out.  Occasionally  gorges  form  in  the  river  below 
Thorndike,  and  cause  backwater  there  temporarily ;  in  extreme  casesthe  river  has  even  been  set  back  into  the  mill 

and  a  stoppage  of  work  forced.  ^     ,       ,  , 

From  Thorndike  to  Ware,  a  distance  of  7  miles,  the  valley  is  open  and  the  stream  bordered  by  narrow 
meadows.  The  statement  was  made,  on  not  very  good  authority,  that  at  some  point  below  Ware  a  privilege  with 
15  feet  fall  is  claimed,  but  this  section  of  the  river  is  generally  described  as  flat  and  presenting  little  opportunity 

for  the  use  of  power. 

At  Ware  the  character  of  the  stream  changes  for  a  time,  and  within  the  limits  of  the  village  it  descends  about 
70  feet  over  rock  ledges.  The  lowest  privilege  is  occupied  by  the  George  H.  Gilbert  Manufacturing  Company, 
which  has  also  two  large  mills  above  at  Gilbertville.  The  dam  here  is  a  low  framed  structure,  running  diagonally 
across  the  river,  and  giving  a  fall  of  7  feet  at  the  mill.  The  manufacture  at  the  latter  comprises  fine  flannels, 
soft  woolens,  and  blankets,  and  7  sets  of  cards  are  run. 

Above  this  privilege  the  Otis  Company  has  two  dams,  three  falls,  and  three  large  mills.  The  upper  dam  runs 
across  a  rocky  gorge,  and  has  an  extreme  height  of  30  feet.  The  roll-way  is  117  feet  long,  30  feet  wide  at  the  base 
and  6  feet  at  the  top ;  the  face  is  nearly  or  quite  vertical.  The  dam  is  built  of  granite  in  cement,  and  on  either  side 
is  dovetailed  into  the  solid  rock.  A  race  1,000  feet,  more  or  less,  in  length  conveys  water  from  the  bulkhead  to 
the  upper  mill,  where  400  {a)  or  more  horse-power  is  in  use,  under  28  feet  fall.  The  tail-water  from  the  upper  mill 
is  carried  by  a  short  race  to  the  second  mill  and  is  then  discharged  into  the  river.  At  this  mill  a  fall  of  19.3  feet 
and  something  over  200  horse-power  are  in  use.  The  water  thus  far  used,  having  been  returned  to  the  river,  is  held 
by  the  second  dam,  and  on  the  north  side  furnishes  121  horse-power,  under  16.3  feet  fall,  to  the  Otis  Company's 
lower  mill,  and  on  the  south  side  of  the  river  is  utilized  by  Messrs.  0.  A.  Stevens  &  Co.,  manufacturers  of  flannels 
and  dress-goods.  As  already  stated,  the  Otis  Company  has  large  works  at  Three  Elvers.  At  Ware  it  manufactures 
mainly  denims,  ticks,  and  checks,  but  also  runs  an  important  portion  of  its  works  on  hosiery.  In  the  mills  here 
are  operated  32,750  spindles  and  662  looms,  and  employment  is  given  to  1,450  hands. 

The  supply  of  water  is  commonly  sufBcient  for  running  the  mills  at  full  capacity  throughout  the  year,  and 
during  the  trying  summer  of  1882  there  was  a  slight  shortage  for  only  eight  days.  All  the  improvements  at  Ware 
are  of  the  most  substantial  nature,  and  especially  so  on  the  premises  of  the  Otis  Company.  The  mills  are  of  stone 
or  brick,  and  on  the  company's  grounds  the  races  are  walled  with  granite  masonry. 

Between  Ware  and  Gilbertville,  4  miles,  the  river  is  bordered  by  flat  meadows,  and  the  fall  is  said  to  be  too 
small  to  admit  of  a  water-privilege. 

At  Gilbertville  all  the  fall  is  owned  by  the  George  H.  Gilbert  Manufacturing  Company.  The  same  kinds  of 
goods  are  made  as  at  its  mill  in  Ware;  31  sets  of  cards  are  run  and  550  hands  employed.  The  lower  privilege, 
as  at  present  improved,  embraces  14  feet  fall,  which  can  be  increased  6  or  8  feet  by  extending  a  moderate  distance 
down  stream.  This  privilege  is  not  for  sale,  but  power  is  rented  to  N.  G.  Eeed  for  a  box-shop  and  a  small  grist-mill. 
The  two  succeeding  falls  above,  of  18  feet  and  20  or  22  feet,  respectively,  are  used  by  the  Gilbert  company,  furnishing 
to  two  mills  an  aggregate  of  about  600  horse-power.  The  river-bed  in  this  vicinity  is  mainly  composed  of  gravel 
and  bowlders.  The  immediate  valley  is  rather  narrow,  and  the  village  is  very  prettily  located  on  rising  ground. 
The  pondage  above  the  lower  dams  is  small,  but  the  upper  dam  sets  the  river  back  a  long  way  and  affords  a  good 
storage.  Still  farther  up  the  stream  is  said  to  continue  quite  flat  on  to  the  Hardwick  paper-mill  privilege,  but  no 
examination  was  made  above  Gilbertville,  14  miles  from  the  mouth. 

The  Swift  river. — The  Middle  branch  of  the  Swift  river  has  its  source  in  North  pond,  in  the  town  of  Orange; 
running  southerly,  it  is  joined,  a  mile  or  two  above  Enfield,  by  the  East  branch,  and  again,  a  couple  of  miles  below 
the  village,  by  the  West  branch.  The  distance,  by  river,  from  North  pond  to  Three  Elvers  is  30  miles.  The  total 
area  drained  is  209  square  miles.  The  stream  is  considered  to  be  quite  uniform,  well  sustained  in  summer,  and 
well  suited  to  manufacturing.  So  far  as  could  learned  there  are  no  storage  reservoirs  for  use  during  the  dry 
season,  although  it  is  said  that  they  could  be  built  without  much  difiiculty;  but  there  are  a  number  of  natural 
ponds  in  the  basin,  and  above  Enfield  the  Middle  branch  frequently  spreads  out,  and  so  forms  a  chain  of  several 
ponds  along  its  course.  The  country  drained,  by  the  Middle  branch  at  least,  is  hilly,  and  tolerably  well  wooded 
with  a  young  growth  of  timber. 

The  first  water-privilege  above  Three  Elvers,  on  Swift  river,  is  at  Barretts  Junction,  about  2  miles  from  the 
mouth,  and  is  owned  by  the  Barrett's  Junction  Water  Power  Company.  The  dam  is  about  120  feet  long  between 
abutments,  10  feet  high,  and  was  built  in  1881  at  an  approximate  cost  of  $5,000.  It  rests  on  rock,  and  is  built  up 
as  a  log  crib-work  sloping  each  way  from  the  top.    It  sets  the  river  back  for  about  half  a  mile,  giving  a  very  good 

a  The  falls  at  the  two  upper  levels  have  recently  been  changed  somewhat,  hut  with  the  old  fall  of  25  or  26  feet  at  the  first  level, 
the  wheels  were  rated  at  a  total  of  389  horse-power. 
272 
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storage.  A  long  canal  runs  from  the  vicinity  of  the  dam,  cutting  somewhat  across  a  bend  of  the  stream  and  leaving 
room  in  between  for  mills.  Near  the  lower  end  of  this  race  a  small  side  canal  carries  water  to  a  wheel  from  which, 
by  wire  cable,  power  is  transmitted  several  hundred  feet  across  the  river  to  the  works  of  the  Springfield  Soapstone 
Company,  which  rents  125  horsepower. 

Ihe  fall  on  this  privilege  is  20  feet,  and  the  available  power  is  estimated  by  the  water-power  company  at  500 
horse  power  in  a  low  stage  of  the  river.  The  company  owns  65  acres  of  laud  in  the  bend  of  the  river,  said  to  be 
level  and  well  suited  for  sites  for  mills  and  a  village.  The  dam,  canal,  and  land  have  cost  about  $20,000.  The 
company  wishes  to  sell  its  land  and  lease  the  power;  the  rental  cLarged  the  Springfield  comjiany,  and  which  would 
probably  be  the  same  for  other  concerns,  is  about  $9  per  horsepower.  A  short  distance  below  the  dam  Jabish 
brook,  quite  an  important  little  stream,  empties  into  the  river.  The  design  is  to  bnild  another  dam  below  the 
mouth  ot  this  brook,  and  then  to  use  its  wal  er  and  the  waste  from  the  upi)er  dam  to  run  the  soapstone  works,  leaving 
the  whole  power  from  the  main  canal  still  for  rental.  The  New  London  Northern  railroad  proposes  to  cross  the 
river  on  a  bridge  for  which  the  abutments  of  the  new  dam  shall  serve  as  supports,  and  to  run  eonveniently  through 
the  company's  property.    The  power  available  here  may  be  estimated  as  follows : 

Estimate  of  power  at  Barretfs  Junction. 


Stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  19  months,  average  year  . 


RAINFALL  ON   BASIS. 


Spring.     Summer.  Autumn.    Winter.        Tear. 


Inches.      Inches. 
Hi  12 


Inches. 
12 


Inches. 
10 


Inches. 
45i 


Drainafie 
area,  (a) 


Sq.  miles. 
207 


Mow  per 

second, 

average  for 

tIio24 
hours.  (&) 


OuMcfeet. 
90 
120 
140 


Theoreticul  bora 
power. 


I  foot  fall. 
10.22 
13.63 
15.90 


20feetfan. 
200 
270 
320 


Effective 
borae-pow- 
er  utilized. 


125 


a  Inolnding  that  of  Jabish  brook. 


h  In  low  water  the  flow  and  power  can  be  doubled  for  12  hours. 


At  Bondsville,  a  little  way  farther  up  stream,  the  Boston  Duck  Company  owns  two  falls,  both  improved.  At 
the  time  this  place  was  visited  the  lower  dam  and  canal  had  been  built,  and  the  company  designed  to  erect  soon  a 
mill  in  connection  for  the  manufacture  of  some  kind  of  cotton  goods.  The  available  fall  on  this  privilege  is  21.2 
,  feet,  and  leaves  nothing  of  importance  down,  to  Barrett's  Junction,  a  half-mile  below. 

The  two  dams  at  Bondsville  -are  in  style  of  construction  almost  exactly  alike,  varying  slightly  in  dimensions. 
The  lower  was  built  in  1879,  and  cost  $14,000.  It  is  of  stone  In  cement,  cut  bed  and  build,  and  is  of  uniform 
construction  from  face  to  back,  with  roll-way  145  feet  long.  The  base  is  16  feet,  the  height  12  feet  from  top  of 
apron-stone  to  top  of  coping,  and  the  face  has  a  batter  of  an  incfi  and  a  half  to  the  foot.  The  coping-stones 
project  12  inches  from  the  face  of  the  dam,  are  12  inches  thick,  9  feet  long,  and  slope  back  at  the  rate  of  perhaps 
1  in  4.  The  face  of  the  dam  rests  directly  on  apron-stones,  which  project  2  feet  under  it  and  11  feet  in  front.  The 
back  of  the  dam  rests  u'pasi  a  priming- wall  2  feet  thick  and  6  feet  deep,  and  the  down-stream  end  of  the  apron  rests 
upon  a  similar  wall  4  feefr  deep.  The  space  between  these  two  walls  is  tilled  in  with  grouted  gravel.  The  natural 
feed  of  the  stream  here  is  entirely  gravel. 

The  upper  dam  is  15  feet  high,  18  feet  wide  at  the  base,  with  roll-way  130  feet  long,  and  cost  $20,000.  A  canal 
about  1,000  feet  long  leads  to  the  mill,  where  about  500  horse-power  is  used  under  21  feet  fall.  The  Boston  Duck 
Company  manufactures  light  cotton-duck,  runs  18,000  spindles  and  324  looms,  and  employs  400  hands.  A  160 
horse-power  engine  is  used  for  auxiliary  power  in  low  water,  and  during  the  summer  of  1882  was  run  for  30  days. 
The  upper  dam  sets  the  river  back  some  3  miles  and  gives  a  large  storage,  so  that  in  a  very  dry  season  the  night- 
flow  of  the  stream  is  ponded  for  a  period  of  two  or  three  weeks. 

Abov;e  Bondsville  there  is  said  to  be  no  opportunity  for  a  privilege  before  reaching  West  Ware.  At  that 
point  there  is  a  log  dam,  from  150  to  200  feet  long,  with  a  fall  of  8  feet.  Three-quarters  of  this  privilege  is  said  to 
be  owned  by  J.  B.  Warren,  of  Springfield,  and  one-quarter  by.  the  proprietor  of  a  small  cotton-batting  mill  on  the 
right  bank.  It  is  claimed  that  by  extending  the  present  canal  200  rods,  or,  much  better,  by  building  a  new  dam 
that  distance  down  stream,  a  fall  of  16  feet  can  be  realized,  and  a  good  flowage. 


Estimate  ofpotcer  at  West  Ware. 


Stage  of  river. 

Drainage 
area. 

Flow  per 

second, 

average  for 

the  24 
hours,  (a/ 

Theoretical  horse-power. 

Effective 

horse- 
power util- 
ized. 

Sq.  miles. 
^          183 

Cx^icfeet. 
C           70 
i          100 
[          120 

1  foot  fall. 
7.95 

S  feet  fall. 
65 

Wfeetfall. 
130 
180 

1      « 

11.36    ■               90 

Available  10  months,  average  year. . . 

13.63 

110 

220 

a  In  low  stages  the  flow  and  power  can  be  doubled,  during  the  ordinary  worldng-honrs,  by  pondage  here  and  above. 
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The  next  dam  is  at  Enfield,  on  the  Middle  branch,  some  12  miles  from  Three  Elvers.  At  the  lower  village  the 
Minot  Company  uses  11  feet  fall  and  72  horse-power  in  the  manufacture  of  woolen  goods. 

At  the  upper  village  the  Swift  River  Company  runs  8  sets  of  cards  on  fancy  cassimeres.  This  company  has 
16  feet  fall,  and  uses  one  wheel  of  70  or  80  horse-power  for  the  main  mill,  besides  from  30  to  35  horse-power  for  a 
small  saw-mill,  gristmill,  and  box-shop.  There  is  a  moderate  pondage  here,  but  a  mile  up  stream  the  company  has 
a  low  dam,  consisting  of  a  sill  about  even  with  the  natural  water-surface,  surmounted  by  15  or  1 8  inches  of  flash-boards; 
and  as  the  river  is  very  flat  above,  it  is  set  back  a  long  distance  on  both  the  Middle  and  East  branches.  The  pond 
thus  formed  is  used  for  storing  the  night-flow,  which  it  does,  without  allowing  wastage  over  the  dam,  for  from 
three  to  six  weeks  in  an  average  year. 

The  stream  above*  Enfield  -was  not  visited.  There  are  said  to  be  occasional  small  mills  in  that  portion,  but 
none  wf  special  importance. 

MILL   EIVER. 

This  important  little  stream  joihs  the  Connecticut  river  from  the  westin  the  town  of  JSTorthampton,  Massacausetts. 
It  is  16  miles  long,  and  contains  within  its  drainage  basin  68  square  miles.  The  section  thus  included  is  hilly,  and 
toward  the  headwaters  becomes  quite  elevated,  with  many  steep  and  rocky  slopes. 

The  stream  is  sustained  in  low  water  by  two  reservoirs,  distant  about  9  miles  from  the  village  of  Leeds.  They 
lie  near  the  center  of  the  town  of  Goshen,  and  about  half  a  mile  apart  on  the  course  of  a  small  stream.  The  upper 
reservoir  is  the  smaller,  flows  64  acres,  and  can  be  drawn  down  about  15  feet  from  full- water, line,  though  the 
average  depth  is  much  less.  It  lies  close  to  the  limits  of  the  water-shed,  and  has,  in  fact,  a  dam  at  each  end,  the 
farther  one  to  prevent  flow  over  toward  Cummington.  It  is  fed  partly  by  springs  and  one  or  two  little  brooks, 
but  mainly  by  spring  rains  and  melting  snows,  and  fills  readily.  The  lower  reservoir  flows  133  acres,  and  can  be 
drawn  down  25  feet  at  the  gates.  It  receives  no  stream  except  the  one  coming  frcm  the  upper  reservoir,  but  fills 
regularly. 

These  reservoirs  were  built  before  the  one  which  failed  in  1874.  They  are  owned  by  the  Hampshire  Eeservoir 
Company,  an  association  made  up  of  ten  or  eleven  of  the  mill-owners,  who  hold  stock  about  in  the  proportion  of 
their  fall.  Once  in  two  years  or  so  they  are  assessed  for  repairs.  The  reservoirs  are  usually  drawn  upon  fi?om  the 
latter  part  of  June  till  the  middle  df  September,  and  the  flow  of  the  stream  is  kept  up  as  nearly  as  possible  to  the 
wants  of  all  but  two  or  three  of  the  largest  mills.  But  even  with  the  help  of  the  reservoirs  the  supj)ly  of  water  is 
insufficient,  and  nearly  all  the  mills  have  auxiliary  steam-power.  The  present  reservoirs  could  not  be  raised 
farther,  but  the  Williamsburg  reservoir,  which  failed,  might  be  rebuilt,  and  would  in  that  case  be  of  great  assistance 
to  the  stream.     Its  location  was  naturally  fine,  and  manj^  of  the  mill-owners  are  in  favor  of  rebuilding  it. 

The  breaking  away  of  this  reservoir,  May  16,  1874,  was  a  memorable  disaster,  and  it  may  be  well  to  give  a  few 
facts  regarding  the  construction  of  the  dam  and  the  causes  of  its  failure.  Soon  after  the  oocurreuce  an  examination 
was  made  by  a  committee  of  the  American  Society  of  Civil  Engineers,  and  from,  their  report  (a)  the  information 
here  given  is  almost  entirely  drawn.    They  described  the  dam  as  having  been — 

*  ^  *  between  ECO  and  600  feet  long,  and  about  43  feet  higb  at  Ihe  higbest  point  ueiir  the  center,  diminishing  to  nothing  at 
the  ends,  fornjing  a  reservoir  when  filled,  in  the  valley  above  it,  of  an  area  of  111  acre.«,  Avith  an  average  depth  of  about  20  feet.  At  the 
time  of  the  failure,  the  water  was  ai)Out  4  feet  below  the  top  of  the  embankment  (not  an  unusual  height  at  this  season),  and  within  a 
few  months  it  has  been  at  least  a  foot  higher.  The  failure  took  i^lace  between  7  and  8  o'clock  on  the  morning  of  May  16,  last,  when 
probably  three- quarters  of  the  contents  of  the  reservoir  escaped  in  about  "20  minutes',  or  at  the  rate  of  about  60,000  cubic  feet  a  second, 
destroying  in  its  course  through  the  steep  and  narrow  valley  below,  143  lives,  and  property  to  the  amount  of  more  than  §1,000,000.  The- 
dam  consists  of  an  earthen  embankment  with  a  longitudinal  wall  of  stone  and  cement  through  its  center,  a  waste-way  33  feet  wide  in  the 
natural  ground  at  one  end  of  the  embanknient,  and  a  16-inch  pipe  through  the  embankment  and  wall  at  the  lowest  point,  for  the  discharge 
of  the  water  as  wanted  for  use  at  the  mills  below. 

The  dam  was  built  in  1865  by  the  reservoir  company,  and  therefore  stood  for  eight  or  nine  years  before  giving 
way.  It  was  built  upon  a  foundation  consisting  naturally  of  very  compact  hard-pan,  overlaid  by  about  2  feet  of 
coarse  gravel  and  a  few  inches  of  soil.  The  embankment  was  formed  of  a  washed  and  porous  gravel  obtained  from 
a  neighboring  side-hill;  it  contained  a  little  loam,  but  had  r.othing  binding  in  its  character,  and  was  not  suited  ta 
making  into  a  puddle  which  should  be  impervious  to  water.  The  chief  reliance  had  to  be  placed,  for  retaining  the 
water,  <'*  *  *  in  the  cement  wall  and  the  complete  union  of  its  base  with  the  hard-pan;  the  main  ofiice  of  the 
embankment  being  to  support  and  protect  the  wall."  But  the  evidence  showed  that  no  efiicient  measures  were- 
taken  to  insure  this  complete  union  and  thus  to  guard  against  percolation.  The  stored  water  was  free  from  sediment, 
which,  if  present,  miglit  have  been  deposited  so  as  to  render  the  embankment  water-tight.  The  embankment  slopes 
were  enly  1^  to  1,  and  its  top  was  carried  only  2  feet  above  the  top  of  the  wall,  too  slight  a  covering  to  guard  against 
frost  in  this  cold  climate. 

A  great  fault,  moreover,  seems  to  have  existed  in  th6  inspection  of  the  work,  which  was  not  skillful  and  was. 
much  of  the  time  altogether  lacking.  The  bottom  of  the  wall  was  not  even  in  all  cases  carried  down  to  hard-pan ; 
it  was  laid  up  dry  and  grouted  5  feet  at  a  time ;  the  mortar  was  poor  and  did  not  fill  all  the  crevices.    The  soil  and 
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porous  gravel  were  ouly  partially  removed  from  the  site  of  the  dam.  It  is  not  surprisiDg,  therefore,  in  view  of  the 
various  defects  painted  out  by  the  ccinmittee,  and  which  have  been  briefly  mentioned  above,  that  when  the  trying 
time  came  the  whole  structure  quickly  collapsed.    In  speaking  of  the  failure  the  committee  said: 

It  is  probably  not  possible  to  ascertain  with  certainty  the  iiliinecliate  cause  of  the  failure,  but  from  the  evidence  obtained  we  can 
come  to  no  other  conclusion  than  that  the  water  found  its  way  under  the  wall  at  a  point  about  100  feet  from  the  discharge-pipe,  causing 
a  slip  in  the  embankment  on  the  down-stream  side  of  the  center  wall,  which,  being  then  unsupported,  yielded  to  the  pressure  ou  the 
upper  side,  and,  falling  over,  made  a  breach,  which  was  rapidly  enlarged  by  the  wasting  awaj'  of  the  embankment  and  the  fall  of  other 
parts  of  the  wall.  It  may  be  asked,  if  this  was  the  immediate  cause,  why  did  it  not  happea  before,  when  the  reservoir  was  at  a  higher 
level?  The  answer,  we  think,  would  be  that  there  has  been  a  gradual  working  out  of  the  gravel  under  and  near  the  wall,  and  loose 
places  or  cavities  formed,  which,  when  they  had  attained  a  certain  development,  would  suddenly  lead  to  the  failure. 

The  bed  of  the  stream  is  largely  composed  of  coarse  granite  and  gneiss,  and  affords  secure  foundation  for  the 
dams,  which  are  in  most  cases  built  of  stone.  Much  the  greater  part  of  the  fall  of  the  stream,  in  the  main  portion 
of  its  course,  is  taken  up  and  in  use ;  but  there  yet  remains  some  unimproved  fall,  probably  much  the  best  privilege 
being  one  at  Leeds,  with  35  feet  available  fall,  owned  by  Mr.  George  P.  Warner,  of  the  Mill  Eiver  Button  Company. 
Mr.  Warner  holds  it  for  sale,  and  has  30  or  40  acres  of  land  adjoining.  The  privilege  was  formerly  improved  by  a 
*am,  part  of  which  still  stands  in  ruins  ;  there  is  a  rock  ledge  in  each  bank  at  its  site.  With  35  feet  fall  probably 
140  horse-power  could  be  realized,  12  hours  in  the  day,  during  at  least  nine  months  in  an  average  year. 

There  are  some  concerns,  of  moderate  size,  above  Williamsburg,  but  the  most  important  are  from  that  poiat 
to  the  mouth,  and  are  mentioned  in  the  following  list : 

Principal  water-privileges  on  Mill  river  from  Williamsburg  to  the  mouth. 


Locality. 


Williama'burg 

Hay  denville 

Do 

Leeds 

Do 

Do 

Florence 

Do 

Bay  State  village  . 

Do 

Paper-mill  village 
^Northampton 

Do 


H.  L.  .rames 

Hay  den  Company 

Lncios  Eilggs,  Son,  &  Co. 
Nonotuck  Silk  Company. . 


Mill  Eiyer  Button  Company 

Owned  by  G-.  P.  Warner 

Greenville  Mannfactaiing  Company- 
Nonotuck  Silk  Company 


Northampton  Cutlery  Company  . .  - 
Clement  Manufacturing  Company  . 

Vernon  Paper  Company 

C.  A.  Maynard 


H.  Lamb  &  Co. 


Manufacture. 


Woolen  goods. 

Brass  goods 

Cotton  goods . . 


Sewing-silk,  machine-twist,  and  knit- 
ting-silk. 

Vegetable-ivory  buttons 

Unimproved 

Sheetings  and  drills , 


Sewing-silk,  machine-twist,  and  knit- 
ting-silk. 

Cutlery 

do 


Hoes. 


Wire  works. 


Fan. 


Ffet. 
16 
18 
22 
30  ± 

12 
35 

24 

22 
10 


Bemarks. 


65  horse-power  used  in  1880. 
86  horse-power  used  in  1880. 
2  privileges. 

50  horse-power  in  use  in  1880. 
For  sale.    Good  power. 
5,000  spindles. 


120  horse-power  used  by  Maynard  in  1880, 
and  BO  horse-power  by  concern  for  mak- 
ing tape. 

Power  used  from  same  privilege  by  giist- 
mUl. 


THE   DBERFIELD   EIVER. 


In  point  of  area  drained,  the  Deerfleld  river  ranks  second  among  the  tributaries  of  the  Connecticut  river, 
containing  within  its  basin  646  square  miles.  It  rises  in  the  town  of  Stratton,  in  southern  Vermont,  and  runs  theace 
southerly  into  Franklin  county,  Massachusetts ;  4J  miles  south  of  the  Vermont  line  it  turns,  through  fully  ninety 
degrees,  and  pursues  a  somewhat  southeasterly  course,  joining  the  Connecticut  river  a  mile  or  so  southeast  of 
Greenfield. 

The  stream  affords  opportunity  for  developing  a  number  of  good  privileges.  It  has  a  rapid  fall,  and  at  most 
seasons  carries  a  considerable  volume  of  water.  It  is  not,  however,  assisted  by  storage  reservoirs,  and  there 
are  very  few  mill-ponds  eVen,  except  in  the  upper  waters.  So  fai  as  could  be  learned  there  is  not  in  Massachusetts 
a  single  natural  pond  of  importance  tributary  to  it ;  in  Vermont  there  are  shown  on  the  maps  half  a  dozen  ponds  of 
moderate  size  in  the  upper  basin,  but  no  information  can  here  be  given  as  to  their  true  extent  or  value.  The  country 
drained  by  the  Deerfleld  is  hilly  throughout,  and  even  rises  to  mountains  in  the  upper  basin,  where  the  slopes  are 
very  abrupt  and  rocky.  JTaturally,  therefore,  the  stream  runs  very  ]®w  in  the  dry  season,  and  is  subject,  on  the 
other  hand,  to  sudden  and  extreme  rises.  After  the  storm  of  September  21-23,  1882,  which  was  an  unusually 
heavy  one,  drift  was  noticed  that  had  been  left  10  feet  above  low  water  on  the  bank  near  Charlemont,  where  the 
stream  was  of  normal  width  and  had  a  moderate  current.  On  the  Shelburne  Falls  dam,  about  500  ("2)  feet  long,  the 
depth  of  water  in  that  storm  was  estimated  at  about  6  feet,  which  has  frequently  been  observed  before. 

The  Fitchburg  railroad  follows  the  river  closely  from  its  mouth  to  Hoosac  Tunnel,  at  which  point  the  upper 
course  of  the  river  diverges.  The  ISTew  Haven  and  Northampton  railroad  also  follows  the  lower  river  for  a  short 
distance,  and  then  continues  on  to  Iforth  Adams  over  the  Fitchburg  tracks.    Although  the  stream  is  thus  skirted 
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in  the  main  part  of  its  course  by  railroads,  there  are,  with  the  exception  of  Shelburne  Falls,  no  villages  or  local 
industries  of  much  importance  upon  its  banks ;  the  adjoining  country  does  not  appear  rich  agriculturally,  and 
settlement  is  rather  sparse. 

In  a  distance  of  over  40  miles  from  its  mouth  there  a,re  but  three  improved  water-privileges  on  theDeerfield 
river— at  Shelburne  Falls,  Hoosac  Tunnel,  and  Eeadsborough.  It  is  not  easy  to  account  entirely  for  the  slight 
development  of  power  on  this  stream,  which  seems  as  favorably  situated  as  other  streams  that  are  much  more 
used.  It  is  not  improbable,  however,  that  the  present  rather  fluctuating,  wild,  and  unrestrained  character  of  the 
river  may  have  much  to  do  in  deterring  manufacturers  from  improving  it,  so  long  as  they  can  find  other  streams 
that  are  free  from  this  disadvantage.  The  Deerfield  is  undoubtedly  a  violent  rivar  in  freshets,  and  is  visited  by 
heavy  runs  of  ice,  but  these  are  faults  common  to  a  great  many  New  England  streams  in  their  natural  state  j  they 
call  for  strongly-constructed  works,  but  become  much  modified  as  the  streams  are  built  up  with  dams,  and  as 
storage  reservoirs  are  developed  to  distribute  through  the  dry  season  the  melting  snows  and  heavy  rains  of  spring. 
Again,  portions  of  the  valley  are  undoubtedly  too  confined  to  accommodate  villages  of  importance,  or  even  mills; 
but  there  are  numerous  widenings  where  there  is  abundant  room.  As  regards  shipping  facilities,  it  has  already 
been  mentioned  that  two  lines  of  railroad  reach  the  stream,  and  these  give  easy  communication  with  three 
important  points ;  the  main  portion  of  the  course  is  distant,  by  the  Fitchburg  railroad,  from  110  to  140  miles 
from  Boston,  and  from  50  to  80  miles  from  navigation  on  the  Hudson  river  at  Troy,  and  by  the  New  Haven  and 
Northampton  railroad  the  distance  to  New  York  is  about  175  miles. 

Table  slioicing  the  fall  in  the  Deerfield  river. 

[Authority  for  elevations ;  Profile  of  Troy  .and  Greenfield  railroad.] 


Locality. 


Distance 
aljove 
montb. 

Elevation 
of  water- 
surface 
above  sea- 
level. 

Miles. 

Feet. 

a  42.  5 

1,154 

32.5 

754 

27:5 

5G8 

9.5 

172 

4.5(!) 

126 

Fall 
between 
points. 


Distance 
between 
points. 


Pall  per 

mile 
between 
points. 


Bemarks. 


Feet. 


Miles. 


Seadsboroogh,  Vermont 

Top  of  Hooaao  Tunnel  dam 

At  Zoar  bridge,  24i  miles  west  of  Greenfield 

At  BardweE's  brfdge,  8i  miles  west  of  Greenfield 
At  Deerfield  meadows,  opposite  old  Deerfield 


400 

186 

396 

46 


10 
5 

18 
5 


Feet. 

40.  oj 

37.2 

22.0 

9.2 


Elevation  approximate.  I'all  said  to  be 
abont  400  feet  frcun  Keadsborongh  to 
Hoosac  Tannel  dam. 


a  Mouth  of  West  branch. 

For  the  lower  6  miles  of  its  course  the  Deerfield  runs  through  fertile  meadows  bordered  on  the  east  by  high 
hills.  The  meadows  are  largely  devoted  to  grass,  but  are  also  well  cultivated  in  corn.  The  river  here  runs 
smoothly,  and  its  bed  appears  to  be  sand  and  fine  gravel.  Immediately  above  the  sharp  turn  in  the  vicinity  of 
Wapping  the  hills  close  in  on  either  side,  and  the  river  runs  about  300  feet  wide  over  a  bed  of  coarse  gravel  and 
between  high  steep  banks  of  gravel  or  rock.  It  now  lies  for  some  distance  at  the  bottom  of  a  deep  and  narrow 
valley  too  difficult  of  access  to  invite  improvement;  the  carriage-road  leaves  the  stream,  and  does  not  again 
approach  it  till  near  Shelburne  Falls,  but  the  railroads  follow  either  bank  high  above  the  river,  until  they  connect 
at  -BardwelPs.  In  the  vicinity  of  Shelburne  Falls  the  valley  widens  out,  but  continues  flanked  by  high  hills,  their 
steep  slopes  covered  with  brush  and  young  timber.  The  river  here  flows  over  a  bed  of  gravel  and  bowlders,  with 
ledge  rock  appearing  at  intervals  in  the  bed  and  frequently  in  the  banks. 

About  half  a  mile,  by  straight  course,  below  Shelburne  Falls,  J.  W.  Gardner,  esq.,  of  that  place,  owns  a  water- 
privilege  with  the  adjoining  laud.  He  would  like  to  retain  some  interest  in  the  privilege,  but  would  offer  liberal 
inducements  to  parties  wishing  to  improve  it.  The  stream  here  runs  southerly  and  has  a  very  rapid  descent.  The 
right  bank  shows  a  long  and  extensive  exposure  of  granite  rising  15  or  20  feet  from  the  water.  The  left  bank  shows 
similar  ledges,  but  they  do  not  occur  at  the  same  time  in  both  banks.  Elsewhere  the  banks  appear  generally  firm, 
with  bowlders  cropping  out,  but  at  oue  or  two  points  the  left  bank  is  sandy.  That  bank  is  also  steep  and  unsuited 
to  building,  while  the  right  bank  is  succeeded  by  gently-sloping  ground,  of  suitable  character  and  sufficient  extent 
for  mills  and  a  village.  Just  beyond  this  easy  slope,  and  farther  up  the  hillside,  is  the  railroad.  It  was  stated 
that  the  Fitchburg  Railroad  Company  had  offered  to  run  a  spur-track  down  to  the  grounds  at  its  own  expense  if 
the  power  should  be  improved.  It  is  a  question  as  to  how  the  privilege  could  best  be  developed.  A  ledge  of  rocks 
running  across  the  stream  offers  a  natural  foundation  for  a  dam,  but  the  left  bank  is  there  sandy.  If  a  canal  of  any 
considerable  length  were  run,  it  is  probable  that  rock  would  be  encountered  and  blasting  be  necessary.  Somewhat 
farther  down  stream  the  right  bank  is  high  and  appears  firm,  while  on  the  opposite  side  is  a  high  granite  ledge. 
The  right  bank  rises  about  25  feet  from  the  water  and  is  succeeded  by  fine  level  ground.  Probably  a  dam  15  feet 
high  could  be  built  here,  and  the  fall  used  at  once  without  a  canal.  Mr,  Gardner  claims  an  available  fall  of  18  feet 
for  liis  i)rivilege,  the  power  of  which  may  be  estimated  as  follows: 
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Estimate  6/ power  near  Shelbnrne  Falls. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year  . 


EAINFALL  ON  BA8IK. 


Spring. 


Inches, 
11 


Summer. 


Inches. 
13 


Autumn. 


Inches. 
121 


Winter. 


Inches. 

81 


Tear. 


Inches. 
46 


Drainage 
area  (ap- 
proximate). 


Sq. mites. 
475 


Flow  per 
second,  av- 
erage for 

the  24 
hours,  (a) 


Oubiefeet. 
140 
190 
290 


Theoretical  horse-power. 


1  foot  fall. 
15.90 
21.58 
32.94 


i6feetfall. 
240 
320 
490 


W  feet  fail. 
290 
390 
590 


a  It  ia  to  he  noticed  that  hoth  here  and  above  the  village  of  Shelburne  Falls  the  descent  of  the  stream  is  so  rapid  that  very  little  storage  is  to  be  obtained,  and 
it  is  not  therefore  practicable  to  increase  much,  during  the  10  or  12  working  hours,  the  average  flow  for  the  24  hours. 

At  the  village  of  Shelburne  Falls  the  water-power  is  owned  almost  entirely  by  the  Lamson  &  Goodnow 
Manufacturing  Company,  employing  300  hands  in  the  manufacture  of  cutlery.  The  dam  runs  across  the  river  in 
an  irregular  line,  convex  up  stream,  and  is  built  upon  huge  ledges  of  granite  rock  which  are  exposed  largely  at 
this  point.  It  is  built  of  logs,  is  perhaps  9  feet  high,  and  cost  approximately  $7,000.  The  pondage  is  insignificant, 
extending  back  but  a  few  hundred  feet  at  the  farthest.  At  the  south  end  of  the  dam  is  a  very  heavy  bulkhead  of 
rubble  and  cement  masonry,  18  or  20  feet  wide  on  top,  rising  10  feet  above  the  ordinary  water-surface  and  running 
inshore  some  distance  to  high  ground.  A  short  race  leads  to  the  mills,  where  power  is  taken  from  two  overshot 
wheels,  each  of  125  horse-power,  and  a  100  horse-power  turbine. 
These  run  under  a  head  of  25  feet. 

On  the  north  side  of  the  river  are  several  small  concerns.  Frost 
&  Bartlett  rent  power  for  a  saw-,  planing-,  and  2run  grist-mill,  bat 
are  shut  down  in  low  water.  Just  below  there  is  a  small  tannery 
occasionally  using  a  few  horsepower ;  and,  lastly,  H.  H.  Mayhue 
has  a  small  shop  for  making  bits  and  gimlets,  where  he  uses  about 
8  feet  fall  and,  as  stated,  25  horse-power.  Mayhue  claims  a  right 
to  one-eighth  the  flow  of  the  river,  but  in  ])ractice  shuts  down  in 
low  water  for  the  benefit  of  the  Lamson  &  Goodnow  company. 
Throughout  an  average  year  this  company  can  run  its  works  at 
full  capacity  by  water-power  without  hinderance,  but  in  a  very  dry 
season,  such  as  the  summer  of  1882,  there  is  a  little  shortage  for 
about  two  weeks,  but  both  overshots  can  always  be  run. 

The  dam  was  originally  shorter  than  at  present,  and  the  bulk- 
head was  subject  to  injury  from  high  freshets  and  from  floating  ice, 
which,  owing  to  a  bend  in  the  stream,  naturally  sets  that  way.  In 
October,  1869,  the  water  is  estimated  to  have  run  12  or  14  feet  deep 
on  the  old  roll- way,  and  the  bulkhead  and  four  of  the  buildings  be- 
longing to  the  Lamson  &  Goodaow  works  were  carried  away.  The 
roll-way  was  subsequently  extended  175  feet  to  its  present  length 
of  perhaps  500  feet,  and  a  strong  bulkhead  was  built  which  seems 

capable  of  withstanding  any  force  of  the  river.     On  the  dam,  as  at  present,  the  depth  of  water  in  an  ordinary  spring 
freshet  does  not  exceed  3  feet. 

There  is  a  very  rapid  descent  in  the  river  below  the  dam,  and  from  the  top  of  that  structure  down  to  the  foot 
of  the  principal  rapids  there  is  a  fall  of  70  feet,  all  owned  by  the  Lamson  &  Goodnow  company.  There  is  thus  a 
large  amount  of  fall  and  power  not  in  use,  and  this  the  company  is  willing  to  sell.  Its  present  canal  would  not 
probably  carry  much  surplus  water  beyond  its  own  needs,  but  by  extending  the  tail-race  as  a  second  level  the 
water  could  be  used  over  again,  and  there  is  a  fair  location  for  a  mill. 

Estimate  of  power  on  the  Lamson  &  Goodnow  Manufacturing  Company'' s  privilege. 


Flu   25  — Shelbuine  Fallb,  Deeiiield  nver 


Stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year-  - 


Drainage 

area. 


8q.  miles. 
474 


Flow  per 
second, 
average 

for  the  24 
hours. 


Oubiefeet 

r         140 

190 

I  290 


Theoretical  horse-power. 


IfootfaU. 
15.90 
21.58 
32.94 


25feetfaU. 

'  400 
540 
820 


SZfeetfall. 
560 
760 
1,150 


n  feet  fall. 
1,110 
1,610 
2,310 


Effective 
horse- 
power 

utilized. 


From  Shelburne  Falls  up  to  Hoosac  Tunnel  there  is  a  pretty  continuous  shoal,  with  only  occasional  short 
stretches  of  quiet  water.  The  bed  and  banks  are  gravelly,  and  the  former  seldom  sbows  any  considerable  rock 
exposure.  At  Scott's  bridge,  however,  a  mile  or  so  from  Shelburne  Falls,  there  is  a  rapid  fall  over  rock;  the 
stream  is  there  narrow,  confiaed  between  high  banks,  and  the  site  for  buildiHg  is  not  very  favorable.  Between 
Shelburne  Falls  and  Charlemont  the  valley  is  generally  of  fair  width,  and  especially  at  East  Charlemont  and 
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vicinity  it  opens  out  finely,  the  hills  receding  from  the  river  and  leaving  a  splendid  site  for  a  village.  Again,  at 
Charlemont,  at  a  point  between  there  and  Zoar,  and  at  Hoosac  Tunnel  station,  the  valley  widens  out,  and  the 
stream  is  bordered  by  flat  or  gently-rising  ground,  ample  for  building-purposes.  Elsewhere  than  at  the  localities 
mentioned  the  valley  is  generally  narrow  and  inclosed  by  steep  slopes. 

Opposite  Hoosac  Tunnel  station  the  river  is  about  ISO  feet  wide.  Just  as  the  railroad  strikes  in  toward  the 
mountain  the  river  bends  sharply  and  comes  from  the  north,  and  its  valley  soon  becomes  contracted  and  narrow  as 
we  ascend.  The  old  state  dam  is  perhaps  2,000  feet  above  the  tunnel,  at  a  point  where  the  hills  rise  quite  abruptly 
from  the  stream.  At  the  west  end  the  dam  abuts  on  a  huge  ledge  of  outcropping  rock,  the  strata  of  which  are 
tilted  almost  vertical.  At  the  opposite  end  the  bank  is  gravel,  and  the  abutment  is  of  masonry,  into  which  are  built 
vertical  ribs  of  timber,  with  plank-facing  over  all.  The  masonry  is  in  very  good  condition,  but  the  ribs  are  decayed 
and  much  of  the  planking  is  gone.  The  dam  is  a  straight  structure,  the  roll- way  stated  to  be  about  250  feet  long 
and  about  2©  feet  high  above  the  river-bed ;  it  is  built  of  logs  dressed  and  notched,  and  has  a  nearly  vertical  face,  and 
a,n  apron  in  three  broad  offsets  of  30  or  40  feet  each.  Both  the  dam  and  apron  are  in  fine  condition.  The  bulkhead 
is  of  timber,  built  from  one  solid  ledge  to  another,  between  which  the  canal  was  blasted  out  for  a  short  distance. 

The  canal  has  a  length  of  about  a  third  of  a  mile,  is  from  25  to  30  feet  wide  and  8  feet  deep.  About  midway 
of  its  length  there  is  between  it  and  the  river  a  fine  level  piece  of  ground,  perhaps  200  feet  wide,  and  well  siiited 
to  use  for  a  mill-site.  At  the  foot  of  the  canal  is  a  machine-shop  of  the  Fitchburg  railroad,  with  a  small  saw-mill 
adjoining.  The  water-wheels  have  a  capacity  of  225  horse-power,  but  only  a  small  amount  of  this. is  actually  in 
use.  The  head  on  the  wheels  is  29^  feet.  The  hydraulic  works  which  have  been  described  were  originally  built  by 
the  state  of  Massachusetts  during  the  construction  of  the  Hoosac  tunnel,  and  the  power  was  used  for  compressing 
air;  500  or  600  horse-power  was  in  constant  use,  day  and  night,  for  that  purpose.  The  superintendent  of  the 
machine-shop  states  that  during  the  progress  of  the  work  referred  to  it  was  the  experience  that  for  two  months  in 
summer  there  was  commonly  only  about  enough  water  for  200  horse-power,  but  for  most  of  the  year  abundance 
for  the  full  capacity  of  all  the  wheels.  The  dam  sets  back  the  river  about  three-quarters  of  a  mile,  but  when  the 
power  was  in  use  for  the  compressors  it  was  employed  contiuHOusly  and  the  pondage  exerted  no  especial  influence. 

The  privilege  is  said  to  be  still  owned  by  the  state.  The  improvements  are  very  substantial  and  render  the 
power  a  valuable  one.  The  ordinary  spring-freshet  rise  on  the  dam  is  stated  to  be  about  5  feet-  There  is  usually 
a  heavy  run  of  ice  in  spring,  and  temporary  gorges  occur  in  the  river  below  Hoosac  Tunnel.  Owing  to  a  bend  in 
the  river  above  the  dam,  ice  also  piles  up  there,  sometimes  to  a  thickness  of  25  or  30  feet. 

Iktimate  of  power  at  Hoosac  Tunnel. 


stage  of  river. 


Xowwater,  dry  year 

Low  water,  average  year 

Available  1"0  montlis,  average  year . 


KAINFALL  ON  BAHN. 


Spring. 


Inches. 
11 


Summer.   Autnmn.    Winter.        Year. 


Inches,       Inches. 

13    i  12* 


Inches. 
9J' 


Inches. 
46 


Drainage 
area. 


Sq.  miles. 
23i 


Flow  per 
second, 
average 

for  the  24 
hours. 


Cubic  feet. 
50 
80 
130 


Theoretical  horse- 
power. 


1  foot  fall.  \29i  feet  fall. 

5. 68  1  170 

9. 09  I  270 

14. 77  I  440 


EfFectlTe 

borse-power 

of  wheels 

now  in 

place. 


225 

(Only  partial- 
ly used.) 


No  knowledge  was  gained  of  any  power  being  used  on  the  Deerfield  for  10  miles  above  Hoosac  Tunnel,  or  until 
reaching  Eeadsborough,  Vermont.  At  that  point  the  Deerfield  Eiver  Company  has  recently  made  extensive 
improvements  for  the  purpose  of  obtaining  power  for  grinding  wood  pulp.  A  dam  40  feet  high  and  100  feet  long 
at  the  crest  has  been  built;  it  rests  on  rock,  is  80  feet  wide  at  the  base,  and  is  built  up  as  a  log  crib-work,  filled  in 
with  loose  stone  and  covered  with  6-inch  planking.  The  back  has  a  long  slope;  the  face  is  vertical,  or  nearly 
so,  except  a  short  slppe  from  the  crest  and  an  offset  part- way  down  the  front  for  breaking  the  force  of  overfalling 
water.    The  water  is  to  be  used  in  two  falls,  of  37  and  40  feet,  respectively. 


Ustimated  volume  and  theoretical  power  per  foot  fall  at  various  points  on  the  Deerfield  river. 


Locality. 


Hoosac  Tunnel 

Cbarlemont,  below  Mill  brook 

East  Charlemout 

Shelburne  Falls 

Mill  Village,  6i  miles  from  vbe  mouth 

278 


Spring. 


Inches. 
11 
11 
11 
It 
U 


Sum- 
mer. 


Inches. 
13 
13 
13 
13 
13 


Au- 
tumn. 


Winter. 


Inches. 
124 
12J 
12 
12 
12 


Inches. 
9i 
9i 
10 
ID 
10 


Year. 


Inches. 
46 
46 
40 
46 
46 


Drainage 
area. 


Sq.  miles. 
234 
338 
356 
4T4 
536 


FLOW  PEE  SECOND,    AVEEAGB  FOR 
THE  24   HOURS. 


Low  water, 
dry  year. 


Cubic  feet. 
50 
80 
90 
140 
160 


Low  water, 

average 

year. 


Oubiofeet. 
80 
120 
130 
190 
228 


Availatfle 

10  months, 

average 

year. 


Cubic  feet. 
130 
190 
210 
290 
330 


THEORETICAL  HORSE-POWER  PER 
FOOT  FALL. 


Low  water, 
dry  year. 


5.68 

9.09 

10.22 

15.90 

18.18 


Low  water, 

average 

year. 


9.09 
13.63 
14.77 
21.68 
24.99 


AvailaTfile 

10  months, 

average 

year. 


14.77 
21,58 
23.86 
32.94 
37. 49 
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miller's   ElVKK. 

Tbe  main  stream  may  be  regarded  as  formed  in  the  tewu  of  Wincbendou,  in  northern  Worcester  county, 
Massachusetts,  by  the  union  of  branches  from  the  town  of  Ashburuham  and  from  lakeMonomonac,  the  latter  on  tbe 
isew  Hampshire  boundary.  The  river  then  pursues  an  irregular  westerly  course  for  about  32  miles,  passing  into 
1'  rauklin  county  adjoining  the  Connecticut  a  little  way  above  Turner's  Palls.  In  its  upper  course  it  receives  Otter 
river  from  tbe  south  and  Tully  river  from  the  north,  and  those  are  its  principal  tributaries,  although  it  is  joined  by 
nume^'ous  other  unnor  streams.  Its  draiha.ge  area  comprises  396  square  miles,  a  small  portion  of  which  lies  in  iS'ew 
-UiiiMpsbire.  Although  not  a  very  large  stream,  JMiller's  river  is  a  valuable  one  for  milling  purposes  on  account  of 
!t.>  uniform  and  well-sustained  volume.  It  is  quite  in  contrast  to  the  Deerfleld  river  in  this  respect,  as  well  as  in  the 
character  of  its  valley,  which  is  much  mote  open,  in  general,  and  better  suited  to  settlement.  The  fall  is  also  large, 
amounting  in  round  numbers  to  600  feet  from  Eoyalston  to  the  mouth,  a  distance  of  23  or  24  miles. 

Tahle  shoiphig  the  fall  in  Miller^s  river.     , 

LAntbority  for  elevations :  Ktohburg  railroad  profile.]  . 


Locality. 


Distance 

from 

moiMtL. 

(re) 


Elevation 
of  water- 
em-J.ice 
above  nityin 
sea-levol 
(6) 


Fall 
between 
points. 


First  bridge  west  of  South  Eoyalston 

Second  bridge  west  of  South  Boyalston 

First  bridge  west  of  Orange 

Bridge  between  Ervjug  and  Miller's  Falls  - 

Water  above  Miller's  Falls  dam 

Moitth  of  river 


Miles. 
23.1 

21.1 

11.5 

8.6 

1.7 

0.0 


Feet. 
7«8 

675 

491 

435 

233 

174 


feet. 


93 
184 

56 
202 

69 


Distance 
between 
points. 


FaU 
per  mile 
between 
points. 


Milet.      i       Feet. 


2.0 
9.6 
4.9 
4.9 

1.7 


46.5 
19.2 
11.4 
41.2 
34.7 


Bemarks. 


Estimated  from  elevation  at  Tnmer's  Falls. 


a  Approximate. 

6  These  elevations,  as  given  by  the  Fitchbnrg  railroad  were  referred  to  mean  high  water  in  Boston  harbor,  which  is  here  assumed  to  be  5  feet  above  mean 
Sea-level. 


The  area  drained  by  Miller's  river  contains  many  ponds  and  lakes,  the  larger  of  which,  with  their  approximate 
areas,  are  mentioned  in  the  following  list.  There  are  said  to  be  two  or  three  storage  reservoirs  which  are  drawn 
upon  to  supply  the  stream  in  the  dry  season,  but  nothing  definite  could  be  learned  regarding  them.  In  particular, 
a  large  one  is  mentioned  in  the  town  of  Winchendon,  which  is  probably  kike  Monomonac. 

List  of  the  larger  ponds  and  lakes  tributary  to  Miller^s  river. 


Locality  (towfll. 


Name  of  pond. 


Approxi- 
mate area. 


Drains  to  what  stream. 


Authority. 


Massachusetts. 


Warwick ■ 

3^ew  Salem 

Winchendon,    Massachusetts, 
and  Eindge,  New  Hampshire. 

Winchendon 

Do 

Gardner 

Ashbumham 

Do 

Athol 

Phillipston 

Petersham 


Pond  east  of  Long  pond 

Eeservoir  in  northeast  comer. 
Monomonac  lake 


Pond  on  Ashbumham  line. 

Eeser^ir  in  south  part 

Crystal  lake 

Lower  Naukeag  pond 

Upper  Naukeag  pond 

White  pond 

Eeservoir  on  Athol  line 

do 


jVew  Hampshire. 


Bindge 


Eeservoir  above  lake  Monomonac  . 


Do.-.. 

Fitzwilliam. 

Do.... 

Do.... 


Pearley  pond 

Sip  pond 

South  pond 

Meadow  pond 

Total  of  16  ponds  . 


Acres. 
118 
320 
800 

100 
122 
216 
150 
302 
100 
130 
136 


100 

200 
120 
180 
120 


Moss  brook . . . 
Miller's  river  . 
, do 


do 

otter  river 

do 

Miller's  river  . 

de 

, do 

do 

, do 


-do  . 


do 

do 

Tolly  river  . 
..^.do 


3,214 


H.F.  Waffing.(a) 

Do. 
Map  of  Hew  Hampshire.  (6) 

H.F.  Walling,  (a) 
D». 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Map  of  New  Hampshire.  (S) 

Do. 
Do. 
Do. 
Do. 


I  See  Appendix  B,  Report  of  the  Massachusetts  State  Board  of  Sealth,  1873. 
I  Measured  1^  planimeter. 
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The  first  water-privilege  on  Miller's  river  is  close  to  the  mouth,  where  Mr.  James  H.  Brown,  who  resides  near 
at  hand,  claims  an  available  fall  of  35  feet.  Almost  directly  at  the  mouth  there  were  once  a  saw-  and  a  grist-mill, 
and  part  of  the  old  log-dam  is  still  standing.  The  bed  and  banks  are  there  rocky  and  the  stream  has  quite  a  pitch. 
A  quarter  of  a  mile  above,  the  river  is  wider  and  its  bed  is  crossed  by  a  low  ledge.  Mr.  Brown  states  that  a  dam  15 
feet  liigh  at  that  point  would  flow  an  extensive  swamp  bordering  the  stream  a  little  way  above,  and  would  give  a 
fine  storage.  A  canal  could  be  carried  from  this  site  down  the  left  bank  to  the  mouth;  any  mill  using  the  entire 
fall  of  the  privilege  would  be  located  at  the  latter  point  and  would  discharge  directly  into  the  Connecticut  river. 
This  would,  however,  render  it  liable  to  occasional  loss  of  head  by  high  water  in  that  river,  the  ordinary  spring  rise 
amounting  to  10  or  15  feet.  The  land  about  the  mouth  is  hilly  and  not  especially  favorable  to  the  location  of  large 
mills;  still  there  is  a  fair  site  for  building  on  a  point  of  land  formed  by  the  two  rivers,  and  not  owned  by  Mr.  Brown. 
There  is  no  village  at  this  locality,  though  the  privilege  is  conveniently  situated  at  a  distance  of  only  half  a  mile 
from  the  New  London  Northern  railroad,  and  about  4  miles  by  road  irom  Turner's  Falls;  a  road  bridge  crosses  the 
river  just  above  its  mouth.  • 

The  power  to  be  obtained  on  this  privilege  is  an  important  one,  and  would  have  the  benefit  of  the  entire  drainage 
area  of  the  river.  It  does  not  seem,-  however,  as  though  so  large  a  fall  as  35  feet  is  available.  Judging  by  the 
elevations  of  the  Fitchburg  railroad  the  fall  from  the  top  of  the  Miller's  Falls  dam  to  the  mouth  of  the  river  does 
not  exceed  60  feet.  Of  this,  32  feet  is  included  in  the  privilege  at  Miller's  Falls,  leaving  say  from  25  to  28  feet 
thence  to  the  mouth  unimproved.  No  gaugings  of  this  river  have  been  reported,  but  the  power  at  Brown's  privilege 
may  be  estimated  as  follows: 

Estimate  of  power  at  the  mouth  of  Miller's  river. 


stage  of  river. 

RAINFALL  ON  BABDt. 

Drainage 
area. 

Flow  per 
second,  av- 
erage for 

tbe24 
hours,  (a) 

Spring. 

Summer. 

Autumn. 

Winter. 

Year. 

Low  water,  dry  year 

Xow  water,  .iverage  year 

Inches. 
12 

Inches. 

12 

Inches. 

Inches. 
lOJ 

Inches. 
46 

Sq.  miles. 
396 

Cubic  feet. 
220 
260 
300 

1/ootfaU. 
24.99 
29.54 
34.08 

15/eet/att. 
370 
440 
510 

iSft.falUb) 
620 
740 
850 

3i/t.fan.(b} 

870 

1,030 

1,190 

Available  10  months,  average  year 

a  The  flow  and  power  as  given  could  be  materially  increased  during  the  ordinary  working  hours  by  the  pondage  here  and  above. 
6  See  preceding  remarks. 

At  Miller's  Falls  the  river  makes  a  decided  bend  and  incloses  a  tract  of  quite  level  land.  On  the  upper  side 
of  the  bend  the  Miller's  Falls  Company  has  a  dam  about  175  feet  long.  It  was  built  as  a  framed  structure,  but 
some  thirteen  years  ago  half  of  it  was  carried  away  and  was  afterward  replaced  by  log  work;  it  has  a  sloping  face 
and  apron,  planked  over.  A  race  some  700  feet  long  leads  to  the  works  of  the  Miller's  Falls  Company,  manufacturer 
of  general  hardware,  and  especially  of  bits,  braces,  and  vises.  The  main  building  measures  250  b'y  50  feet,  and 
employment  is  given  to  150  men.  Two  water-wheels,  having  a  combined  rated  capacity  of  about  200  horse-power, 
are  run  under  16  ieet  head.  The  tail-water,  instead  of  passing  directly  into  the  river,  runs  about  600  feet  across 
the  bend,  and  is  again  used  by,  first,  the  Lester  &  Lyman  Manufacturing  Company,  hardware,  using  16  feet  fall 
and  a  30  horse-power  wheel ;  and,  secondly,  from  the  same  level,  by  W.  J.  Phelps  for  a  small  grist-,  saw-,  and 
planing-mill  and  wheelwright  shop.  The  Miller's  Falls  Company  usually  has  sufficient  water  throughout  the 
year,  although  in  a  low  stage  there  is  very  little  surplus.  During  the  dry  summer  of  1882  the  supply  did  not  run 
short  except  on  Monday  mornings,  and  the  scarcity  then  was  due  to  the  filling  up,  over  Sunday,  of  the  ponds  along 
the  river  above.  The  pondage  above  the  Miller's  Falls  dam  is  unimportant.  The  river  is  about  176  feet  wide  in 
this  vicinity,  and  is  considered  to  be  very  uniform  in  flow.  The  freshet  depth  on  the  dam  is  estimated  not  to 
exceed  3  feet. 

About  100  rods  above  its  dam  the  Miller's  Falls  Company  owns  an  unimproved  fall  of  16  feet.  A  road  bridge 
si)ans  the  river  there,  and  just  below  on  the  west  bank  there  is  a  good  mill-site.  Immediately  succeeding  tMs 
privilege,  up  stream,  the  same  company  owns  an  unimproved  fall  of  30  feet.    Both  these  privileges  are  held  for  s^e. 

There  is  no  dam  on  the  river  between  Miller's  Falls  and  Erving,  although  from  the  Fitchburg  Eailroad 
cr®ssing  below  the  latter  point  down  to  slack-water  from  the  Miller's  Falls  dam  there  is  a  descent  of  202  feet.  As 
soon  as  we  ascend  above  the  village  of  Miller's  Falls  the  river  valley  becomes  narrow  and  is  shut  in  by  high  hills 
which  rise  with  abrupt  slopes  from  the  stream.  This  character  is  essentially  retained  till  within  perhaps  2  miles 
of  Erving;  there  is  then  a  fine  site  on  the  right*bank,  a  wide  meadow  rising  gently  from  the  river.  All  the  way 
between  Miller's  Falls  and  Erving  the  rapid  fall  of  the  river  is  easily  seen  as  it  comes  rushing  down  impetuously 
over  a  gravelly  bed.  Although  in  this  distance  the  valley  is  generally  too  narrow  to  accommodate  with  co-nvenience 
extensive  buildings  or  a  village,  still  occasional  points  can  probably  be  found  where  mills  of  moderate  size  might 
be  located  to  advantage. 
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Ill 


JSstimate  of  unimproved  power  between  Miller''s  Falls  and  Urving. 


Stege  of  river. 


Low  Tvater,  dry  year 

Low  water,  aTcrage  year 

Available  10  months,  average  year .... 


RAINFALL  OM  DABIK. 


Spring.     Summer.  AntumD.    Winter.       Year. 


Inchet. 
12 


Inches. 


Inches. 


IIJ 


Inches. 
lOi 


Inches. 
46 


Drainage 
area. 


8q.  Tniles. 
376-303 


Flow  per 

second, 

average  for 

the  24 
hours,  (a) 


Outie/eet. 
220 
260 
200 


Theoretical  horse.power. 


1  foot  fall 
24.99 
28.40 
32.04 


IB /e«t/aB. 
370 
430 
490 


aOfeetfaa. 
760 
860 
990 


200feetfaU. 
6,000* 
5,680 
6,690 


a  Mean  for  the  section  of  river  considered. 

At  Erving  there  is  an  old  crib-work  dam  filled  in  with  stone;  it  is  built  in  two  sections,  making  nearly  a  right 
angle  up  stream,  and  has  a  sloping  face.  A  wooden  bulkhead  admits  water  to  the  race,  which  is  several  hundred 
feet  long.  The  fall  at  the  mills  varies  from  9  to  12  feet,  according  to  position  on  the  race.  The  power  is  used  as 
follows:  (1)  E.  H.  Spring  owns  one-quarter  of  the  privilege,  and  uses  9  feet  fall  and  not  to  exceed  25  horse-power 
for  a  small  grist-mill  and  in  the  manufacture  of  pailstaves.  (2)  The  Washburn  &  Heywood  Chair  Company  owns 
half  the  privilege,  and  uses  10  or  12  feet  fall  and  200  horse-power  rated  capacity  of  wheels  in  the  manufacture  of 
cane-  and  wood-seat  chairs,  sashes  and  doors,  and  wooden  pails.  Its  production  is  about  600  chairs  and  300  pails 
per  day.  (3)  Noah  Eankine  owns  one^quarter  of  the  privilege,  using  12  feet  fall  and,  as  he  estimates,  50  horse- 
power in  making  wood-sea*  chairs.  The  Washburn  &  Heywood  company,  the  largest  user  of  power  here,  is 
commonly  able  to  run  its  works  at  full  capacity  throughout  the  year. 

Prom  this  point  up  to  Athol,  which  is  as  far  as  the  river  was  examined,  the  utilized  powers  succeed  one  another 
so  closely  as  not  to  leave  intermediate  fall  of  sufficient  amount  to  constitute  a  separate  privilege.  The  surrounding 
country,  which  has  hitherto  been  very  hilly,  now  subsides  and  becomes  level.  The  stream  likewise  grows  flat,  and 
is  bordered  by  wide  meadows,  through  which  it  flows  between  low  banks.  This  character  is  most  ma;rked  in  the 
vicinity  of  Orange,  and  continues  until  beyond  Athol,  when  hills  of  moderate  height  are  again  met  and  the  fall 
becomes  more  rapid. 

The  first  power  above  Erving  is  improved  by  a  dry-stone  dam  capped  with  wood,  a  short  race  leading  thence 
to  the  mill.  The  fall  in  use  is  10  feet,  but  the  proprietor  claims  that  the  dam  can  be  raised  5  feet  and  a  largely 
increased  storage  obtained  at  the  same  time.  Power  is  used  by  J.  Stone  &  Sons,  manufacturers  of  piano-cases,  of 
wiich  they  turn  out  $50,000  worth  annually ;  and  by  J.  Stone  for  a  saw-mill.  The  site  is  a  good  one,  with  the 
railroad  just  across  the  river  and  a  road  bridge  between.  The  horse-power  in  use  was  not  ascertained,  but  it  was 
stated  to  be  bu*  a  small  portion  of  the  amount  available  with  a  tight  dam.  The  surplus  pow<5r  is  held  for  rent  or 
sale.  Chestnut,  pine,  and  hard  wood  are  the  principal  varieties  of  timber  in  this  section,  and  the  supply  still  holds 
good,  though  not  of  first  quality. 

Estimate  of  power  at  Stone's  privilege  (between  Erving  and  Wendell  Depot). 


;                      stage  of  river.                        I'™-g« 

Flow  per 

second, 

average 

for  the  24 

hOQl-8. 

Theoretical  horsepower. 

Effective 

horse- 
power util- 
ized. 

Sq.  miles. 

Cubicfeet. 
r         210 
\          240 

1  foot  fall.     10  feet  fall. 
23. 86    !            240 
27. 26                  270 

lifeetfaU.- 
360 
410 
460 

I    a  115  TO 

\         368 

i     Available  10  months,  average  year. . . 

270 

30.67                  310 

Note. 


a  Power  in  1880,  by  census  enumerators'  returns. 
-The  ilow  and  power  as  here  given  can  be  considerably  increased  during  the  ordinary  working  hours. 


The  next  power  is  at  Wendell  Depot,  and  is  owned  by  the  Goddard  Pulp  Company,  which  also  leases  power 
to  the  Farley  Paper  Qompauy.  The  former  of  these  also  runs  a  pulp-mill,  mainly  for  grinding  spruce  and  poplar. 
Four  double  grinding-machines  are  operated,  requiring  about  200  horse-power;  35  hands  are  employed,  and  the 
production  of  the  mill  is  abeut  2  tons  of  pulp  and  2J  tons  of  paper  per  day.  The  Parley  company  makes  principally 
card  middles.  The  dam  at  this  privilege  is  of  crib-work  filled  with  stone.  It  has  a  width  of  40  feet  at  the  base,  is 
not  far  from  10  feet  high,  and  rests  partly  on  ledge  rock  and  partly  on  gravel.  The  fall  at  the  mill  is  15  feet.  A 
«Otal  of  375  horse-power  is  run  24  hours  in  the  day,  and  even  during  the  dry  summer  of  1882  there  was  always 
water  enough  for  running  at  full  capacity,  except  occasionally  for  a  day  or  two  when  mills  happened  to  shut  down 
above.  The  dam  now  throws  the  water  back  about  a  quarter  of  a  mile,  but  an  addition  of  5  feet  to  its  height  is 
contemplated,  which  would  give  a  pond  some  2  miles  long,  setting  back  nearly  or  quite  to  Orange. 
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Of  the  main  privilege  at  Orange  seven-eighths  is  owned  without  question  by  the  New  Home  Sewing  Machine 
Company;  the  remaining  one-eighth  is  involved  in  some  dispute.  The  dam  is  a  very  old  log  structure,  and  the 
stream  above  is  so  flat  that  backwater  extends  for  3  or  4  miles,  or  to  the  lower  part  of  the  village  of  Athol.  The 
mills  are  located  immediately  adjacent  to  the  dam,  and  obtain  a  fall  of  from  7  to  9  feet.  The  New  Home  company 
uses  100  horse-power  of  wheels  and  employs  525  men.  This  company  is  supplied  with  castings  by  the  Grange  Iron 
Fouudery  Company,  and  the  two  concerns  are  operated  together;  the  latter  employs  120  men.  The  Chase  Turbine 
l^anufaoturing  Company's  works  and  Levi  Kilbourn  &  Co.'s  chair-factory  also  use  small  powers  from  the  same 
privilege.  The  New  Home  company  uses  steam  in  low  water,  but  for  about  ten  months  in  the  year  can  run  by 
water-power  alone.  A  short  distance  down  stream  a  low  wing-dam  diverts  water  to  the  Orange  Furniture  Company's 
factory,  where  3  or  4  feet  fall  and  a  small  power  are  employed. 

Athol,  the  next  point  on  the  river,  is  a  large  and  pleasant  village,  and  has  quite  a  manufacturing  interest 
sustained  by  the  water-power  of  the  river.  In  what  may  be  considered  the  village  proper  there  are  four  dams  on 
Miller's  river,  in  the  following  order,  ascending: 

1.  In  the  upper  part  of  the  village  the  river  divides  so  as  to  inclose  an  island.  A  low  cheap  dam  across  the 
left-hand  channel  turns  water  into  a  small  race,  which  is  carried  over  to  the  course  of  Mill  brook,  a  little  stream 
flowing  through  the  place.  Power  is  then  obtained  by  damming  this  brook  at  two  or  three  points  so  as  to  give 
successive  falls.  A  little  water  is  received  from  the  brook,  but  the  main  dependence  is  upon  Miller's  river.  There 
are  three  falls  on  the  privilege.  At  the  first  C.  F.  Eichardson  has  a  small  machine-shop,  and  is  said  to  use  an  undershot 
wheel  with  2  or  3  feet  fall.  The  second  fall  is  mainly  owned  by  Ethan  Lord,  who  runs  in  connection  with  it  a  small 
saw-mill  and  cloth-mill.  W.  Lord  also  has  power  for  a  3run  grist-mill  and  an  elevator,  and  the  Downes  &  Adams 
Silk  Manufacturing  Company  owns  about  30  horse-power.  The  heads  in  use  range  from  8  to  10  feet.  The  third 
fall  on  the  br®ok  is  used  by  the  Athol  Machine  Company,  which  has  11  feet  head  and  33  horse-power,  by  the  Athol 
Blanket  Company,  and  by  Fred.  Cheney,  manufacturer  of  cotton-batting. 

2.  The  second  privilege  in  order  on  the  main  river  is  imprfeved  by  a  log  dam  about  100  feet  long  built  on  a 
rock  ledge,  and  is  owned  by  the  Athol  Mill  Company,  running  4,000  spindles  on  satinet  warps  and  towelings.  This 
company  has  17  feet  fall  and  about  175  horse-power  of  wheels,  but  does  not  use  more  than  half  their  capacity.  A 
small  power  is  rented  to  L.  S.  Sterret,  who  makes  machinists'  tools,  and  to  George  M.  Gerry  &  Son  for  their 
machine-shop.  A  building  has  also  been  erected  fer  the  manufacture  of  sashes  and  blinds,  to  be  supplied  with 
power  from  this  privilege,  and  there  is  still  for  rent  surplus  power,  estimated  at  75  horse-power  in  a  low  stage  of 
water.    The  entire  power  of  the  privilege  may  be  estimated  as  below: 


Estimate  offower  at  the  Athol  Mill  Gompany^s  privilege. 


stage  of  river. 

BAINFALL  ON  BASIir. 

Drainage 
area. 

Flow  per 
second, 
average 
for  the  24 
hours. 

Theoretical  horse- 

Effective 
horse- 

Spring. 

Summer. 

Autumn. 

Winter. 

Tear. 

power. 

power  util- 
ized. 

\ 

Inches. 

Inches. 
12 

Inches. 
12 

Inches. 
11 

Inches. 
48 

Sq.  miles. 

207 

Cubic  feet. 

f          120 
\          140 
i          160 

IfootfaU. 
13.63 
15.90 
18.18 

Wfeetfatt. 
230 
270 
310 

I         100* 

KOTE. — Pondage  at  poisrts  above  is  sufficient  to  increase  considerably  the  flow  and  power  here  given,  during  part  of  the  day,  in  low  stages. 

3.  A  short  distance  up  stream  a  low  dam  of  loose  stones  turns  water  into  a  race,  from  which  it  is  drawn  under 
about  12  feet  head  to  furnish  power  for  a  couple  of  small  sawmills  and  a  blind-  and  shutter-shop.  Mr.  James  M. 
Cheney  owns  the  privilege  and  would  like  to  sell  it.  He  states  that  here,  as  well  as  at  other  privileges  in  this 
vicinity  on  Miller's  river,  there  is,  on  account  of  the  small  pondage,  a  scarcity  of  water  in  the  forenoon  at  times 
during  the  dry  season,  it  being  held  back  through  the  night  in  the  large  pond  at  Eoyalston.  With  12  feet  fall, 
the  theoretical  horse-power  of  Cheney's  privilege  may  be  estimated  as  follows:  In  low  water  of  a  dry  year,  160 
horse-power;  in  low  water  of  an  average  year,  190  horse-powei- ;  and  for  the  amount  available  10  months  in  an 
average  year,  220  horse-power. 

4.  The  last  privilege  in  the  village  of  Athol,  and  the  farthest  up  stream  which  was  examined,  is  owned  by  the 
Miller's  Eiver  Manufacturing  Company,  which  manufactures  horse-blankets  and  satinets,  and  uses  17  feet  fall  and 
one  wheel  of  108  horse-power.  This  company  estimates  its  fall  equivalent  to  250  horse-power  in  a  medium  low  stage 
of  river.  The  dam  was  built  about  the  year  1867,  reste  on  ledge  rock,  and  has  a  roll-way  about  20  feet  high  and 
2®©  feet  long;  it  is  a  log  structure  with  sloping  face,  and  is  supplemented  by  about  300  feet  of  dry-stone  work. 
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Summary  of  ivater-privileges  on  Miller's  river ^  from  AtJtol  to'the  mouth. 


Locality. 


itbol.. 
Do  . 
Do  . 


Do  . 
Do  . 
Do  . 
Do  . 

Bo  . 
Do  . 
Bo  , 
Orange  . 
Do. 


Do  . 


Do 

Wendell  Depot . 
Do 


Between  "Wendell  Depot  and 
Erving. 


Erving 
Do. 


Do 

Erving  to  Miller's  Falls. 


kliller's  IFalla . 

Do 

Do 

tfouthef  river 


Firm. 


Mill64''3     Eiver     MannfaoturinEC 
Company. 

PoweV  owned  by  J.  M.  Cheney. . . 

Power  owned  by  Athol  Mill  Com- 
pany- 


C.  F.  Hichardson 

Ethan  Lord 

W.Lord 

Downes  &  Adams  Silk  Manufact- 
nring  Company. 

Athol  Machine  Company 

Athol  Blanlset  Company 

F.  Cheney 

Orange  Furniture  Company 

New  Home  Sewing  Machine  Com- 
pany. 

Chase    Turbine    Manufacturing 
Company. 

L.  Kilbourn  &  Co 

Goddard  Pulp  Company 

Farley  Paper  Company 

J.  Stone  &  Sons 


E.H.  Spring , 

Washburn    &    Heywood    Chair 
Company. 

Koah  Bankine 


Miller's  Falls  Company. 


Lester  &.  Lyman  Manufacturing 
Company. 

W.J.Pbelps 


Privilege   owned   by   tTames  H. 
Brown. 


Manufacture, 


Horse-blankets  and  satinets  . 


Power  used  by  2  saw-mills  aud  a 
blind-  and  flhutter-shop. 

Power  used  for  manufacture  of 
satinet  warps  and  towelings, 
and  by  two  machinc-sbops  and 
a  sash  and  blind  factory. 

Machine-shop  

Saw-mill  and  cloth-mill 

Grist-mill  and  elevator. 

Silk 


Machine-shop 

Blankets 

Cotton-batting 

Pine  chamber  suit.s  . 
Sewing-machines  -  -  - 


Turbines  and  circular  saws. 


Chairs 

Pulp  and  paper 

Card  middles 

Piano-cases  and  saw-mill  . 


Grist-mill,  and  makes  pail-ataves. . 

Cane-  and  wood-seat  chairs,  sashes 
and  doors,  and  wooden  pails. 


Wood-seat  chairs  - 
Unimproved 


Bits,  braces,  and  vises,  and  general 
hardware. 

Hardware 


Grist-,  planing-,  and  saw-mill  and 
wheelwright- shop. 

Unimproved 


Fall. 


Feet. 
17 

12 

17 

2-3 
8-10 


7-9  5 

15 
10 


200+ 


25  ± 


Kemarks. 


Uses  108  horse-powor. 
Privilc;j,o  for  sale. 
Surplus  power  for  rent. 


These  concerns  are  o-n  the  line  of  a  race  which 
strikes  off  from  Miller's  river  to  Mill  brook,  and 
then  follows  down  the  course  of  the  latter,  the 
falls  given  being  those  obtained  on  the  race  and 
brook. 


Small  ijower  obtained  by  wing-dam. 


Seven-eighths  of  privilege  owned  by  New  Home 
Sewing  Machine  Company. 


375  liorse-f)ower  in  use  night  and  day,  with  nearly 
always  sufl&cient  water.  An  addition  of  5  feet 
to  (ho  height  of  the  dam  is  contemplated. 

Turn  out  $50. 000  worth  of  piano-cases  yearly.  Sur- 
plus power  for  dispoBal,  It  is 'stated  that  dam 
can  be  raised  5  feet. 

Small  power. 

Owns  half  the  privilege,  and  uses  200  horse-pdwer 
of  wheels.  Turns  out  about  COO  chairs  and  300 
pails  per  day. 

Uses  small  power. 

This  is  not  all  to  be  considered  available  for  use,  on 
accoont  of  the  narrow  character  of  the  valley, 
but  several  good  powers  could  undoubtedly  be 
obtained ;  in  particular  at  a  point  a  mile  or  two 
below  Erving,  where  there  is  a  fine  open  site, 
and  just  above  Miller's  Falls,  where  the  Millei^ 
Falls  Company  owns  two  faUs,  of  about  15  and  30 
feet,  respectively. 

Employs  150  men.  Privdege  is  in  two  falls  of  16 
feet  each. 

Uses  tail- water  from  upper  mill. 


One-half  mile  from  New  London  Northern  railroad 
and  about  4  miles  by  road  from  Turner's  Falls. 


TBIBUTARIBS   OP   THE   CONNECTICUT  RIVEK   IN  NEW   HAMPSHIRE   AND   VERMONT. 

Above  Miller's  river  the  Connecticut  receives  numerous  tributaries  from  either  side  in  !New  Hampshire  and 
Vermont,  no  less  than  fifteen  of  which  drain  upward  of  100  square  miles  each.  It  is  to  be  regretted  that  lack  of 
lime  forbade  any  examination  of  these  streams,  otherwise  than  by  visits  to  a  few  scattered  points  in  the  summer 
)f  1880.  As  to  the  I^ew  Hampshire  streams,  a  brief  report  upon  their  value  and  availability  for  water-power  was 
nade  to  the  governor  and  council  of  the  state  in  1870  by  three  commissioners.  In  that  report  a^e  included  a 
general  discussion  as  to  the  advantages  presented  by  the  state  for  manufacturing  by  water-power,  and  returns 
rom  various  towns  briefly  setting  forth  the  extent  to  which  power  was  already  in  use,  estimates  of  the  number  of 
available  unimproved  privileges,  and  occasionally  some  other  data,  such  as  the  amount  of  fall  to  be  obtained,  or 
he  position  with  reference  to  important  markets.  In  Hitchcock's  Geology  of  New  Eampshirej  published  in  1874, 
nuch  valuable  information  is  contained  bearing  upon  the  water-power  of  the  state.  The  climatology  is  reported 
ipon,  an  extended  series  of  elevations  is  given  (many  of  them  for  points  on  the  water-courses),  and  some  facts  are 
Qcluded  as  to  the  locations,  approximate  size,  and  altitudes  of  the  principal  lakes  and  ponds. 

In  the  documents  and  official  reports  brought  before  the  general  assembly  of  Vermont  in  187.6  is  a  paper  by 
Ir.  Henry  Clark,  presenting  a  few  facts  concerning  some  of  the  streams  in  that  state,  and  rehearsing  the  leading 
haraeteristics  of  the  water-powers  in  almost  exactly  the  same  words  employed  in  the  Few  Hampshire  report  of 
870. 

From  these  various  sources  of  information,  and  from  the  results  of  personal  examinations  and  inquiries,  an  attempt 
ill  now  be  made  to  give  some  of  the  principal  data  regarding  the  upper  tributaries  of  the  Connecticut.  It  is  to  be 
oticed  that  although  many  of  these  streams  are  short,  flowing  down  drainage  slopes  which  seldom  depart  more  than 
5  or  20  miles  on  the  east,  or  from  25  to  30  miles  on  the  west  side,  from  the  main  river,  their  fall  is  large  even  at  a 
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considerable  distance  below  the  head- waters.  To  illustrate  by  a  single  example :  Sugar  river,  in  New  Hampshire,  has 
its  principal  source  in  Sunapee  lake,  and  thence  to  the  mouth  is  an  important  mill  stream;  yet  in  its  course  of  only 
22  miles  from  the  lake  to  the  Connecticut  river  it  descends  810  feet.  The  Connecticut  river  itself,  in  its  course 
through  and  past  New  Hampshire,  ranges  in  elevation  above  sea-level  from  2,000  down  to  200  feet,  while,  according 
to  Dr.  Hitchcock,  its  eastern  water-shed  line  has  an  average  elevation  of  nearly  4,000  feet  from  mount  Madisba  to 
Moosilauke  mountain,  and  of  about  1,500  feet  thence  southward  to  the  Massachusetts  line.  The  lowest  point  in 
this  entire  line  is  stated  to  be  at  Orange  summit,  on  the  Northern  railroad,  where  the  altitude  is  990  feet. 

Of  equal  importance  with  the  fall  are  the  volume  of  water  and  the  steadiness  with  which  it  is  maintained.  The 
mountainous,  and  often  rocky,  character  of  the  surface  in  this  part  of  the  Connecticut  basin  of  itself  favors  an 
uneven  and  poorly-sustained  flow.  But  there  are  certain  features  which  tend  to  offset  the  unfavorable  condition 
of  steep  slopes,  the  principal  of  which  are  the  greater  rainfall  of  the  elevated  regions;  the  retaining  of  snow  for  a 
long  time  among  the  mountains  and  the  gradual  release  of  water  by  its  melting;  the  wooded  nature  of  a  large  part 
of  the  surface ;  the  fact,  stated  by  Dr.  Hitchcock,  that  the  "  mountains,  especially  the  higher  summits,  except  where 
it  has  been  destroyed  by  fire,  are  covered  to  a  considerable  depth  by  peat,  formed  chiefly  from  moss  and  lichens", 
which  acts  to  interrupt  the  too  rapid  drainage  of  surface-water;  and,  in  a  very  important  degree,  the  presence  of 
numerous  natural  lakes  and  ponds.  Not  only  do  these  last  in  their  natural  condition  have  a  very  beneficial  effect 
in  holding  back  freshets,  and  by  the  warmth  of  their  waters  preventing,  to  a  considerable  extent,  troubles  from  ice, 
but  they  also  in  many  cases  offer  opportunity  for  raising  their  surfaces  by  dams,  and  for  thus  greatly  enlarging 
their  storage — such  an  important  factor  in  the  development  of  the  New  England  rivers. 

The  principal  streams  of  the  section  here  described  have  convenient  railroad  communication  with  tide-water, 
the  mountainous  character  of  the  country  compelling  the  lines  to  follow  the  river  valleys.  The  distances  by  rail  of 
some  of  the-more  prominent  points  from  important  seaports  and  markets  are  shown  below: 

Distances  hy  rail  from  tide-water  of  points  in  the  vpper  Connecticut  iasin. 


Locality. 

To  Port- 
land. 

To  Ports- 
month. 

To  Bos- 
ton. 

To  New 
York. 

Keene,  New  Hampshire 

Miles. 

Miles. 

Miles. 
90 
112 
132 
140 
155 
189 

Miles. 
210 
220 
238 
265 
270 
321 

Bellows  Falls,  Vermont 

116 
124 

Lebanon,  New  Hampshire  . 

136 

Although,  in  the  aggregate,  a  great  number  of  water-privileges  are  in  use  on  the  New  Hampshire  and  Vermont 
tributaries  of  the  Conmecticut,  there  can  be  no  difficulty  in  finding  good  unimproved  sites  in  almost  any  section ; 
and  it  is  true  there,  as  elsewhere  in  New  England,  that  many  valuable  privileges  are  occupied  by  small  saw-  and 
grist-mills  which  use  but  an  insignificant  part  of  the  available  power.  , 

The  Ashuelot  river  has  a  length  by  general  course  of  from  40  to  45  miles,  and  a  drainage  area  of  43S  square 
miles.  The  main  branch  has  its  source  on  the  northern  boundary  of  the  town  of  Washington,  in  Sullivan  county, 
New  Hampshire;  it  runs  thence  southwesterly  and  empties  into  the  Connecticut  in  the  town  of  Hinsdale,  Cheshire 
county.  Keene,  with  a  population  of  6,800,  is  the  principal  point  on  the  stream.  Prom  Keene  to  the  mouth  the 
Ashuelot  railroad  follows  closely  the  course  of  the  river.  The  Ashuelot  is  sustained  by  several  reservoirs  controlled 
by  mill-owners,  and  by  a  considerable  number  of  natural  ponds  and  lakes,  the  larger  of  which  are  mentioned  in  ^e 
table  below.  It  is  to  be  noticed  that  four  of  these,  containing  in  the  aggregate  about  1,150  acres,  have  an  average 
elevation  of  1,300  feet  above  tide,  or  1,100  feet  greater  than  the  mouth  of  the  river. 

Principal  lakes  and  ponds  in  the  basin  of  the  Ashuelot  river. 


Name  of  pond. 

Approxi- 
mate area. 

Elevation 

above 
sea-level. 

Locality  (town). 

Outlet. 

Acres. 

172 

233 

6  300 

6  230 

6  390 

6  260 

150 

Feet. 

Small  stream  to  main  river. 

Ashuelot  riper. 

Small  stream  to  Otter  ritier. 

Resting  brook. 

Small  stream  to  Pratt  brook. 

Pratt  brook. 

Small  stream  to  main  river. 

Asbnelot  pond  (a) 

1,300 
1,350 
1,300 
1,250 

do 

TVTpns^Tiyinp  poTi^l 

Nelson  and  Stoddard 

Koxbury  and  Nelson 

Harrisville  and  Nelson 

Dublin 

Breed  pond 

■■-  

284 


a  Storage  reservoirs  controlled  by  Messrs.  Faulkner  &  Colony,  of  Keene;  areas  as  stated  by  them. 

6  Measured  by  planimeter  on  Hitohcoc&'s  map  of  New  Hampshire. 

c  Artificial  reservoir  coutiolled  by  .stone  dam  100  feet  long  and  15  feet  liigh,  built  in  1873  at  a  cost  of  $3,200. 
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At  the  Chesbire  Railroad  crossing,  Dear  Keene,  the  water-surface  of  the  river  has  an  elevation  of  469  feet  above 
tide;  the  elevation  at  the  mouth  of  the  river  is  206  feet,  so  that  in  the  intervening  distance  of  21  miles,  by  river, 
there  is  a  total  descent  of  263  feet,  or  an  average  of  12^  feet  to  the  mile. 

The  couuti^v  adjoining  the  river  between  the  mouth  and  Keene  is  fairly  well  wooded.  The  valley  is  narrow  at 
Hinsdale,  but  widens  out  above.  At  the  former  point  the  stream  itself  ranges  from  100  to  200  feet  in  width.  The 
bed  and  banks  are  usually  gravelly,  and  the  flow  is  quite  well  sustained. 

Ascending  the  stream  we  find  two  water  privileges  in  use  at  Hinsdale,  but  a  short  distance  from  the  mouth. 
The  lower  is  improved  by  a  wooden  dam  175  feet  long  and  10  feet  high,  built  about  1860.  A  canal  250  feet  long 
carries  water  to  the  Brightwood  pai)er-mills,  using  12  feet  head  and  75  horse-power,  and  to  the  cotton  and  woolen 
factory  of  Messrs.  Haile,  Frost  &  Co.,  using  12  feet  head  and  150  horse-power.  The  latter  concern  has  sufficient 
water  throughout  the  year,  but  the  Brightwood  mills  are  short  at  times. 

At  the  upper  privilege  is  a  wooden  dam,  about  fifty  years  old,  180  feet  long  by  6  feet  high.  A  race  perhaps  half 
a  mile  long  conveys  water  to  Robertson  &  Son's  paper-mill,  to  C.  T.  Amidon's  cotton  and  woolen  factory,  and  to  two 
machine-shops.    The  fall  in  use  ranges  from  11  to  30  feet,  and  about  330  horse-power  of  wheels  are  employed. 

At  Turner's  village  and  Ashuelot,  power  is  employed  in  the  manufacture  of  cotton- warps  and  beavers,  and  at 
West  Swanzey  are  the  Stratton  woolen-mills,  using  9  feet  head  and  200  horse-power.  At  Keene,  Messrs.  Faulkner 
&  Colony  have  a  woolen  factory  run  by  power  from  the  Ashuelot.  The  dam  is  of  wood,  and  is  about  90  feet  long 
and  15  feet  high.     Eleven  feet  head  and  100  horse-power  are  in  use  at  the  factory. 

Three  and  one-half  miles  above  Hinsdale  there  is  a  stated  to  be  a  good  unimproved  privilege,  where,  with  a 
eanal  500  feet  long,  27J  feet  fall  is  available.     The  corresponding  power  may  be  estimated  as  follows: 

Estimate  of  -unimproved  power  3 J  miles  above  Hinsdale. 


EAINFALL  ON  BABIH. 


Stage  of  riTer. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  montlis,  average  year. 


iTiehes. 


m 


Spring.     Sammer.   Autamn.    "Winter.       Tear. 


Inches. 
124 


Inches. 

lOi 


iTiches. 
4^ 


Drainage 
area. 


Sq.  miles. 


Flow  per 

second, 

average  for 

the 
24  hours. 


Gvincfeet. 
125 
150 
210 


Theoretical  horse- 
power. 


1  foot  fan. 
14.20 
17.04 


iH  feet  fall. 
390 
470 
660 


KOTE.— Pondage  along  the  stream  wonld,  doubtless,  considerably  increase  the  power  here  dnring  part  of  the  day,  hul  no  data  are  at  hand  indicating  to  what  extent. 

On  the  main  stream  above  Keeue,  and  on  various  tributaries,  are  many  minor  privileges  occupied  by  saw-mills, 
as  well  as  an  abundance  of  unimproved  sites. 

West  river  rises  in  the  towns  of  Weston  and  Peru,  Vermont,  from  20  to  25  miles  northwesterly  from  Bellows 
Falls.  It  runs  southeasterly  through  Windham  county,  and  empties  into  the  Connecticut  immediately  above 
Brattleboro'.  From  Londonderry,  in  the  upper  waters,  to  the  mouth,  it  is  followed  by  the  Brattleboro'  and 
Whitehall  division  of  the  Central  Vermont  railroad.  Its  length  is  about  36  miles,  and  its  drainage  area  363  square 
miles.     It  is  utilized  for  power  by  various  wood-working  establishments. 

Williams  river  is  a  small  stream  emptying  into  the  Connecticut  from  the  Vermont  side  3  miles  above  Bellows 
Falls.  Drainage  area,  103  square  miles.  The  Central  Vermont  railroad  follows  the  course  of  the  stream  on  its 
way  from  Bellows  Falls  to  Rutland.  Power  is  used  by  a  number  of  small  saw-mills  and  wood-working  establishments. 
Black  river  rises  in  the  town  of  Plymouth,  Vermont,  and  runs  southeasterly  through  the  towns  of  Ludlow, 
Cavendish,  Weathersfield,  and  Springfield,  in  each  of  which  there  are  thriving  villages  where  power  is  used.  The 
manufactures  embrace  cotton  and  woolen  goods,  lumber,  flour,  and  various  articles  of  wood.  The  stream  ihas  a 
drainage  area  of  152  square  miles,  and  in  its  course  passes  through  a  number  of  ponds.  For  a  half-dozen  miles  in 
its  middle  course  it  is  followed  closely  by  the  Central  Vermont  railroad,  but  elsewhere  it  is  from  5  to  7  miles  distant 
from  it. 

Sugar  river  has  its  principal  source  in  Sunapee  lake,  a  splendid  sheet  of  water,  7J  miles  long,  and  2^  miles  wide 
in  the  broadest  part,  lying  upon  the  boundary  between  Sullivan  and  Merrimack  counties,  New  Hampshire.  The 
river  runs  westerly,  with  a  length  of  about  22  miles,  passing  successively  across  the  towns  of  Sunapee,  Newport,  and 
Claremont,  in  the  latter  of  which  it  empties  into  the  Connecticut.  The  drainage  baSin  of  the  stream  includes  272 
square  miles.  The  principal  tributaries  are  Goshen  branch,  which  joins  the  main  stream  from  the  south  at  Newport, 
and  Croydon  branch,  entering  from  the  north  at  Northville. 

Sunapee  lake  has  an  area  of  about  5,900  acres,  and  an  elevation  ab©ve  tide  of  1,090  feet  at  low  water  and 
1,103  feet  at  high  water.  It  also  receives  the  drainage  from  Otter  pond,  270  acres,  and  Little  Sunapee  lake,  510 
acres.    On  the  Croydon  branch  is  Eastman's  pond,  of  about  280  acres.    The  drainage  area  above  the  outlet  of 
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Sunapee  lake  is  47  square  miles.  The  fine  storage  afforded  by  this  great  reservoir,  and  the  large  fall  of  about  800 
feet  thence  to  the  Connecticut  river,  combine  to  render  Sugar  river  a  splendid  manufacturing  stream,  well  sustained 
in  the  dry  season,  and  free  from  hinderances  by  freshets  or  ice.  The  Concord  and  Claremont  railroad  follows  the 
stream  most  of  the  way  from  the  lake  to  the  mouth.  A  large  amount  of  manufacturing  is  supported  by  the  stream, 
comprising  cotton  and  woolen  goods,  paper,  flour,  lumber,  and  a  variety  of  wooden  implements  and  wares. 

Claremont,  a  few  miles  from  the  mouth,  is  the  most  important  point  on  the  stream.  The  entire  town  contains 
a  population  of  4,700,  and  within  its  limits  are,  as  nearly  as  can  be  ascertained,  the  following  water-privileges  on 
Sugar  river: 

1.  Several  miles  above  Claremont  village,  possibly  beyond  the  limits  of  the  town,  20  feet  fall,  rated  at  175. 
horse-power,  unimproved. 

2.  lu  Claremont,  upper  privilege  owned  by  Monadnock  Mills,  7J  feet  fall. 

3.  Lower  privilege,  16^  feet  fall,  in  use  by  Monadnock  Mills,  running  160  horse-power. 

4.  Privilege  with  14  feet  fall  used  by  the  Sullivan  Machine  Company,  which  owns  100  horse-power,  but  actually 
employs  less  than  one-third  that  amount.  The  remainder  of  the  privilege  is  said  to  be  owned  by  the  Claremont 
Manufacturing  Company  and  the  Monadnock  Mills. 

5.  Privilege  with  12  feet  fall,  one  half  owned  and  used  by  the  Claremont  Manufacturing  Company,  paper.    The 
■  remainder  is  occupied  by  the  Home  cotton-mill  and  Eastman's  tannery,  the  latter  not  in  operation. 

6.  Fall  of  14  feet.    Power  used  by  saw-mill,  grist-mill,  stair-rail  factory,  and  two  novelty  works. 

The  river  here  divides  into  two  channels  separated  by  an  island.  On  one  of  these,  a  fall  said  to  amoun*  to. 
about  60  feet  (a)  is  but  slightly  used  by  small  shops.    Continuing  on  the  main  river,  we  have: 

7.  Fall  of  22J  feet,  owned  by  the  Sugar  Eiver  paper-mill ;  150  horse-power  used,  and  as  much  more  not  in  use. 

8.  Old  furnace  privilege,  about  10  feet  fall,  unimproved.(a) 

9.  Fall  of  13  feet,  not  used.(a) 

10.  Fall  of  8  or  10  feet,  used  by  woolen-mill  and  hosiery-mill. 

11.  Lower  falls,  "undeveloped,  and  of  somewhat  uncertain  value".(a) 

12.  "From  this  poipt  to  the  site  of  the  old  Eussell  carpet-mill  could  probably  be  erected  one  or  two  dams,, 
though  the  banks  are  not  so  favorable  for  that  purpose  as  could  be  wished."(a)  , 

13.  Fall  of  12  or  15  feet,  not  used.(<i) 

14.  At  West  Claremont,  18  or  20  feet  fall,  used  for  paper-,  saw-,  and  grist-mills.(a) 

Ottaquechee  river. — This  stream  rises  near  the  western  boundary  of  Windsor  county,  Vermont,  and  runs  easterly 
across  the  towns  of  Bridgewater,  Woodstock,  and  portions  of  Hartford  and  Hartland,  joining  the  Connecticut  & 
or  4  miles  belew  White  Eiver  Junction.  It  has  a  length  of  about  40  miles  by  general  course,  and  a  drainage  area 
of  192  square  miles.  Woodstock  village,  having  a  population  of  1,300,  is  the  most  important  point  on  the  stream, 
and  is  reached  by  a  short  line  of  railroad  from  White  Eiver  Junctioji. 

Only  a  little  way  from  the  mouth  a  high  ledge  crosses  the  river  and  forms  an  island  in  the  center.  A  log  dam 
has  been  built  from  either  side  of  this  island  to  the  adjacent  shore,  and  on  the  right  bank  is  a  small  saw-mill,  and 
on  the  left  the  satinet  factory  of  the  Ottaquechee  Woolen  Company.  Nine  sets  of  cards  are  run,  and  300  horse- 
power of  wheels  used  under  a  head  of  26  feet. 

Five  or  six  miles  up  stream,  at  the  village  of  Quechee,  A.  G-.  Dewey  &  Co.  have  a  6-set  woolen-mill,  and  J.  0. 
Parker  &  Co.  one  of  7  sets.  At  numerous  other  points  along  the  course  of  the  stream  small  powers  are  in  use  by 
saw-mills  and  various  wood-working  shops,  where  are  manufactured  such  articles  as  agricultural  implements, 
chairs,  wooden  handles,  sashes,  doors,  and  blinds. 

The  river  is  described  as  a  good  one  for  manufacturing  purposes.  It  has  a  reservoir  in  its  upper  waters,  and  is 
well  sustained  in  flow.  The  Ottaquechee  woolen  factory  can  be  run  at  full  capacity  at  all  times,  with  unimportant 
exceptions ;  2  or  3  feet  of  backwater  is  said  to  be  experienced  there  during  high  freshets  in  the  Connecticut. 

A  mile  up  stream  the  proprietors  of  this  factory  own  a  fall  of  30  feet,  which  has  been  in  use  but  is  now 
unoccupied. 

The  descent  of  the  river  is  rapid,  amounting  to  an  average  of  very  nearly  30  feet  per  mile  for  the  lower  30 
miles  of  its  course.  The  fall  is  shown  more  in  detail  in  the  following  table,  kindly  furnished  by  Mr.  Hosea  Doton,^ 
engineer  of  the  Woodstock  railroad : 

a  Eepoit  on  the  water-power  of  the  state,  made  in  1870. 
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Table  showing  the  fall  in  the  Ottaqueehee  river. (a) 


Looality. 


I 

■Elevation 

!  of  water-; 

Diatance  ;  suiluto 

abovo    I    above 

moTitli.    I  water  in 

jConDcoti- 

cut  I  ivoi'. 


Distance 
between 
points. 


Fall 
between 
points. 


Pall  per 

Eiile 
between 
points. 


Pond  in  Iho  river  nt  Sherburne 

Bowl  factory  near  West  Bridgewatt-r 

Chair  factory  at  West  Bwdpiewatcr. . .'.... 

Pond  nr  Wood's  mills 

Saw-mill  pond 

Taclory  pond  at  Bridjrewater , 

Daniels'  macliinu-shop,  Aref-t  ^^'oodst(tl'l^. 

Fautwy  pond  at  Woodstock 

Tuftsville  pond 

Parker's  factory  pond  at  Quechee. . . 

Factory  pond  at  Dewey's  mills 

liailioad  crossing  near  Dewey's  mills 

fiead  of  Wood's  falls 

Pond  at  Quechee  falls 

Connecticut  river,  water-surface 


Miles.     !      Fc 
30 

ic 

i\i 

21 
10 

u 

13 
9 
C 


Miles. 


eofl 

5H5 

601 

402 

388 

320 

247 

108 

140 

85 

30 

0 


111 
47 
G6 
74 
84 
00 
J4 
68 
73 
49 
52 
61 
55 
30 


Feet. 


32.0 


18.8 


20.1 


41.2 


a  Mr.  Doton  gives  the  elevation  of  tho  Connecticut  river  above  sea-level  as  305  feet, 
heights  along  the  Ottaqnechee  are  here  given  witli  reference  to  water-surface  at  Its  mouth. 


This  does  not  agree  with  elevations  obtained  elsewhere,  and  therefore 


The  Mascomy  river  rises  in  the  western  part  of  the  town  of  Dorchester,  Grafton  county,  Vermont;  it  runs 
southerly  for  about  9  miles,  tlieu  turns  abruptly  to  the  west,  and  a  few  miles  farther  on  enters  Mascomy  lake,  a  fine 
sheet  of  water  4  miles  long  and  from  one-quarter  to  three-quarters  of  a  mile  wide.  Issuing  from  the  lake,  the  river 
resumes  its  westerly  course  to  the  Connecticut,  passing  across  the  town  of  Lebanon.  It  drains  148  square  miles 
above  the  outlet  of  Mascomy  lake,  and  190  square  miles  above  its  own  mouth. 

The  most  important  lakes  and  ponds  in  the  drainage  basin,  with  their  approximate  elevations  above  tide,  and 
areas,  are  as  follows : 

Mascomy  lake;  elevation,  750  feet ;  area,  1,400  acres. 
Crystal  lake ;  elevation,  900  feet ;  area,  380  acres. 
Hart's  pond;  elevation,  1,050  feet;  area,  450  acres. 
Goose  pond;  area,  370  acres. 

Norris  pond ;  elevation,  1,500  feet ;  area,  330  acres. 

In  the  distance  of  8J  miles  from  Mascomy  lake  to  the  Connecticut  the  river  falls  about  406  feet,  or  say  48 
feet  to  the  mile.  The  Northern  railroad  follows  the  stream  through  the  principal  part  of  its  course,  and  at  Lebanon 
statio*  is  at  an  elevation  of  510  feet  above  tide. 

Lebanon  is  an  important  village  about  4  miles  from  the  mouth  of  the  Mascomy  river,  with  a  population  of  2,000. 
Manufacturing  by  water-power  is  carried  on  there  and  at  numerous  other  points  along  the  stream,  the  productions 
including  iron  castings,  machinery,  watch  and  clock  materials,  lumber,  woolen  goods,  paper,  and  various  articles  in 
wood.  In  the  report  upon  the  water-power  of  the  state  made  in  1870,  it  was  stated  that  in  the  town  of  Lebanon 
the  value  of  the  work  annually  turned  out  bj'  water-power  was  at  that  time  half  a  million  dollars.  In  the  same 
report  the  discharge  of  the  stream  at  the  lowest  stage  was  given  as  about  134  cubic  feet  per  second.  Messrs.  Mead, 
Mason,  &  Co.,  at  Lebanon,  manufacturers  of  sashes,  doors,  and  blinds,  use  18  feet  fall  and  325  horse-power  of 
wheels,  and  state  that  they  have  sufficient  water  throughout  the  year  for  running  their  works  at  full  capacity. 

There  are  reported  to  be  several  unimproved  falls  in  Lebanon,  two  privileges  improved  and  with  buildings,  but 
unoccupied,  and  two  unimproved  falls  at  East  Lebanon. 

White  river  rises  in  the  towns  of  Hancock  and  Granville,  Addison  county,  Vermont,  runs  southeasterly, 
receiving  in  succession  the  Third,  Second,  and  Bast  branches,  and  enters  into  the  Connecticut  at  White  Eiver 
Junction.  The  Central  Vermont  railroad  follows  its  course  from  the  mouth  to  Bethel,  and  then  passes  up  the 
Third  branch.  The  stream  has  a  drainage  area  of  623  square  miles,  ranking  third  in  this  respect  among  the 
tributaries  of  the  Connecticut.  Mr.  Henry  Clark,  of  Eutland,  says  of  this  stream :  "  From  its  source  it  runs  slowly 
through  a  narrow  tract  of  intervale  until  it  arrives  at  Stockbridge,  after  which  the  current  is  very  rapid  until  it 
reaches  Bethel  village.  From  Bethel  to  its  mouth  the  channel  of  the  river  is  from  16  to  18  rods  in  width,  and  the 
current  generally  rapid  and  the  water  shallow."  As  usual  on  the  streams  in  this  section,  power  is  used  by  a  number 
of  saw-  and  grist-mills,  and  by  blacksmithing,  cooperage,  and  wood- working  shops.  There  is  said  to  be  considerable 
available  power  in  the  village  of  Bethel.  2Sr 
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The  Ompomponoosue  river  drains  123  square  miles,  mainly  in  Orange  county,  Vermont,  and  empties  into  the 
Connecticut  river  4  miles  above  White  Eiver  Junction.  It  is  stated  to  offer  fine  facilities  for  the  use  of  power, 
but  is  without  raikoad  communication  except  at  the  mouth.  A  number  of  small  powers  are  in  use  by  saw-mills 
and  shops.  .  "  ^ 

Waifs  river  lies  entirely  in  Orange  county,  Vermont,  through  which  it  runs  southeasterly  to  the  Connecticut 
river.  It  has  a  length  of  15  or  18  miles  by  general  course,  and  a  drainage  area  of  156  square  miles.  It  is  without 
railroad  facilities  except  as  it  is  crossed  at  the  mouth  by  the  Passumpsic  railroad.  It  furnishes  power  to  a  variety 
of  small  establishments,  mainly  in  the  town  of  Bradford,  where  there  are  reported  to  be  numerous  unimproved 
falls. 

The  Lower  Ammonoosuc  river  is  formed  by  small  branches  the  most  remote  of  which  drain  the  western  slope 
of  mount  Washington.  It  flows  westerly  and  then  southwesterly,  with  a  length  by  general  course  of  about  40 
miles,  and  joins  the  Connecticut  at  Woodsville.  Its  basin  includes  388  square  miles.  The  principal  affluents  are 
from  the  south,  and  among  these  the  most  important  are  the  South  branch  and  the  Wild  Ammonoosuc.  The 
Boston,  Concord,  Montreal,  and  White  Mountains  railroad  follows  the  course  of  the  stream  throughout  its  length. 
On  the  lower  river  the  principal  points  are  Woodsville,  at  the  mouth,  population,  400;  Lisbon,  800;  and  Littleton, 
1,700.    The  fall  is  large,  as  seen  in  the  following  table : 

Table  showing  the  fall  in  the  Lower  Ammonoosuc  river. 


Locality. 

Distance 

from 

mouth. 

Elevation 
above  tide. 

Approx- 
imate faU 
between 
points. 

III 

Fall  per 

mil« 
between 
points. 

Kemarks. 

Ammonoosuc  station,  base  of  monnt  Washington 

Lower  Ammonoosuo  at  mouth  of  Little  liTer 

Miles. 

32 
0 

Feet. 
2,668 

1,329 

407 

Feet. 

1      1, 339 
1          922 

miea. 

13 

32 

Feet. 

103.0 
28.8 

C  Elevations  by  profile  of  Boston,  Concord,  Mont- 
)     real,  and  White  Mountains  railroad. 

Elevation  as  given  in  Geology  of  New  Sampehire. 

At  present  th.e  river  is  not  sustained  by  any  storage  reservoirs,  and  is  very  variable  in  flow,  a  heavy  rain 
causing  a  large  and  rapid  rise.  The  bed  and  banks  are  generally  rocky,  and  the  latter  high,  though  between 
Woodsville  and  Bath  there  are  some  meadow-lands.  Toward  the  mouth  the  width  between  banks  is  from  100  to  200 
feet. 

The  manufacturing  is  mainly  in  the  towns  of  Lisbon  and  Littleton,  and  is  carried  on  by  a  number  of  saw- mills, 
grist-mills,  tanneries,  and  wood-working  shops  of  different  kinds.  The  lowest  privilege  in  use  on  the  river  is  at 
Bath,  where  Conant  &  Co.  have  a  pulp-mill ;  14J  feet  fall  and  350  horse-power  of  wheels  are  in  use  here,  and  in 
low  water  the  wheels  can  be  run  at  about  one-half  capacity.  Directly  at  the  mouth  of  the  stream  there  is  an 
unoccupied  privilege,  formerly  in  use,  where  8  or  10  feet  fall  might  easily  be  obtained ;  and,  according  to  the  report 
on  the  water-power  of  the  state,  there  are  at  least  three  other  unimproved  falls  on  the  river  within  the  limits  of 
the  town  of  Bath. 

Wells  river  rises  in  a  series  of  ponds  in  the  towns  of  Groton,  Peacham,  and  Marshfield,  Vermont.  It  flows 
southeasterly  to  the  Connecticut,  into  which  it  empties  nearly  opposite  the  Lower  Ammonoosuc.  It  has  a  length 
by  general  course  of  about  15  miles  and  a  drainage  area  of  94  square  miles.  Of  the  ponds  mentioned  in  the  uppei* 
waters  the  largest  is  Long  pond,  which  has  a  length  of  over  2  miles,  and  a  width  of  about  three  quarters  of  a  mile  in 
the  broadest  part.  The  stream  is  followed  by  the  Montpelier  and  Wells  Eiver  railroad,  and  is  described  as  being 
generally  rapid  and  affording  good  powers.  Its  present  use  is  mainly  confined  to  saw-  and  grist-mills,  of  which 
there  are  over  a  dozen  along  its  course. 

The  Passumpsic  river  is  made  up  by  small  branches  rising  in  the  northern  part  of  Caledonia  county,  Vermont. 
It  takes  a  southerly  course  through  the  county,  and  unites  with  the  Connecticut  in  the  town  of  Barnet.  It 
is  25  or  30  miles  long  by  general  course,  and  drains  an  area  of  485  square  miles.  The  principal  affluents  are  the  East 
branch  and  Moose  river  from  the  east,  and  Miller's  run.  Sleepy  river,  Andric  and  Lee's  brooks  from  the  west. 
The  Passumpsic  railroad  follows  the  course  of  the  main  stream  throughout,  while  the  Burlington  and  Lamoille  line 
crosses  the  basin  from  west  to  east  and  runs  up  the  valley  of  Moose  river.  The  principal  points  on  the  main  river 
are  Saint  Johnsbury,  some  8  miles  from  the  mouth,  having  a  population  of  3,400,  and  Lyndon,  as  mu-ih  farther 
above,  with  800  inhabitants. 

The  Passumpsic  is  described  as  a  generally  swift  stream,  well  suited  to  manufacturing  purposes,  but  subject 
to  considerable  fluctuations  in  volume.  The  country  drained  is  well  supplied  with  springs,  however,  and  the  dry- 
season  flow  of  the  stream  is  tolerably  well  sustained.  The  bed  and  banks  are  rocky,  and  the  opportunities  are 
fairly  good  for  securing  large  pondage  at  dams. 

Th.e  first  power  in  use,  ascending  the  stream,  is  at  East  Barnet,  only  a  short  distance  from  the  mouth.  A 
horseshoe-shaped  dam  crosses  the  river  here  on  ledges  over  which  there  is  a  natural  fall,  and  gives  a  head  of  29 
feet  at  Wilder  &  Co.'s  mill.  They  manufacture  wood-pulp  from  spruce,  and  use  three  wheels  having  a  total 
capacity  of  about  1,100  horse-power.    It  is  stated  that  this  amount  of  power  can  be  obtained  nine  months  in  an 
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average  year,  but  for  the  remainder  of  the  time  there  is  a  shortage,  and  iu  lowest  water  only  about  oue  half  capacity 
can  be  realized.  "Wilder  &  Co.  own  all  of  this  privilege  exce]jt  100  horse-power  at  the  opposite  end  of  the  dam, 
which  is  used  in  part  by  J.  D.  Gould  for  the  manufacture  of  croquet  and  chair  stock. 

Some  of  the  more  important  powers  above  on  the  stream,  so  far  as  could  be  learned  by  correspondence,  aie  as 
follows : 

At  Saint  Johnsbury  there  is  a  fine  privilege  with  V2  feet  fall,  only  a  small  portion  of  the  power  of  which  is  iu 
use  by  the  Saint  Johnsbury  Granite  Company  and  a  carriage-shop.  The  dam  was  built  in  1854,  is  a  log  and  stone 
structure  about  2^0  feet  long  and  10  feet  high,  and  is  stated  to  have  cost  in  all  $30,000. 

In  Lyndon  there  are  at  least  four  important  falls.  W'ilder's  pulp-mill  has  01  feet  head  and  1,500  horse-power. 
The  A.  A.  Pierce  &  Son  paper-mill  returns  1.)  feet  fall  and  1,000  horse-power,  which  it  is  evident  can  be  realized 
only  a  part  of  the  year.  The  Lyndon  Lumber  Company  has  from  13  to  18  feet  fall,  a  pond  estimated  at  100  acres, 
and  uses  200  horse-power;  and  Burke's  flouriug-mill  has  11  feet  fall  and  36  horse-power.  Numerous  other  powers 
are  iu  use  on  the  main  stream  and  its  tributaries,  principally  by  i-aw-  and  grist-mills  and  wood-working  shops. 
Undoubtedly  there  are  many  available  unoccupied  powers  on  these  streams,  but  only  only  two  were  mentioned  in 
particular — one  of  20  feet  fall,  which  it  was  said  could  be  obtained  on  the  lower  Moose  river  by  a  short  canal,  and 
one  of  15  feet  fall,  2  miles  below  Saint  Johnsbury,  the  power  of  which  may  be  estimated  as  follows: 

Estimate  ofpoiver  '2  miles  below  Saint  Johnsbury. 


Stege  of  river. 


RAISFALL  ON   BASIN. 

Drainage 

Flow  per 
second, 

Spring. 

Summer.   Atitiituu.  |  "Winter. 

Vear. 

irpo              average 
""*•          for  the  24 
1      hours. 

power. 

Inches. 

Inches. 
12 

Inches. 
11 

Indies. 

\ 

Inches. 
41 

Sq.  miles. 
410 

OuUcfeet. 
r  120 
\  100 
I          240 

1  foot  fall. 
,    13.63 
18.18 
27.26 

lofeetfall. 
200 
27U 
410 

Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 

John's  river  and  Israel's  river  are  two  streams  heading  5  or  10  miles  northwesterly  from  mount  Washington 
and  descending  to  the  Connecticut.  John's  river  drains  80  square  miles,  includes  in  its  basin  several  ponds  of  1 60  or 
200  acres  each,  the  most  important  being  Long,  Island,  and  Cherry  ponds,  and  is  followed  by  the  Boston,  Concord, 
Montreal,  and  White  Mountains  railroad,  but  is  used  only  for  two  or  three  small  saw-mill  powers. 

Israel's  river  drains  129  square  miles,  is  without  natural  ponds  in  its  basin  or  a  railroad  along  its  course,  but 
is  used  for  power  bj'  8  or  10  saw-  and  grist-mills,  a  paper-mill,  machine-shop,  and  one  or  two  wood-working  shops. 

The  Upper  Ammonoosuc  river  heads  in  the  Pond  of  Safety,  in  the  town  of  Eandolph,  Coos  county.  New 
Hampshire,  at  an  altitude  of  1,975  feet  above  sea-level.  It  runs  in  an  irregular  northerly  direction,  and  then  turns 
to  the  west,  reaching  the  Connecticut  river  in  the  town  of  Northumberland.  Its  drainage  area  includes  252  square 
miles,  within  which  are  the  following  principal  ponds: 

Larger  ponds  tributary  to  the  Upper  Ammonoosuc  river. 


Name  of  pond. 


Head  pond 

Percy  pond . . . 
Potter's  pond . 
Trio  ponds 


Area,  (o) 


Acres. 
330 
350 
360 
270 


Elevation 
above  tide. 


Feet. 
1,075 
1,040 
1,025 
1,960 


a  By  planimeter  measurement  en  state  map. 

The  principal  tributaries  of  the  river  are  Dead  river,  Philip's  brook,  and  Nash's  stream.  The  main  stream  is 
followed  from  the  mouth  to  West  Milan  by  the  Grand  Trunk  railway.  The  only  use  of  power  is  by  a  few  saw- 
mills, a  grist-mill,  and  a  machine-shop. 


Table 

showing  the  fall  in  the  Upper  Ammonoosuc  river. 

Locality. 
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Pond  of  Safety  ., 
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33 

16 

8i 
2J 

Feet. 
1,975 

1,015 

926 

866 

Feet. 

1          900 
1            89 
1           60 

Feet. 

56.5 
11.9 
10.0 

Altitude  as  given  by  Dr.  Hitchooot. 
Elevation  of  rails,  Grand  Trunk  Railway. 
Water-surface  by  Grand  Trunk  Eailway  levels. 
Water-surfaoe  by  Grjnd  Trunk  Eailway  levels. 

"West  Milan 

EaUroad  crossing  near  Stark 

Bailroad  crossing  near  G-roveton 

• 
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The  Nulhegan  river  joins  tlie  Counecticut  from  the  west,  draiDing  the  northern  portion  of  Essex  county, 
Vermont.  Its  basin  comprises  132  square  miles,  Its  course  is  followed  by  the  Grand  Trunk  railway,  but  na 
returns  of  power  used  are  at  hand. 

MalVs  stream,  88  square  miles  drainage  area;  Indian  stream,  67  square  miles;  and  Perry  stream,  '2,1  square 
miles,  are  small  tributaries  which  the  Connecticut  recei\'es  from  the  north  in  the  extreme  upper  part  of  New 
Hampshire.  They  are  not  directly  reached  by  any  railroad,  and  no  information  has  been  gained  that  they  are  in 
any  way  used  for  power,  except  that  a  single  small  saw-mill  power  is  returned  for  Perry  stream. 

Tahle  of  utilized  power  on  the  Connecticut  river  and  its  tributaries. 


stream. 


Connectiont  rirer. 

Do..... 

Do 


Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do., 
Do. 
Do. 
Do., 
Do.. 
Do.. 
Do.. 
Do.. 
Do., 
Do.. 
Do.. 
Do.. 


Do. 
Do. 
Do. 
Do- 
Do. 
Do. 


Trlbntaiy  to  what. 


Long  Island  Bonnd 
....do 


.do. 
..do. 
.do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do  . 
.do. 
.do  . 
..do. 

.do. 
..do. 
..do. 
..do. 
,.do- 
..do. 
-do. 
.do. 
.do. 
.do. 
do. 
.do. 
.do. 


..do. 
..do. 
.do. 
.do  . 
do. 
.do. 


state. 


Connecticut .... 

...do  

...do 

...do 

...do 

...do 

...do  

...do  

...do 

....do  

Massachusetts . 

...do 

....do 

...do  

...do  

...do  

....do 

...do..... 

...do  

...do  

,.1.do 

...do 

...dp 

...do 

...do  

...do 

...do  

...do 

...do 

...do  

...do  


.do  . 
.do  . 
.do  . 
.do  . 
.do. 
.do. 
.do. 
..do. 
do. 
.do. 
.do. 
.do. 
.do. 


Yennont. 
...do.... 
...do... 
...do.... 
...do  ... 
...do.... 


County. 


Hartford.. 

...do  

...do....: 

...do 

...do  

....do 

....do 

...do  

....do  

...do  

Hampden . 

...do 

....do  

...do  

....do  

...do 

...do 

...do  

...do  

...do  

...do 

...do  

...do  

,..  do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 


..  do , 

...do 

...do 

...do 

...do  

Hampshire 

...do 

Franklin.., 

...do 

...do 

...do  

...do 

...do  


Windham  . 

...do    

...do  

...do 

...do  

...do  


Kind  of  mill  or  manu- 
facture. 


Paper 

Iron  and  steel 

Cotton 

Hosiery 

Silk 

Wool  grading  and  soonring. 

Kahber  rollers , 

Machinery - , 

Flour  and  grist 

Saw 

Paperbags    

Leather  belting  and  hose. 

Brick  and  tile , 

Carpentering 

Cotton - , 

Cutlery  and  edge-tools. . . 

Fertilizers , 

Files 

Flour  and  grist , 

Lithographing 

Planing , 

Mattresses  and  spring  beds 

Mucilage  and  paste 

Machinery 

Paper 

Knbber  and  elastic  goods. 

Sashes,  doors,  and  blinds. . 

Screws 

Shoddy 

Silk 

Steam  fitting  and  heating 
apparatus. 

Wirework 

Wood  turning  and  carving. 

Wood-pulp 

Woolen 

Worsted 

Cotton 

Paper 

Cotton 

Cutlery  and  edge.tools 

Leather-board 

Paper 

Machinery 

Sa.w 

Agricultural  implements . 

Flour  and  grist 

Machinery 

Paper ■. 

Picture-molding 

Planing  and  sawing 


Feet. 


>   (a)  i 


}   (*) 


^26-32$ 


f   («)  < 


(d)  } 


B.  P. 

1,080 
250 
100 
50 
10 


225 

36 

45 

30 

4 

6 

16 

15 

3,016 

40 

10 

3 

80 

1 

40 

2 

10 

288 

6,315 

60 

16 

80 

150 

100 

6 

140 
5 
120 
663 
550 
250 
275 

75 
675 

15 
3,290 

60 
216 


30 

4,017 

20 

15 


^1 

OS  g 


H.  P. 


65 


23 


Bemarks. 


Windsor  Looks. — Total  water- 
power  utilized,  1,800  to  1,900 
horse-power. 


.Holyoke. 


1  South  Hadley  Falls, 
5     opposite  Holyoke, 


Is 
gs 

CO    . 

5  P  ® 
?  2  o 
d  S  ® 

fa's 

Slim 


gl 


Turner's  Falls . 


Opposite  Turner's 
Falls. 


a  Falls  range  from  20  to  26  feet. 

h  Total  fall  on  Holyoke  privilege,  66  to  59  feet,  utilized  from  three  levels. 
290 


^00   O   SO 

|-2g§ 

p  fca  S    .  « 
„S'0'2  te 

Bellows  Falls.— Total  water- 
power  utilized  in  1880,  as 
here  enumerated.  4,210 
horse-power.  Up  to  October, 
1882,  this  amount  had  been 
increased,  as  nearly  as  can 
be  ascertained,  by  introduc- 
tion of  two  new  mill.s  and  in- 
creasing thopowcr  at  the  old 
ones,  to  7,040  horse-power, 
of  which  6,847  was  employed 
in  paper  manufacture. 


c  Falls  range  from  20  to  41  feet. 

d  Total  fall  on  privilege  about  52  feet,  utilized  from  two  levels. 
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Table  of  utilized  poicer  on  the  Connectiviit  river  and  its  tributaries — Continued. 


stream. 

Tributary  to  -what. 

State. 

County. 

Kind  of  mill  or  manu- 
facture. 

4 

1 
1^ 

•a 

1 

o 
H 

s 

1 

igp. 

Remarks. 

Connecticut  river.. 

Longlslandsound. 
....do    . 

"Vermont 

New  Hampsliiro. 

Vermont 

New  Uampsliire . 
do 

Caledonia 

Grafton 

1 
1 
1 

2 
1 

1 
2 
1 

7 
4 

2 
10 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
3 
5 
1 
1 
6 
1 
1 
1 
7 
2 
2 
3 

Feet. 

\  H 

10 
21 
10 

17J 

27 

17 

61+- 

74 

69 
275 
28 
20 
12 

H.P. 
360  to) 

450  S 
120 
80 
100 

70 
140 

22 

99 
236 

136 

477+ 
15 
16 
10 

H.P. 

30 

85 

Do 

Mclndoe'e  Falls. 

Do 

....do    . 

Saw 

Do 

....do    ... 

...do 

Do 

....do 

do 

Flour  and  grist,  saw,  and 
starch. 

Connecticut  river. 
...do  

Connecticut  — 
...do 

Middlesex 

New  London.. 
.     .do 

Do 

Do 

....do 

....'do 

Salmon  river 

.  do 

...do  

Middlesex 

do 

Bells  

Do 

do 

Coffins  and  undertakers' 
goods. 

Do 

....do 

....do    

..do        .     .. 

Do 

do    .. 

do 

do 

Cotton  twine  .and  yarns. . . 
Flour  and  grist 

D» 

....do 

do 

do 

Do 

....do 

do       

do 

Do 

do 

...  do    

do 

Do 

do    

do 

do 

Paper       .             .... 

Do 

..  do    

do 

do 

Plated  and  Ijritannia  ware . 

48 
75 
20 
10 
36 
18 
62 

i  254' 

J           ^ 
24i 
10 
20 

104 
20 
38 
46 
69 
71 
21 
76 
18 
9 
10 

219+ 

36 

14+ 

7i 

]       » 

10-13 

8 

18 

5 
>   (a) 

9J 
20 

1      ■'' 

30 
80 

40 

Do 

....do  

...  do 

do 

Do 

...do  

..  do    

do 

Do 

....do  

...  do 

New  London.. 

Tolland 

Hartford 

do 

Sashes,  doors,  and  blinds. . 
Flour  and  grist   

10 
16 

18 
59 

1,  300 1 

to 
1,400  J 

126 

40 

250 

1,167 

38 

60 
110 

93 
120 

60 

70 

20 

10 

8 

292 

52 

40 

96 

400 

350 
16 
100 

40 

750 

50 
1,150 

480  ± 

■    840 

100 
600+ 

60 

40 
66 

8 

297 

758 

65 

60 1 

50+ 
(i) 

Do  

do 

do 

Do 

-.do..^ 

do 

....do    

Do.; 

....do  

do          

Saw   

Connecticut  river. 
....do  

do  . 

Tolland 

do       

Do 

.  do 

Do 

...do 

....do  

do    

Silk 

Bockville  (see  description). 

Do 

....do  

....do 

...do  

Woolen 

Do 

do 

do 

do 

.    do 

Do 

...do 

....do 

...do 

Paper 

Do 

do 

do 

Hartford 

.,..do  

Cotton 

Do 

...do 

....do 

Paper 

Tribntariea 

Hockanum  river., 
do 

do 

Tolland 

do 

Carpentering 

Do      

do 

Cotton 

Do 

do 

do 

do 

Flour  and  grist   

Do 

do 

do           .     . 

do 

Saw    

Do 

do 

do          

do 

Shoddy  

Do 

....do 

...do  

...do  

Woolen 

Cotton 

Do 

do 

do 

Hartford 

....do 

Do 

....do 

....do  

Do 

do 

do 

do 

TVrn.chipftry 

Do 

...do 

do 

...  do  

Do..: 

....do 

...do 

....do     

Do 

....do  

.do 

....do  

Silk 

Woolen  <. 

Do 

...do 

do 

...  do  

Farmington  river.. 
Do     

Connecticut  river, 
do    

.  do    

....do  

Worsted 

Poquonock. 

do        .... 

....do  

...do  

Do  

.  do 

.do 

.do    

Paper 

Do 

Do 

do     . 

do 

do       

...  do    

Do 

....do 

....do  

,...do  

Spoonville. 

TariffviUe  (300  horse-power  of 

wheels). 
Farmington. 

Do 

do 

do 

do 

Silk  ...     .            

Do 

....do  

do 

...do 

Do  

....do  

do 

....do 

Cutlery  and  edge-tools . . . 

Hardware 

Iron  bolts  and  nuts 

Paper 

Do 

.  .do   

do     

....do 

Do 

do    

do     

....do    

5  TJnionville  (about  l.OCO  horso- 
\     power,  total,  leased  in  1882). 

Do 

do 

do 

..  do 

Do 

...do 

do 

....do  

Turning 

Mour,  grist,  and  saw 

Agricultural  implements, 
edge.tools,  etc. 

Cotton-duck,      furniture, 
hardware,  brass  and  iron 
foundery,  giist  and  saw. 

Machinery,  castings,  and 
tools. 

Do 

..  do 

.  do 

....do  

Unionville ;  intermediate  privi- 

Do 

do    

do 

...do 

lege. 
Collinsville. 

Do 

do    

do    

Litchfield 

....do  

Do 

do   

do 

Pine  Meadow. 

a  Two  levels,  18  feet  fall  from  each. 
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Table  of  utilized  power  on  the  Goniieoticut  river  and  its  tributaries — Continued. 


stream. 

Tributary  to  wbat. 

State. 

County. 

Kind  of  mill  or  manu- 
facture. 

1 

•s 

■a 
1 

jl 

Semarks. 

ParmiDgton  riyer. 
Do 

Connecticut  river, 
.--.do 

Connecticut 

....do 

Litchfield 

....do  

Cotton 

2 
6 
2 

1 
1 
1 
1 

1 

1 
2 
5 
1 
1 
2 
5 

1 
1 

1 
3 
2 
1 
1 
1 
2 
1 
1 
2 
3 
1 
3 
2 
1 

1 
1 
1 
5 
1 
1 
1 
1 

19 
3 
1 
1 

Feet. 
30 
18 

8 
12 
12 

7i 
16 
12 

9 
83 
12 
12 

22,12 

24 

^5i 
10 
28 
100 
19+ 
12 
22 

6J 

8 

8 
11 
22 
71 
26 
12 
25 
82 

12 

8 

18 

71 

19 

15 

18 

15  ■ 

37 

6 

9 

68 
16 
28 
67 
7 

24 

8 

7 
72 
18 
13 
28 

6 

326 

55 

24 

H.P. 

800 

170 
20 

135 
40 
15 
75 
24 
24 

214 
10 
35 
11 
87 

10 

135 

30 

41 
106 

57 

10 

20 

25 

15 

15 
16 
23 
36 
16 
15 
18 
444 

10 
38 

.   72 
170 
63 
70 
80 
60 
73 
18 
54 
6 

40+ 
45 
70 
50+ 
15 

24 

100 

5 

119 

40 

25 

24 

56 
555 

75 
5 

18 

H.P. 

100 





345 

221 

19 
65 
10 

20 

120 
35 
50- 

10 
80 
75 

40 
15 

30 
fr 

10 

Kew  Hartford. 
Colebrook  river. 

Do 

....do  

...do  

....do 

Do 

.--.do ' 

...  do 

....do  

Do 

..-.do 

....do 

....do  

Saw 

Do 

...  do  

do 

....do    ...  . 

Sashes,  doors,  and  blinds . . 

Saw 

Do 

...  do   

MassaolrasettB.. 
....do  

Hampden 

....do  

Do 

..-.do  

Do 

.  do   - 

do 

Berkshire 

....do  

Agricultural  implements . . 

Do 

....do 

....do 

Do 

...do  

...  do 

....do    

Do 

...  do 

....do 

Wooden  packing-boxes . .. 
Wood  turning  and  carving 

Do 

.do 

do 

....do 

Pequabnck     river 

Farmington  river. 
...  do    .  .. 

Connecticut 

do 

Hartford 

....do 

and  tributaries. 
Do 

Carriage  and  "wagon  mate- 
rials. 

( )locka 

Do 

....do 

do 

....do  

Do 

....do  

do 

....do  .. 

Cutlery  and  edge-tools 

Do 

....do....^ 

.--.do 

....do 

Do 

.--.do  

....do 

....do 

Do 

...  do  

...do 

....do  

Do 

....do  ... 

do 

...  do    . 

Do 

....do 

....do  

....do  

Saw 

Do 

...  do 

do 

do 

Saws  manufactured 

Sewing-machine  materials 
■.  and  repairs. 

Do 

....do-    . 

do 

....do     . 

Do 

....do 

..I'.do 

....do    ..  . 

Do 

....do  

....do     . 

....do    ... 

Stencils  and  brands 

"Wood  turning  and^carving 
"Watch  and  clock  materials 

Do 

....do  

....do 

....do  ... 

Do  

....do  

..-.do 

....do  ... 

Do 

...do  

-.-.do 

Litchfield 

.-..do  . 

Do-...: 

....do  

...do 

Do 

....do  

...do  

....do 

Stm  river  and  trib- 

....do   

....do. 

..-.do   .... 

Agricultural  implements. . 

Wooden  packing-boxes  . . . 

CofBns  and  undertakers' 
goods. 

Clocks 

utaries. 
Do 

do 

do 

do 

Do 

..    do 

do 

do 

Do 

...  do  ..: 

....do  

....do  

Do 

...do 

do 

...do    . 

Cutlery  and  edge-tools 

Do 

....do  

....do 

....do  

Do 

....do  

....do  

....do  

Do 

...do  

....do  

...do  

Do 

...,do  

...do 

....do  

Do 

....do  

....do 

....do 

Do 

....do  

...do 

....do 

Do 

....do  

....do  

....do  

Do 

....do  

....do 

-...do  .... 

Printing  and  publishing  . . 
Saw 

Do 

....do  

....do  

....do  .. 

Do 

....do  

....do  

....do  

Do 

...do  

....do 

....do  

Do 

...do  

....do  

.-..do 

All  other  tributa- 

....do   .... 

...do...    . 

Hartford 

----do 

Carriage  and  wagon  mate- 
rials. 

Cutlery  and  edge-tools 

Explosives  and  fire- works. 

ries.           , 
Do 

.    do  ..    . 

....do  

Do 

do     . 

.  ..do  

...do 

Do 

....do  

....do 

....do  

Do 

....do  

-...do  

....do  

Do 

....do  

....do  

....do  

Do : 

....do 

....do 

...do  

Do .'. 

..-.do  

....do  

.-..do  

Paper 

Do 

-...do  

....do  

....do  

Saw  and  cotton 

Do •-.. 

...  do  

....do  

.....do 

Saw  ... 

Do  

do     

...do 

....do  

Wood  turning  and  carving 
W  heel  w  righting 

Do 

....do  

....io  

....do  

Do 

...do 

....do 

....do 

Woolen 

292 
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123 


stream. 


All  other  tributa- 
ries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what 


and 


Scantio  river 
tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Mill  river '. 

Do 

Do 

Do 

Do 

Do 

Westfleld  river  and 
tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.,--'. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do- 


Do. 
Do- 


Farmington  river 


...do 

...do 

...do 

...do 

..-do 

...do 

...do 

...do  

...do 

....do 

...do 

Coimectiont  river. 


..do. 
..do. 
..do  . 
..do. 
..do. 
'..do. 
..do  . 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
.do. 
..do. 

..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
-.do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do  . 
.  do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 

..do  .' 

.do  . 
do. 


State. 


Connecticut  . . 


...do 

...do 

...  do 

...do  

...do  

...do 

Massacbusetts.. 

...do  

...do 

...do 

...do 

Connecticut  .. 


...do 

...do  

....do    

...do 

....do  

...do 

...do  

...do 

Massachusetts. 

...do  

...do  

...do 

...do  

...do 

...do 

...do  

...do 


..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
.do  . 
..do  . 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do. 
..do. 
..do. 
..do. 

.do. 

.do. 
.do. 


County. 


Litcbiield. 


..  do 

...do , 

...do , 

..  do , 

...do 

...do , 

Berkshire 

...do 

...do , 

...do 

....do 

Hartford  . 


...do 

...do 

...do  

...do 

...do 

Tolland... 

...do 

...do 

Hampden. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do , 


Kind  of  mill  or  manu- 
facture. 


Agricultural  implements 


Blacksmithing 

riour  and  grist 

Iron  forgiugs 

Ivory  and  wood  rules. . 

Saw 

Wood  turning  and  carving 
A  gricultural  implements 

Cooperage  

Furniture 

Saw 

"Whips  and  lashes 

Fei  ti!izer.<* 


Flour  and  grist 

Gunpowder 

Paper  

Saw 

Woolen  

Flour,  grist,  and  saw  . . . . 

Saw  

Woolen 

Flour  and  grist 

Woolen 

Cotton-waste 

Fire-arms 

Flour  and  grist 

Hardware 

Silk ;. 

Woolen 

Baskets,  rattan-  and  wil. 
low.ware. 


.do Blacksmithing 

.do Boots  and  shoes... 

.do    Cigars 

.do Cigar.boxes 

.do Cardboard 

.do Carpentering 

.do Coflfin-trimmihgs.. 

.do Cotton 

.do Cotton-waste 

.do Emery-wheels 

.do Findings 

do ]  Flour  and  grist . . 

do I  Furniture 


do '  Gunpowder 

Kaolin  and  ground  earths 


..  do 

...do , 

...do , 

...  do 

...do 

...do 

...do 

...do 

...do , 

...do 

...do , 

...do 

...do , 

...do 

Hampshire 


.do. 


..do  . 
.do  . 


Machinery 

Paper 

...do  

Printing  and  publishing 

Saw  

Shoe-pegs,  etc 

Steam- heating  apparatus 

Tanneries  

Thread 

Toys  and  games 

Watch  and  clock  repairing 

Whips  and  whip  materials . 

Wooden  ware 

Baskets,  rattau-  and  wil- 
low-ware. 

Children's  carriages  and 
sleds 

Cooperage  

Cutlery  and  edge.tools — 
a  West  Springfield ;  fall  stated  above. 


1' 

rt  ^ 

r 

(0  -• 

rt 

Remarks. 

Feet. 

B.P. 

B.P. 

15 

20 

12 

20 

13+ 

43 

8 

25 

13,14 

107 

159 

288 

41 

57 

19 

21 



8 

25 

10 

8 

140 

123 
15 

6 

12 

65 

265 

621 

300 

240 

12 

42 

36 

55 

, 

33 

148 

260 

15i 

27 



67 

70 

23 

90 

20 

18 

52 

95 

160 

28 

65 

25 

32 

175 

100 

26J 

100 

80 

11 

75 

10 

60 

11 

9 

10 

12 

16 

32 

5 

12 

5 

22 

30 

31 

24 

6 

8 

32 

350 

West  SpringfleUL 

10 



14 

46 

67 

220+ 

20 

60 

24 

31 

32 

122 

25 

62 

86 

^1,412 

540 

30+ 

7 

98 

233 

9 

12 

54 

80 

10 
16 

15 

28 

1 

10+ 

18+ 

8 

12 

11 

7 

10 

14 

60 

45 

14 

6 
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Table  of  uiiUzcd  poicer  on  the  Connecticut  river  and  its  tributaries — Continued. 


stream. 


"Westfield  river  and 
tributaries. 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do...., 

Do 

Do 

Do 

Do 

Do 

Cbicopee  iiTer 

Do , 


Do. 


Do 

...do 

Do 

...do 

Do 

..  do 

Do 

....do 

Do 

.    do 

Qnaboag  river  and 
tributaries. 

Do 

CMoo 
do 

Do  

do 

Do 

do 

Do 

do 

Do 

...do 

Do 

....do 

Do 

....do 

Do 

Do 

....do 

Do 

...do 

Do  

...do 

"Ware    riyer    and 
tributaries. 

Do         

....do 
....do 

Do              

..  .do 

Do 

....do 

Do  

...do 

Do 

....do 

Do 

...do 

Do 

....do 

Do  

....do 

Do         

....do 

Do 

....do 

Do 

....do 

Do           

....do 

Do  

....do 

Do  

....do 

Do 

....do 

Do           

....do 

Do 

...do 

Tributary  to  what. 


State. 


Connecticut  river,  i  Massacliusetts. 


do  . 

do  . 

do  . 

do  . 

do  . 
.do  . 
.do. 
.do  . 

do  . 

do  . 
..do  . 
-do  . 
.  do  . 
..do. 
..do  . 
..do  . 
..do  . 
..do. 
..do. 

..do. 


County. 


Hanipsbire  . 


do do 

do do 

do do 

do do 

.do do  .  -  . . 

do do 

do do 

.do do 

do do 

.do Berkahire. 

do do 

do do 

do do 

do do 

do do 

.do j do 

do i...  do 

.  do I  Hampden . 

.do do 


do  . 


do. 


-do. 
.do. 
.do 
.do  . 
.do. 

.do  . 

.do. 
do. 
.do. 
.do. 

.do  . 

.do  . 

do. 

.do. 

.do  . 

.do. 
..do. 
..do  . 

..do- 
..do. 
..do. 
..do  . 

.do. 
..do. 

.do. 
..do. 
..do. 

.do. 

do. 

.do. 

.do. 

.dio  . 

.do. 

.do. 

.do. 


.do. 
.do. 
.do  . 
.do. 
.do. 

.do  . 


...do 

...do 

"Worcester . 
...do 


.do  . 


...do 

...do 

...do  

...do  

...do 

...do 

Hampden . 


Hampshire  . 

...do 

...do  

...do 

— do 

"Worcester . . 

...do 

....do  

...do  

...do 

...do 

...do , 

...do  

...do 

...do 

...do 

...do 


1 

Kind  of  mill  or  manu-         "g 

facture.  f, 

a 


iriour  and  grist 

Furniture 

Locli-  and  gun-smithing  . . 

Machinery 

Paper 

Saw 

Tools 

Wooden  handles 

Woodturningand  carving. 

Woolen 

Blacksmithing 

Cutlery  and  edge-tools 

Flour  and  grist 

Iron  castings 

Paper 

Saw 

Woodturningand  carving. 

"Wooden  ware 

Agricultural  implements  . 

Carpet     yarns,-   crashes, 
twines,  and  bagging. 

Cotton 


Flour  and  grist 1. 

Machinery . . ., 

Paper 

Swords 

Tools,    Sewing-machines, 
and  bronze  statuary. 

Flour  and  grist 


Shoddy 

Woolen 

Blacli  smithing 

Cariiage  and  wagon  ma- 
terials. 

Cotton 


Cutlery  and  edge-tools. . . 

Flour  and  grist 

Saw    

Wire 

Wooden  packing-boxes  .  - 

Woolen 

Cotton 


do 

Flour  and  grist 

Saw 

Woolen 

do 

Agricultural  implements 

Baskets 

Chairs 

Cotton 

Flour  and  grist 

Hats  and  cape 

Hones  and  whetstones 

Saw  

Tannery 

Tools 

Wheelbarrows 

Wooden  packing-boxes  . . . 


24 


Feet. 
64 

12 
32 
40 
91 
285 
13 
71 
92+ 
67 
18 
19 
18 
19 
27 
66 
47 
30 


9 
13 


23 


10 


53 

12 
127 
174 

60 

33 

20+ 

39 

63 

11 

11 

7 


40 

8. 

132 

19 
100 

12 

12 

340+ 
8 

16 

10 

14 


SS 


IT.  P. 

141 


50 

40 

485 

448 

12 

94 

193 

118 

6 

20- 

32 

6 

50 

90 

38 

12 

110 

700 

4,902 


105 

66 

513 


35 


250 

4 

20 

685 


236 
426 
180 
45 
210 
610 

750  ± 
20 


150 
44 
20 
96 

135 

228 

39 

8 

813 
30 
15 
15 


t4     ^ 


S.F. 


90 


120 
5 


20 
65 


150 
17 


300 


60 


80 


25 


35 


Kemarks. 


Ludlow  Manufacturing  Com- 
pany. 

These  mills  are  owned  by  four 
different  companies,  as  fol- 
lows :  4  by  the  Dwight  Man- 
ufacturing Company,  4  by 
the  Chicopee  Manuiocturing 
Company,  2  by  the  Indian 
Orchard  Mills,  and  1  by  the 
Otia  Company. 


Including  3  mills  at  "West  War^ 
Ten. 


Thomdike  Company. 
Otis  Company. 


294 


THE  REGION  TRIBUTARY  TO  LONG  ISLAND  SOUND. 


125 


Table  of  utilized  power  on  the  Connecticut  river  and  its  tributoricn — Coiitiiiued. 


stream. 


Ware    river    and 
tributaries. 

Do 

Swift    river    and 
tributarios. 

Bo 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Do 

Do 

Sundry  small  trib- 

ntanes. 

Do 

Do 

Do 

Do 

Do 

Mill  river 

Do 


Do.. 
Do., 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Deerfield  river  and 
tribntories. 


Do. 
Do. 
Do. 
Do. 
Do., 
Do. 
Do. 

Do., 
Do.. 
Do.. 
Do.. 
Do.. 
Do. 
Do.. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do 


Tributary  to  vihat 


Chlcopee  river. 


...do  . 
...do. 


.do. 
.do. 

do  . 

do. 
..do. 
..do. 
..do. 
..do. 
..do. 

.do. 

.do. 

.do. 
do- 
do, 
do. 


...do 

..do 

...do 

...do  

...do  

Connecticut  river. 

...do 

...do 

...do 

..do 

...do 

...do 

...do : 

...do 

...do 

...do  

...do 

...do  

...do  


..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 

..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 

..do. 
do. 
do  . 
do- 
do, 
do  . 
do. 
do. 
do  . 


State. 


Masaaohusetts. 


.do  . 
.do. 


do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do  . 
.  do. 
..do. 

..do. 
..do. 
..do. 
..do. 

do. 

.do. 

.do  . 
.do  . 

do  . 

do  . 
.do. 

do  . 

do. 
.do. 
.do  . 

do. 

do  . 

do. 
.do'. 

do  . 
.do  . 
.do  . 
.do. 
.do. 

do. 

do. 

do. 
.do  . 

do. 
.do  . 

do. 

do. 


...do.... 
...do.... 
.-.do.... 
...do..... 
...do.... 
...do..... 
Vermont - 


..do  . 
..do. 

do. 

do. 

do. 
.do. 

do. 

do  . 

do  . 


County. 


Worcester . . 

...do  

Hampden . . . 


HampsMre 

...do 

...do 

...do 

..do 

...do 

...do 

...do 

Worcester . 


...do 

...do 

..  do 

Franklin.. 

...do 

Hampden . 


..  do 

. . .  do 

...  do 

...do 

Worcester . . 

Hampshire  . 

...do  

...do 

...do  

...do 

...do 

...do 

...do 

...do 

.-  do 

--.do 

...do 

...do 

Franklin  . . . 


do  . 
.do. 
.do. 

do  . 
.do. 

do. 
.do. 


...do 

.-  do 

...do 

...do 

Berkshire... 

--.do-....  .. 

Windham  .. 

..  do 

--.do 

--.do  

...do 

-.  do 

--  do 

.-.do 

-do 

Bennington . 


Kind  Oif  mill  or  manu- 
faoture. 


W  ood  turning  and  carving . 

Woolen 

Cotton 

Agricultural  implements 

Cotton 

Flour  and  grist 

Saw 

Sporting  goods 

Wooden  packing.boxea  .  - . 

Wood  turnin  g  and  carving 

Woolen 

Billiard  and  bagatelle 
tables,  cues,  and  mate- 
rials. 

Saw  

Soapslone  

Wooden  packing-boxes  . . . 

Flour  and  grist 

Saw  

Bricks  and  tiles  

Flour  aud  grist 

Saw 

Woolen 

Worsted 

Woolen 

Agricultural  implements . . 

Brass  goods 

Buttons  

Cotton 

Cutlery  and  edge-tools 

Emery-wheels 

Flour  and  grist ". 

Paper 

Saw  

Silk  

Tape 

Wire-work 

Woolen 

Bits  and  gimlets 

Cotton 

Cutlery  and  edge-tools 

Files 

Flour  and  grist 

Hardware 

Machinery 

Musical  instruments  and 
materials. 

Saw 

Tanneries  

Wood  turning  and  carving 

Woolen 

Saw 

Machinery 

Children's  carriages  and 
sleds. 

Chairs     

Flour  and  grist 

Furniture 

Sashes,  doors,  .and  blinds  . 

Saw  

Tannery 

Wheelwrighting 

Wood  turning  and  carving 

Furniture 


ft  . 

^  6 


Feet. 
34 


38-40 
21 


43 
192 
22 

n 

15 

27 

7 

63 
20 
7 
22 
91 
12 

29 
40 
22 
9 
70 
14 
18 
54 
46 
32 
14 
27 


18 


10 
16 


111 
25 
16 

224 
32 


473+ 
26+ 

139 
18 


29J 


20 
113 

24 

10 
486 

10 
•20 

29 


5    I 


M.r. 


600 
493 

25 

35 

133 

373 

15 

12 

6 

150 

25 

181 
125 
36 
65 
182 
12 


45 

40 

45 

195 

120 

65 

109 

185 

197 

15 

67 


33 

100^00 
30 
25 
115 
25 

571 

350 

0 

371 

22 

6 

25 

816 
28 

150 
50 

225 

50 


157 

45 

7 

806 
10 
10 
24 

1^74 


a.  P. 


125 
100 


20 


40 
45 
195 
100 


85 
125 
200 

10 


85  ± 


50 
30 


15 
40 


20 
15 


40 


Remarks. 


Gilbertville. 
Bondsville. 


Nonotack  Silk  Company. 


f  Hoosao  Tunnel.— Full  power 
<  of  wheels  as  here  given  not 
(     in  use. 


295 


126. 


WATER-POWER  OF  THE  UNITED  STATES. 


Table  of  utilized  poicer  on  the  Connecticut  river  and  its  tributaries — Continued. 


stream. 

Tributary  to  what. 

State. 

County. 

Kind  of  mill  or  manu- 
facture. 

-2 

a 

o 

i 

.2 

i 
1 

1 

n 

i 

la 

B 
<1 

Semaiks. 

Deerfield  river  and 
tributaries. 

Do 

Connecticut  river. 
...  do    ... 

Vermont 

do 

Bennington . . . 
do 

Saw  

5 

1 

•  1 

1 

6 

4 
3 
2 
1 
1 
1 
1 

11 
1 
2 
3 
2 
2 
1 
1 

22 
2 

4 
1 
7 
6 

1 
1 
1 
2 
8 
1 
1 
1 

3 
30 

1 
1 
1 
1 
3 
2 
2 
2 
2 
9 
5 
1 
2 
16 
1 
1 
3 
1 
1 
1 

1 
3 
12 

4± 

Feet. 
86 

14 

9 

85 

59 

22+ 

23 

16 

10 

115+ 
8 
15 
38' 
24 

9 

4 

335 

26 

31+ 
'14 
103 
112 

14 
7 
g 

15 

71 

32 

16 

24+ 
398 

10 

S.P. 

199 

25 

35 

40 

351 

140 

57 

280 

40 

15 

100 

15 

292 

100 

375 

67 

29 

33 

35 

12 

866 

97 

187+ 

10 

268. 

170 

8 

5 

2 

25 

249 

50 

98 

6 

55+ 

1,328 

6 

30 

50 

S.P. 

40 

540 
20 

95 

6 

17 
25 
80 

15 

i)o 

. . .  do  . .     . 

do 

do 

"Wood  turning  and  carving 

Wooden  ware 

Chairs 

Do 

...  do    .;... 

...do  

do 

Miller's  river  and 

.  do    . 

Maasacliusetts . . 
...do   ". 

Franklin  .... 
do 

tributaries. 
Do 

....do 

Do 

...  do 

...do 

do 

Furniture 

Hardware 

Do 

...do  

...do 

Do 

....do 

....do  

do 

Do 

....do  

...do 

do 

Machinery 

Do 

....do 

do 

..  do 

...do 

do 

Do 

do 

...  do 

....do    

Sashes,  doors,  and  Winds  - 
Saw  

Do 

....do  

Do 

...do  

...  do    . 

do 

Do 

-...do    ... 

do 

do 

Wood-pulp  and  paper 

Wooden  packing-boxes  . . . 
Wood  turning  and  earving 

Do 

...do 

...do 

do 

do 

Do 

...do  

Do 

....do 

do 

do 

Do 

...do  

...  do . 

do 

Woolen 

Brooms  and  brushes 

Chairs 

Children's  carriages  and 
sleds. 

Cotton 

Do 

...do  

...do 

....do  

Worcester . . . 

...  do 

do 

Do 

do 

Mainly  on  Otter  river. 

Do 

....do  

do 

Do 

....do  

....do 

do 

Do 

...do  

...do 

...  do 

do 

Do 

....do  

..    do 

Do 

....do  

....do 

...  do 

do 

, 

Do 

....do  

..  do 

Do 

....do  

....do 

House -furnishing  goods  . . 

Do 

....do  

....do 

do 

Do 

....do  

...do 

do 

Do ■-.... 

....do  

...  do 

Do 

....do  

...do 

Matches 

Do 

....do  

...  do  . . 

do 

Do 

...do  

...do 

do 

Painting  and  paper-bang- 
ings. 

Sashes,  doors,  and  blinds  . 

Do  

...do  

do 

do 

Do 

....do  

...do    .  . 

do 

Do 

...  do' ■.. 

...  do 

..--do    

Shoddy      . 

Do 

....do  

....do 

do 

Silk 

Do 

....do  

...do    . 

do 

Do 

...do 

....do  

...do  

do 

Tools 

Do 

...  do 

...do 

26 
16 
80 
22 
25 
150 
72 
12 
22 
.    236 
14 
11 
36 
12 
12 
20 

8 

58 

143+ 

52 

9 

80 

36 

22 

650 

518 

50 

54 

543 

16 

18 

58 

50 

31 

20 

10 
200 
248 

70 
95 

65 

60 

40 
45 

Do 

...do 

---.do...     . 

do 

Do 

....do  

....do 

do 

Window  blinds  and  shades 
Wooden  packing-boxes  - . . 
Wood  turning  and  carving 
Wooden  "ware 

Do 

...do  

....do  ... 

do 

Do 

...do  

..  do 

...do 

do 

Do 

...do  

do 

Do 

....do  

...  do  

...do      . 

Do 

....do 

NejT  Hampshire. 
....do 

Cheshire 

..  do 

....do 

Do  

...,do 

Do 

.-..do 

...  do  

Do 

....do 

....do  

do 

Do 

....do  

....do  

do 

Do     

-...do 

...  do . 

do 

Wooden  packing-boxes  . . . 

' 

Do 

....do  

...do  

....do  ..   . 

Do 

....do  

....do 

Hillsborough  . 
Cheshire 

do 

Saw 

...do 

....do  

Agriculturalimplements. . 
Brooms  and  brushes , . 

tributaries. 
/Do             

...do 

.do 

Do 

...do  

...do  

...do 

Do 

...do  

....do 

...do  

Do 

...do  

...do I... 

...do 

Cotton 

Manufacture    woolen     goods 
also,  and  probably  included 
in  that  class. 
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Table  of  utilized  •power  on  the  ConniTiivut  river  and  ita  tributaries — Contiuued. 


stream. 


Tributary  to  what. 


State. 


County. 


Kind  of  mill  or  manu- 
fjcture. 


6= 
o 

si 


ct= 


Bemarks. 


Ashuelot  riyer  and 
tributaries. 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 


Sugar    river    and 
tributaries. 

Do 

Do I.... 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Mascomy  river  and 
tributaries. ' 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.r. 

Do , 

Do 


Connecticut  river. 


.do  . 
.do  . 
.do  . 
.do. 

.do  . 

.40. 
..do  . 
.do  . 
..do. 
.do. 
..do  . 
..do. 
..do  . 

-do  . 

.do. 
..do  . 

.do. 

.do. 

.do  . 

.do. 
.do. 
.do 
.do. 
.do  . 
.do. 
.do  . 
do  . 
.do  . 
.do  . 


...do. 
...do  . 
...do  . 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 


..do  . 
-.do. 
.  do. 
..do  . 
..do. 
..do  . 
..do  . 
.  do. 
..do  . 
..do. 
..do  . 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 

.do. 

.do. 


NewHampsliire 


..do. 
..do. 
..do  . 
..do. 

..do  . 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do  . 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do  . 

..do. 
..do. 
..do  . 
..do  . 
..do  . 

.do. 

.do  . 
..do. 
..do. 

.do  . 

.do. 
.do. 
.do. 
.do  . 
.do. 
do  . 
.do. 
.do. 
.do. 
.do. 


..do  . 
..do  . 
..do. 
..do. 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do. 
.  do. 
..do. 
..do. 
..do  . 
..do  . 
..do. 

.do. 

.do. 

.do. 


Cheshire. 

...do  .... 
...do.... 
...do.... 
...do.... 


...do.... 
...do  .... 

...do  .... 

...do  .... 

...do  .... 

...do  .... 
....do  .... 

...do.... 

...do  .... 
..  .do  .... 
...  do  .... 
:...do.... 
...do  .... 

Sullivan  . 

...do  .... 


..do. 
..do  . 

.do  . 

.do  . 

.do  . 

do. 

.do. 

.do  . 

.do  . 

.do  . 


...do  ... 
...do... 
...do... 
...do  ... 
...do  ... 
...do... 
...do... 
...do  ... 
...do... 
Grafton. 


..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do. 
..do  . 
.do  . 
.do  . 
.do. 
.do. 
.do  . 
.do. 


Cutlery  and  edge-tools. . . 

Pancy  and  paper  boxes  . . 

Flouring  and  grist 

Hosiery,  woolen 

Iron  bolts,  nuts,  washers, 
and  rivets. 

Iron  castings 

Machinery 

Paper 

Planing 

Sashes  and  blinds 

Saw 

Stone  and  cartheu  ware. . 

Tanneries 

Toys  and  games 

"Wirework 

Wooden  packing.boxes  . . . 

Wooden  ware , 

Woolen 

Saw 

Agricultural  implements . 

Blacksmith  ing 

Boot,  and  shoe-findings  . . . 

Cooperage  

.j  Cotton 

.  I  Excelsior 

.]  Files 

Flouring  and  grist 

Hosiery 

Iron  castings 

Leather  tanned  and  cur- 
ried. 

Machinery 

Paper 

Printing  and  publishing  . . 

Saddlery  and  harness 

Saw 

Wood  turning  and  carving . 

Wooden  handles 

Wooden  ware 

Woolen 

Agricultural  implements . . 

Blacksmithing 

Brooms  and  brushes 

Carpentering 

Cooperage  

Flouring  and  grist 

Furniture 

Hosiery 

Iron  castings 

Machinery 

Marble  fini  stone  work  . . . 
Mattresses  and  springbeds 

Paper 

Sashes,  doors,  and  blinds . . 

Saw 

Tannery 

Watch  and  clock  materials . 

Wheelwrighting '. . 

Wooden  ware 

Woolen 


Feet. 
7. 

6 

61 
12 
12 

13 
44 
34 
27 
9 

616 
28 
29 
S 
16 
96 
43 

164 
21 
12 

10 
7 


16i 

26 

11 

77 

22 


8 
61 


11 
345 
46 
23 
62 
62i 
13 


32 
12 
18 
100 
12 
20 
13 
25 

7 

8 

12 

12 

217 

8 
13 
24 

6 
12 


S.P. 

30 

34 

158 

3S 

2 

5 
70 

244 
32 
20 
1,310 
31 
63 
10 
12 

239 
75 

956 
90 
66 

15 

9 

2 

300 

120 

30 
689 

62 

15 
,76 

10 

255 

8 

30 

836 

83 

65 

97 

410 

20 

6 

24 
28 
58 
320 
120 
42 
20 
55 
10 
60 
50 
25 
599 
30 
20 
60 
30 


B.  P. 


45 
15 


14 
316 


50 


33 


297 
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Table  of  utilized  power  on  the  Connecticut  river  and  its  tributaries — Contiuued, 


stream. 


Lower  Ammonoo- 
suc    river     and 
■  tributaries. 

Do 

Do 

Do 

Do 

•Do 

Do ,, 


Do. 
Do. 


Do. 


Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

John's  river. 

Do 

Do 


Israel's  river  and 
tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 


Upper  Ammonoo- 
snc  river  and 
tributaries. 

Do 

Do 

Mohawk  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


"West    river     and 
tributaiies. 

Do 

Do 

Do 

Do 

Do 


Do. 

Do. 
Do. 
Do. 
Do. 

Do., 


Tributary  to  what. 


Conneuticut  river 


do  . 

do  . 
.do  . 
.do  . 
.do  . 
.do. 


do., 
.do... 


-do. 

-  do  . 
.  do  . 
.  do  . 
..do  . 
.  do. 
.  do. 
-do  . 
-do  . 
.  do  . 
..do  , 
.  do. 
..do. 

-do  . 
.  do  . 
..do  . 
-do. 
-do. 
.do. 
-do. 
..do. 
..do. 
..do  . 

..do  . 
..do  . 
..do. 
..do. 
..do. 
..do  . 
.  do 
.do. 
..do  . 
.  do. 
.do. 
..do. 
..do. 

..do  . 
..do  . 
.  do  . 
..do  . 
do  . 

do. 

.do  . 
do  . 
do  . 
do. 

.do  . 


State. 


New  Hampshire 


do. 
do  . 
.do  . 
do  . 
do  . 
do  . 

do. 
do. 

do 

do  . 

do  . 

do  . 
.do  . 

do. 

do  . 
.do  . 
..do  . 
.  do  . 
..do  . 
..do  . 
..do  . 

..do  . 
..do. 

.do  . 
..do  . 

.do  , 

-do  . 
..do  . 
..do. 

.do  . 

do. 


...do 

...do.... 
...do  .... 
...do.... 
...do.... 
...do.... 
..do.... 
...do  .... 
...do  .... 
...do  .... 
.'..do.... 
...do  .... 
Vermont. 
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do. 
do  . 
do  . 
do  . 
do  . 

do  . 

do  . 
.do. 
do  . 
do  . 

do  . 


Connly. 


Grafton. 


.do  . 
do  . 
do  . 
do  . 
do  . 
do  . 

do  . 
do  . 

do  . 


....do. 
..-.do  . 

...do. 
do 

--.do  . 

--.do  . 

--.do  . 

...do  . 

Coos.. 

--.do  - 
.--  do. 
.--do  . 


.do  . 
.do. 
.do. 
.do. 

do. 

do  . 
.do 

do  . 
.do  . 

do  . 


...do 

--.do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

Windham. 


do. 
do  . 
.do  . 
do  . 
do  . 

do  . 


...do 

...do 

...do 

Bennington . 


do. 


Kind  of  mill  or  manu- 
facture. 


Agricultural  implements . 

Carpentering 

Carriages  and  wagons  . .  - 

Cooperage 

riouring  and  grist 

Gloves  and  mittens 

Leather  tanned  and  cur- 
ried. 

Machinery 

Mattresses     and     spring 
beds. 

Musical  instruments  and 
materials. 

Sashes,  doors,  and  blinds. 

Saw  

Shoe.pegs 

Spools  and  bobbins 

Starch 

Wheelwrighting 

"Wooden  pacliing-boxes.  -  - 

"Wood-pulp 

Sashes,  doors,  and  blinds - 

Saw  

"Wheelwrighting 

Carriages  and  wagons  .  -  - 

Flouring  an-d  grist 

Furniture : 

Machinery 

Paper , 

Sashes,  doors,  and  blinds- . 

Saw 

Starch  . . ., , 

"Wheelwrighting 

"Woolen 

FJouiing  and  grist 

Machinery 

Saw 

Cooperage 

Flouring  and  grist , 

Furniture 

Iron  castings 

Machinery 

Sashes,  doors,  and  blinds . . 

Saw. 

Starch 

"Wheelwrighting 

"Woolen 

Carriages  and  wagons 

Chairs 

Cooperage 

Flouring  and  grist 

Furniture , 

Loathor  tanned  and  cur- 
ried. 

Pickles,    preserves,    and 
sauces. 

Saw 

Wheelwrighting 

Wood  turning  and  carving 

Carriage  and  wagon  ma. 

terials. 

Saw 


Feet. 
16 

17 
10 
10 
76 
16 
32 

13 


14 
213 
12 
34 
17 
6 
15 
14+ 
10 


13i 
10 

24 
6 
7 

144 

14 
153 

28 


5 

117 

10 

13 


16 
30 


8 
10 


12 


10 
21 


33 

110 

12 


S.P. 

120 

20 
25 
45 
228 
150 
175 

25 
20 

20 

35 

890 
100 

90 

35 
8 

20 
520 

12 

160 

6 

30 

140 
15 
20 
25 
30 

661 
28 
15 
10 
65 

3 

4E0 

2 

70 


10 
18 
60 
40 

5 
12 

8 

20 

101 
129 


844 
•16 


376 


S.P. 


15 


310 


40 


150 


12 
3S 


Bemarka. 
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Table  of  utilized  power  on  the  Connecticut  river  and  its  tributaries — Continued. 


Stnam. 

Tributary  to  what 

State. 

County. 

Kind  of  mill  or  manu. 
faoture. 

to 

1 

o 

1 

i 
■S 

1 

1. 

to  ^ 

•f 

Bemarks. 

"West    river    and 

Conneoticnt  river. 
...  do    .... 

Vermont 

do 

Windsor 

do 

Cooperage   ...        

3 

6 
1 
1 

1 
1 

1 

1 

4 

1 

2 
1 
4 
1 
1 
2 
1 

1 
1 
1 

3 
1 
2 

1 
1 
1 

1 
3 

1 
1 
2 

13 
3 
1 
4 
1 

18 
1 
1 
1 
1 
1 
3 
5 
4 

3 
1 
4 
3 
9 
2 
2 
4 
2 
2 

3 

1 
1 

• 

Feet. 
11  + 

28+ 

20 
22 

0 

65 

20 

30 
12 
54 
11 
23 
45 
18 

18 
17 
10 

54 

ei 

34 
9 
7 
6J 

87 
39 

3« 

8 
43 
208 
43 
18 
341 
10 
315 
28 
16 

6 
10 
18 
42 
76 
45 

26 
8 

57 
45 
121 
32 
24 
85 
40 
15 

29 
18 
11 

• 

47 

160 
40 
15 
40 
20 
90 

12 

148 
25 

43 
30 
100 
12 
25 
95 
75 

25 
10 
12 

106 
8 
85 
20 
10 
22 

• 

42 
156 

31 

20 
121 
441 

34 

15 

44 

20 
646 

40 

10 
6 
5 

60 

79 
340 
125 

65 
'20 
215 

37 
376 

60 
110 
599 
125 

53 

36 
40 
75 

■     53 
8 

58 

15 
15 

16 



10 

25 
50 

30 

trlbutailes. 
Do 

Saw 

Do 

....do  

....do  

....do 

Toys  and  games 

Do 

....do 

..  do 

...do 

Do 

....do  

...  do 

....do  

Wooden  handles  — 

Do 

....do  

....do  

....do  

do 

...  do    

Windham  .... 
.do 

Baskets,  rattan-  and  wil- 
low-ware. 

Carriage  and  wagon  ma- 
terials. 

Fleming  and  grist 

Leather  tanned  and  cur- 
ried. 

■Do 

...  do  

.    do    .. 

Do 

....do  

....do  

...  do  

Do 

....do  

...  do  

...  do  

Do 

-    do 

do 

..    do 

Do    

...  do     

-    do 

..    do 

Marble  and  stone  work..- 

Saw 

Do  

...  do • 

do 

do 

Do 

...  do  

...do  

do     

Wheelwri  ffhtln  £f 

Do  

...  do  

...  do  

do    

"Wood  turning  and  carving. 

Do 

....do  

...do  

do    

...do  

...do  

...  do   

Flouring  and  griat 

Saw 

tribntariea. 
Do 

...do 

...  do    

do 

Do 

....do  

....do    

...do   

"Wood  turning  and  carving. 

Children's  carriages  and 
sleds. 

Flouring  and  grist 

Do 

....do  

...  do    

Windsor 

do 

Do 

do 

...do 

Do 

....do  

...  do 

do 

Do 

do 

...do 

do 

Saw 

Do 

...  do  

...  do    . 

.    do     . 

Do    .  . 

....do        ..      .  . 

...do 

do 

Wheelwri  ffhtinff 

Black    river    and 

...  do       

...do 

...do 

...  do 

Agricultural  implements. . 

tributaries. 
Do 

....do  

...  do  

Do 

....do  

...  do    

...  do  

...  do  

....do  

Children's  oarriageB  and 
sleds. 

Do 

do 

Do 

...do  

...do  

....do 

Do 

...do  

...  do  

...  do  

Do 

....do  

...  do  

...  do 

do       

Flouring  and  grist 

Do 

...do 

...do 

Do 

....do 

...  do  

....do 

Hones  and  whetstones 

Do 

....do  

...do  

...do    

Do 

....do  

...  do    

...do 

Marble  and  stone  work . . . 

Saw 

Do 

...do 

....do    

...do 

Do 

....do  

....do  

do 

Shoddy 

Do 

....do 

...do    

do 

Do 

...do 

....do    

do 

Do 

....do 

....do    .  . 

do 

Do 

....do  

...  do    . 

do 

Wood  turning  and  carving . 

Do 

....d»  

....do 

do 

Do 

....do    

..    do    . 

do 

Woftlpn 

. 

Ottaqoeoliee  river 
and  tributaries. 

Do 

....do 

....do     . 

do 

Agricultural  implements. . 

• 
...do 

...do 

....do  

Do 

...do 

...do 

....do  

Do 

...do 

....do  

...do 

Flouring  and  grist 

Sashes,  doors,  and  blinds. . 

Do 

....do  

....do  

..    do    . 

Do 

...do 

...do..... 

...  do  

Do    

....do  

....do  

do 

Tannery 

Do 

....do 

...do  

..    do 

Do  

...do 

...do 

do 

Do"        

...do 

...do  

Eutland 

Windsor 

..  do 

...do   

..  do 

A  gricultural  implements . . 

tributaries. 
Do      

...do  

...do 

Do              

...do  

...do  

do 

Do 

do 

..  do  ... 

do 

Chairs 
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Table  of  utilized  power  on  tJie  Connecticut,  river  and  its  tributaries — Continued. 


stream. 


White    river 
tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


and 


Tributary  to  what. 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Ora  p  omp  onooauc 

river. 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

"Wait's 


river 
tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Wells    river 
tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


and 


and 


Fassum^sic    river 
and  tributaries. 


Do. 
Do. 
Do. 
Do. 
Xlo,. 
Do.. 
Do.. 


Do. 
Do. 
Do. 


Connecticut  river 

..  do 

..  do 

...do 

..  do 

...do , 

...do 

...do , 

...do , 

...do , 

...do 

...do 

...do 

...do 

...do  


..do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do. 
..do. 
..do  . 
..do. 
..do. 

..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do. 
..do. 

..do  . 
..do. 
..do. 
..do  . 
..do  . 
..do  . 
.do  . 
.do. 
.do. 

do  . 
.do  .. 
.do. 
.do., 
-do., 
.do., 
.do  .. 
....do    . 


..do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do  - 
..do  . 

.do. 
.do  - 
.do  . 


State. 


Vermont. 


..do  . 
.  do  . 
.  do  . 
..do  . 
..do  . 
.do. 
..do  . 
..do- 
..do. 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 

..do  . 
..do. 
.do. 
-do  . 
.  do  . 
..do. 
..do. 
..do  . 
..do. 
..do. 

..do. 
..do  . 
..do  . 
.?do  . 
..do  . 
..do  . 
..do  . 
.  do  . 

..do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
.  do. 

..do. 
..do  ., 
..do  .. 
.do  .. 
,  do  .. 
.do  .. 
.do., 
.do  .. 


..do  . 
.do. 
..do  . 
..do  - 
..do 

do  . 
,.do  . 

do  . 
-do  . 
do 


County. 


Windsor. 


...do  .. 

...do  .., 
....do  ... 

...do  ... 

...do  .., 
...do  .. 

...do  ... 

Orange  , 

...do  ... 

...do... 
....do  ... 

...do  ... 
...do... 

...do  ... 


...  do  .... 
...do  .... 

...do  .... 
...do  .... 

Addison  . 
...do  .... 

Eutland  . 

...do  .... 

...do  .... 

Windsor . 


Orange 
...do  ... 
...do  .. 
..  do... 
...do... 
...do  ... 
...do  ... 
...do  ... 


..do  . 
..do. 
..do  . 
..do. 
..do. 
.do  . 
.do  . 
.do. 
.do. 


...do 

...do 

...do 

...do 

..:do 

Caledonia . 

...do 

...do 


..do  . 
.do  . 
..do  . 
.'do  . 
.do  . 
-do  . 
-do  . 

do  . 
.do  . 
.do  . 


Kind  of  mill  or  manu. 
lacture. 


Cooperage  . 


Flouring  and  grist 

Hardware 

Lumber  planed 

Saw ■ 

Toys  and  games 

Wheelwrighting 

Wooden  handles 

Agricultural  implements. 

Blacksmithing 

Carriages  and  wagons  . . . 

Cooperage    

Flourin.i;  and  grist 

Furniture : 


Leather  tanned  and  cur- 
ried. 

Saw    

Wheelwrighting 

Wooden  handles 

Woolen 

Saw 

Woolen 

Flouring  and  grist 

Saw  

Wood  turning  and  carving 

Saw 


Drugs  and  chemicals  . 

Flouring  and  grist 

Furniture  

Saw 

Sporting  goods 

Wheelwrighting 

Woolen 

Blacksmithing 


Cooperage  

Cordage  and  twine 

Flouring  and  grist 

Machinery 

Sashes,  doors,  and  blinds.. 

Saw 

Wheelwrighting 

Wood  turning  and  carving  . 
Blacksmithing 


Flouring  and  grist 

Furniture 

Paper 

Saw 

Woolen 

Flouring  and  grist 

Saw  

^Agricultural  implements. 

Carriages  and  wagons 

Chair-stock,  etc 

Cutlery  and  edge-tools . .  - 

Files 

Flouring  and  grist 

Furniture  
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Leather  tanned  and  cur- 
ried. 

Machinery 

Marble  and  stone  work  . . . 

Paper , 


11 
1 
3 

28 
1 
3 
2 
S 

: 
1 
1 

6 

1 
2 

14 
2 
1 
2 
5 
1 
1 
6 
1 
1 

1 
1 
1 
6 
1 
1 
1 
1 

2 
1 

e 
1 

1 

13 
3 

2 
1 

2 
1 
1 
3 
1 
2 
7 
3 

1 
1 
1 
1 
13 
2 


Feet. 
18 

164 

n 

53 


38 
16 
53J 
12 


65 
13 
21 

179+ 
9 
7i 

25 

78  . 
8 

H 
111 

17 

10 

16 
8 
10 
71 
10 
11 
30 


28 

15 

93 

9 

18 

174 

30 

26 

7 

22 
7 

18 

38 
8 

16J 
100 

48 

8 
29 
10 
10 
201 
26 
18 

32 
40 
25 


a.  P. 

22 

524 
18 
72 

939 

■  20 

48 

50 

106 

30 

8 

31 

287 
25 
18 

561 

150 

8 

55 

213 
12 
35 

162 
20 
60 


25 
185 


15 
40 
10 

8+ 
32 
131 


341 
24+ 
60 


100 
25 
70 

110 
20 
68 

235 

123 

40 

100 

4 

60 
663 

36 

50 

45 

40 

1,090 


&I 


H.P. 


25 


25 


Itemarks. 
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Table  of  utilized  poicer  on.  the  Connecticut  river  and  its  tributaries — Continued. 


stream. 


Tributary  to  what. 


State. 


County, 


Kiud  of  mill  or  manu- 
facture. 


pi 


11 


^1 

r 


Bemarka. 


^        river 
and  tributaries. 


Do.. 
Do., 
Do.. 
Do. 
Do. 
Do. 
Do. 
Do. 


Nulhegan  river  and 
tributaries. 

Minor  tributaries . 

Do 

Do 

Do 


Do.. 
Do.. 
Do.. 
Do.. 
Do-. 
Do-. 
Do.. 
Do.. 
Do.. 
Do.. 
Do-. 
Do.. 
Do.. 
Do  . 
Do., 

Do. 
Do. 
Do. 
Do- 
Do- 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do- 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 

Do., 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Connecticut  river. 


.do  . 
.do. 
.do. 
.do  . 
.do  . 
.do  . 
.do  . 
..do  . 
..do. 

..do. 
..do  . 
..do  . 
..do  . 

.do- 
.do  . 
.do. 
.do. 

do. 
.do  . 
.do  . 
.do  . 

do  . 
.do  . 
.do. 
.do  . 
.do. 
.do. 
.do- 

,.do. 
.do. 
..do. 
..do  - 
..do  . 

..do  . 
..do. 
..do. 
..do. 
..do  - 
..do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do- 
..do. 
..do. 
..do. 


.do  . 
.do  . 
.do  . 
.do. 
.do  . 
.do. 


Vermont. 


.do  . 

.do. 

.do- 
do. 

.do  . 

.do  . 
do. 

-do. 
..do. 


Connecticnt  . 
...do 


.do  . 

.do. 

do  . 

.do. 

.do  . 

.do- 
do . 

.do. 

.do  - 

.do. 
do. 

-do  . 
do. 

.do. 

,  do  . 

do. 

.do  . 

.do- 
.do  . 
.do  . 
.do. 
..do  . 

.  do. 
..do  . 
..do  - 
..do  . 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 


....do 

Massachusetts., 

...do  

...do  

...do  

....do 


Caledonia. 


...do. 

...do  . 

...do. 

...do. 

...do  . 

...do  . 

Essex. 
....do  . 
....do. 


Middlesex  . 

...do 

....do 

....do 


..do  . 
..do  . 
..do- 
..do  . 
..do. 
.  do  . 
..do. 
-.do. 
..do  . 
..do  . 
-do  . 
..do  . 
-do. 
..do. 
..do  . 


.do  . 
.do  . 
.do. 
.do  . 
do  . 


...do  .... 

...do  -..- 

...do.... 

...do.... 
Hartford. 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do  .... 
....do.... 

...do.... 

...do.... 
....do.... 
....do.... 
....do.... 
....do  .... 
.'...do  ..-- 
....do.... 


...do 

Hampden. . . 

...do 

...do  

...do 

Hampshire  . 


Sashes,  doors,  and  blinds. 


Scales  and  balances. 

Saw 

"Wheelwrighting 

Wood.pulp 

Wooden  ware 

"Woolen 

Flouring  and  grist  -  - 

Saw ; 

...do  


Agricultural  implements  . 

Brooms  and  brushes 

Buttons 

Coffins,  burial.cases,  and 
undertakers'  goods. 

Cotton 

Cutlery  and  edge.tools  — 

Dyeing  and  cleaning 

Fertilizers , 

Flouring  and  grist 

Gunpowder 

Hardware 

Hooks  and  eyes 

Iron  castings , 

Ivory  and  bone  work 

Lock-  and  gun-smithing  . . 
Mattresses  and  spring  beds 

Models  and  patterns 

Mosquito-  andfiy-nets  . . . 
Patent  medicines andcom 

pounds. 
Sashes,  doors,  and  blinds. . 

Saw 

Stationery  goods /.-, 

Tools 

"Washing-machines      and 

clothes- wringers. 

Wheelwrigbting 

"Wirework 

"Wood  turning  and  carving. 

"Wooden  handles 

Cigar  .boxes 

Cotton 

Fertilizers 

Flouring  and  grist 

Furniture 

Hardware 

Hosiery 

Iron  forgings 

Mattresses  and  spring  beds 

Needles  and  pins 

Paper 

Saw 

Soap  and  candles 

Tannery 

Tools 

"Watch  and  clock   ma£e, 
rials. 

"Woolen 

Fancy  articles 

Flouring  and  grist 

Saw 

"Woolen 

Buttons 


Feet. 
28 

38 

410 

60 

107 

37 

28 

12 

221 

12 

128 

64 

8 

11 

59 

42 

5 

23i 

178 


189 
26 

126 
20 
13 


6 
51 

13 
256 

19 
125 

37 


25 
21 
16 

9 
65 

9 

310 

15 

32 

12i 
56 
13 
38 
90 
112 
20 
12 

6 

60+ 
19 
143 
15+ 
20 
40 


B.P. 

61 

135 

846 

197 

2,760 

135 

68 

60 

502 

240 

260 

26 

3 

10 

250 

123 
10 
31 

333 
8 

173 

12 

5 

143 
15 
10 
2 
20 
20 

10 
324 

24 
213 

32 

30 
13 
35 
25 
20 

200 
20 

426 
10 

115 

27 

55 

6 

21 

157 

155 

15 

20 

10 

2 

186 
30 

162 
53 
15 
35 


S.P. 


560 
30 


89 


40 


40 


300 


25 


3 
61 


60 


140 
40 
40 


30 


301 


132 
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Table  of  utilized  'power  on  the  Conneeticut  river  and  its  tributaries — Continued. 


stream . 


Tributary  to  what. 


State. 


County. 


Kind  of  mill  or  manu- 
facture. 


.a 

3 


o 


a  o 
a  ft 


BemaTks. 


Minor  tributaries. 

Do  

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do-. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do  ., 
Do... 
Do  .. 
Do... 


Do. 


Connecticut  river. 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do  

...do 

...do 

. .  do ; 

...do  

...do  

...do  

...do 

...do  

...do    

...do  

...do  

...do  

...do  

...do  

...do  

...do 

...do  

...do  

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do 


..do  . 
...do. 
..do. 
..do  . 
.j&o  . 

..do  . 
..do  . 
..do. 
..do. 
..do  . 
..do. 
..do  . 
..do 
.  do. 
..do  . 
..do  . 
..do  . 
.  do  . 
..do. 
..do  . 
-do  ., 
.do.. 
..do  .. 
.do  .. 
.do., 
.do  .. 


Massacliusetts. 

....do 

...  do 

...do 

.....do 

...do  

....do  

...do  

...  do 

...do  

...do 

....do  

...do 

....do  

...do  

....do 

...do  

...do 

...do 

....do 

....do  

....do  

...  do  

....do    

....do  

.....do 

....do 

New  Hampshire 

...do 


..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 

do  . 
.do  . 
.do  . 
.do  . 

do  . 


.do  . 


.do  .... 

do  .... 

do  .... 

do  .... 
.do  .... 

do  .... 
.do...'. 

do  .... 
...do  .... 
...do  .... 
...do  .... 
...do  .... 
..  do  .... 
...do.... 
...do.... 
..  do  .... 
..  do  .... 
Vennont. 
...do  .... 
...do... 
...do.... 


.do. 


Hampshire  . . 

...do 

...do    

...  do  

....do 

...  do 

...do  

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do  

...do  

...do 

TranHin 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Cheshire 

...do 

...do 

...do 

...do  

...do 

...do  

...do 


...do  .... 
...do  .... 
...do  .... 
Sullivan  . 
...do.... 


do 

do 

do 

do    .... 

do 

....do 

Grafton. .. 

...do 

...do  

...do 

...do  

..  do 

...do  

Coos 

...do  ..... 

...do  

...do  

"Windham  . 

...do 

...do 

...do 


Children's  carriages  and 
slods. 


Cotton 

Fire-arms 

Flouring  and  grist 

Lumber  planed 

Machinery 

Paper 

Pumps 

Rubber  and  elastic  goods  . 
Sashes,  doors,  and  blinds. . 

Saw 

Silk 

Tannery 

Tools 

Upholstering  materials  . . . 

"Wheel  wrighting 

"Whips 

"Wooden  packing-boxes  . . . 
Agricultural  implements  . 

Chairs 

Flouring  and  grist 

Furniture 

Sashes,  doors,  and  blinds  . 

Saw 

"Wheelwrighting 

"Wood  turning  and  carving . 

"Woolen 

Cutlery  and  edge-tools 

Fancy  arid  paper  boxes  . . . 

Flouring  and  grist 

Paper 

Planing 

Sa«hes,  doors,  and  blinds.. 

Saw  

and   sheet- 


do. 


302 


Tin-,  copper- 
iron  ware. 

Vinegar  

"Wheelwrighting 

"Wood  turning  and  carving 

Carriages  and  wagons 

Coffins,  burial-cases,  and 
undertakers'  goods. 

Cooperage 

Flouring  and  grist 

Saw 

Shoe-pegs 

"Wooden  handles 

"Woolen 

Flouring  and  grist 

Hones  and  whetstones 

Paper 

Saw 

Starch 

Tannery 

"Wheelwrighting 

Flouring  and  grist 

Saw 

Starch 

"Wheelwrighting 

Blacksmitbing 

Chairs 

Flouring  and  grist 

Leather  tanned  and  cur- 
ried. 

Machinery 


3 
1 
10 
2 
1 
6 
1 
2 
1 

18 
2 
1 
1 
1 
1 
3 
2 
2 
1 
11 
1 
2 
30 
1 
3 
1 
1 
1 
2 
1 
1 
2 
15 
1 

1 
1 
1 
1 
1 

2 

5 
11 

1 

1 

2 

0 

3 

1 
18 

1 

1 

8 

5 
15 

2 

1 

1 

1 

6 

2 


Feet. 
24 

60 

15 
133 

16+ 
7 
166 
9 

41 

12 
243 

20 

20 

10 

22 

10 

26 

35 

26 

12 
269 

14 

28 
657 

40 

26 

18 

10 

12 

27 

12 

12 
43 
198 

9 


11 

14 
3 
7 

•23 -H 

140 

160 

9 

9 

31 
138 

29  + 

32 
292 

25 


254 

21 

20 

7 

11 

121 
22 


H.  P. 
13 

226 
25 

543 

45 

8 

457 
8 

110 
12 

475 
25 
8 
10 
20 
55 
16 
50 
52 
14 

254 
12 
20 


50 
20 
10 
2S 
76 
80 
10 
40 
387 
60 

20 
5 
40 
68 
10 

59 

219 

363 

55 

35 

*54 

351 

137 

75 

787 

12 

20 

38 

97 

688 

22 

30 

6 

26 

186 

33 

24 


H.P. 


580 


10 
210 


110 


12 


30 


10 


15 
25 
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Table  of  utilized  potver  on  the  Connecticut  river  and  its  tributaries — Coutinued. 


stream 

Tributary  to  what. 

State. 

County. 

Kind  of  mill  or  manu- 
facture. 

eg 
B 
B 
"S 

1 

s 

i 

1 

1 

.11 

Eemarlcs. 

Connectiout  river 
.do          

Vermont 

....do 

Windham  .... 
do 

1 

3 

8 

1 
l" 

1 

I 

1 

1- 
6 

2 
1 
2 
6 
1 
2 
1 
2 
1 
5 
2 
2 

2 
6 
1 
3 
8 
2 

Feet. 

17 

77i 

137 

81 

17 

14 

35 

4 

4 

27 
121 
30 
17 
54 
125 
20 
25 

a.  P. 

40 

155 

205 

10 

40 

3 

43 

18 

18 

250 

219 

120 

25 

100 

201 

30 

16 

H.P. 

70 
...1. 

220 
75 

Do  

Do 

do          

....do 

do 

Saw 

Do 

...do       

....do 

do 

Do      

do    

...do 

do 

Do  

....do          ..'  .... 

....do  

do 

Do 

do 

...do  

do 

Wood  turningand  carving- 
Agricultural  implements  . 

Coffins,  burial-cases,  and 
undertakers'  goods. 

Do 

do 

...do              

Windsor 

do 

Do 

....do    

...do  

Do  

....do 

...  do  

do 

Do 

do 

...do 

do 

Flonring  and  grist 

Do     ■ 

do     . 

....do 

do 

Do 

.   .  do 

...do  

do 

Do 

...  do    

....do 

do 

Sashes,  doors,'and  blinds.. 

Do 

....do  

....do 

do 

Do             

....do  

....do 

..  do 

Do  

do 

..-.do  

..do 

Do 

...do 

...do 

Orange 

do  . 

Cutlery  and  edge-tools 

Flouring  and  grist 

Furniture 

Saw 

Do 

...do 

....do     

37 
10 
80 
31 

27 

21 
99 
10 
49 
115 

90 

15 

190 

175 

18 

30 

450 

6 

33 
613 

18 

12 
30 

Do 

do 

....do          

do 

Do    

....do    

....do    

do 

Do 

...do  

....do    

Caledonia 

do    .... 

Flouring  and  grist 

Leather  tanned  and  cur- 
ried. 

Sashes,  doors,  and  blinds  . . 

Do    

....do  

....do    

Do  

....do  

....do  

....do  

Do 

...do  

....do 

....do  

Do 

do 

....do 

...do  

Do 

...do 

....do 

....do  

Do 

do 

....do  

Esaex 

do   

Do 

do 

....do  
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WATER-POWER  OF  THE  UNITED  STATES. 


Summary  of  power  utilized  on  the 

[With  a  few  nnimportant  exceptions  this  table  is  based  upon  the  returns  of  the  census  enumerators,  and  represents  the  power  in  use  in  1880.    The 


River. 

COTTON-MILLS. 

SILK-MILLS. 

WOOLEN-MILLS,  (a) 

PAPEK-MILLS. 

OS 

■g 
1 

i 
1.1 

i 

4 

1 

a 

3 

|1 

i 

5 

o5 

3 

a 
1 

B 
0  c 

1 

a 

ll 

a 
■s 

1 
a 

i 

¥ 
1 

k 

g  Pi 
1 

1 

2 

8 
13 
11 

3 

B.P. 

3,441 
683 
725+ 

1,270 

S.P. 

65 

85 

525+ 

100 

2 
1 
2 

1 

S.P. 

110 

S.P. 

6 

S.P. 

1,213 

S.P. 

30 
3 

16 
10 

1 

S.P. 

14, 981 

140+ 
1,499 
1,259 
42 

S.P. 

23 

77 
100 

■  758 

10 
3 
7 
1 
3 

20 
1 
1 
6 

12 
5 
1 

1,125 

260 

333 

60 

118 

1,640 
■115 
50 
553 
956 
410 

635 

797 
60 

4 

420 

6 

7 

Mill  river  {Hampden  county,  Masaachusetta) 

2 

3 

23 

2 

4 
4 
4 

1 

65 
350+ 
7,610 
185 
571 
187+ 

25 

1 

75 

120 
800 
60 
40 
95 
315 

13 

1 
1 

1,978 
513 

650 

g 

1,390 
125 
405 

9 

10 

Mill  river  (Hampshire  county,  Massachusetts) 

3 

100+ 

85 

1 

30 

3 
2 
3 
1 

468 

244 

255 

50 

80 

300 

50 
33 

17 
17 

1 

10 

1 

25 

18 

10 

1 
1 
2 

.12 
20 
95 

20 

58 

**? 

2 

121 

5 
4 
3 

1 

340 

590 

67 

40 

50 

- 

''fi 

07 

oq 



1 
2 

20 
58 

1 
2 

70 
1,090 

00 

31 

Sundry  small  trlTjutaries  of  Connecticut  river 

Total,  Connecticut  river  and  all  tributaries 

8 

926 

1,650 

2 

25 

8 

10 

293 

170 

16 

924 

341 

88+ 

16,434+ 

4,  370+ 

13 

517+ 

851 

107 

8,378 

2,753 

104 

23, 538+ 

2,034 

a  Including  also  worsted-mills. 

b  Comprising  blacksmithing  shops,  lock-  and  gun-smithing  shops,  brass  and  iron  founderies,  and  establishments  for  the  manufacture  of  agricultural  implements, 
iron  bolts  and  nuts,  machinery,  needles  and  pins,  plated  and  britannia  ware,  pumps,  saws,  screws,  scales  and  balances,  sewing-machines  and  sewing-machine 

c  Comprising  carpentering,  cooperage,  wheelwrighting,  and  wood  turning  and  carving  shops ;  planing-mills,  and  establishments  for  the  manufacture  of  billiard 
carriages  and   sleds,  cofQns  and  undertakers'  goods,  excelsior,  furniture,  general  house-furnishing  goods,  matches,  models  and  patterns,  picture-molding,  piano 

d  Comprising  bleaching  and  calendering,  dyeing  and  cleaning,  lithographing,  marble  ajid  stone,  calico  printing,  printing  and  publishing,  soapstone,  and  wool 
and  hose,  boots  and  shoes,  boot-  and  shoe-findings,  bricks  and  tiles,  brooms  and  brushes,  buttons,  carpet  yams,  crashes,  twines  and  bagging,  cigars,  cordage,  drugs 
whetstones,  hosiery,  horse-blankets,  kaolin  and  ground  earths,  leather  board,  linen,  mattresses  and  spring  beds,  mosquito-  and  fly-nets,  mucilage  and  paste,  musical 
starch,  stationery  goods,  tape,  toys  and  games,  upholstering  materials,  vinegar,  whips  and  lashes,  whip  materials,  wood-pulp,  and  wool  extract. 

e  Power  used  mainly  in  the  manufacture  of  wood-pulp. 

Note. — In  considering  tlie  results  furnished  by  the  above  table,  it  should  be  borne  in  mind  that  while  saw-mills  stand  first  in  number 
very  small  period,  altogether,  of  the  year.  In  reality,  paper-mills  far  outrank  all  the  other  classes  mentioned  in  the  aggregate  of  water- 
Eeckoning  upon  the  same  basis  of  working  hours  common  among  other  mills,  or,  say,  from  ten  to  twelve  hours,  the  total  power  utilized 
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Connecticut  river  and  its  tributaries. 

aggregate  has  since  been  increased  In  a  very  considerable  degree,  as  may  be  seen,  for  example,  from  the  nocounts  of  Holyoke  and  Bellows  Falls.] 


FLOUKINQ-  AND  GRIST- 
MILLS. 


Q  <U 
AN 


I 


B.P. 
373 
71 
ISO 
432 
310 
100 
393 
910 
67 
S28 
462 
158 
689 
320 
228 


140 

65 

70 

129 

148 

181 

441 

215 

846 

30 

131 

168 

713 


i 

la 
I 


S.P. 


150 


120 


29 
68 

1 
58 
58 
48 
26 
17 
18 

2 
U 
10 

2 
44 

4 

3 
18 
11 
53 

7 
13 
10 
37 

1 
167 


I 


B.P. 

845 

139 

95 

1,429 

125 


771 

2,045 

33 

1,896 

2,194 

1,310 

836 

599 

890 

150 

661 

480 

60 

1,370 

100 

110 

646 

SOI 

1,875 

245 

341 

345 

1,348 

240 

5,515 


S.P. 


45 


310 
40 
150 


118 


15 


25 


VAKIOUS  mSTAL-WOBKINQ 
ESTABLISHMEHTS.  (b) 


54 


s 


S.P. 

1,628 

154 

18 

3,110 


255 
226 
674 
407 
559 
662 
139 
135 
120 
146 


20 

3 

18 


125 
243 


10+ 


367 
1,463 


go 

a 


H.P. 

170 

40 

8 


100 

5 

77 

300 

30 

57 

2 


175 


VARIOUS  WOOD-WORKING 
ESTAULI8HMENTS.  (c) 


57 


O  V 


S.P. 

110 

245 

88 

679 


504 
263 


660 

2,863 

814 

367 

321 

343 

18 

90 


33 

352 

92 

40 

427 

232 

509 

40 

82 

25 

569 


1,126 


s 


B.P. 


60 


40 


25 


SUNDRY  OTHER  BSTAB- 
LIBBUENTS.(d) 


I 


^■6 

O  0} 
P..S 


H.P. 
665 


135 
313 
312 


154 
88 
153 
173 
184 
166 
920 
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34 
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13 
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18 
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1 
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I 
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23,  366 

1,432 

3,842 

8,852 

1,122 

555 

4,720 

14,  604 

1,061 

4,352 

7,572 

3,794 

3,176 

1,576 

2,526 

163 

974 

518 

233 

1,967 

580 

351 

2,132 

1,723 

3,618 

405 

596 

628 

6,985 

240 

14,  328 


§1 

■a 
p 


B.P. 

258 
155 

2,729 

1,303 
660 
125 
848 

2,582 
655 
585 

1,123 


506  j  12 

.  50  :  13 

33  I  14 

40  j  15 

310  1  16 

40  ]   17 

150  I  18 

23  j  19 

130  :  20 

66  [  21 

30  '  22 

15  '  23 

85     24 

55     25 

26 

27 

28 

29 

30 

31 


3,286 


11,  579 


278 


794 


27,194 


1,293 


256 


10,  547 -^ 


2,117 


10,842 


8,997 


997 


2,298 


118,  026         16,  047 


*iel]s,  bits  and  gimlets,  brass-ware,  bronze  statuary,  clocks,  cof^-trimmiugs,  cntlery  and  edge-tools,  files,  fire-arms,  general  hardware,  books  and  eyes,  iron  forglngs, 
jiaterials,  springs,  steam  fitting  and  heating  apparatus,  stencils  and  brands,  swords,  tin-,  copper-,  and  sheet-iron  ware,  watch  and  clock  materials,  wire,  and  wirework. 
and  bagatelle  tables,  ones,  and  materials,  cigar-  and  packing-  boxes,  bobbins,  carriages  and  wagons,  carriage  and  wagon  materials,  chairs,  chair-stock,  children's 
matprials,  mles,  sashes,  doors  and  blinds,  shoe-pegs,  spools,  washing-machines  and  clothes-wringers,  wheelban'ows,  wooden  handles,  an^  wooden  ware, 
grading  and  scouring  works ;  tanneries,  watch-  and  clock-repairing  shops,  and  establishments  for  the  manufactnre  of  baskets,  rattan-  and  willow- ware,  leather  belting 
and  chemicals,  emery-wheels,  explosives  and  fireworks,  fancy  and  paper  boxes  and  other  fancy  articles,  fertilizers,  gloves  and  mittensj  gunpowder,  hones  and 
instruments  and  materials,  patent  medicines  and  coinpoundis,  preserves  and  sauces,  rubber  and  elastic  goods,  shoddy,  soap  and  candles,  spectacles,  sporting  goods, 

and  in  the  aggregate  horse-power  of  wheels,  a  large  propoition  of  them  are  not  operated  continnously,  while  many  run  during  only  a 
power  actnally  employed,  since,  under  ordinary  circumstances,  they  are  mn  day  and  night  and  continuously  through  the  year- 
by  paper-mills  would  probably  correspond,  in  round  numbers,  to  at  least  from  40,000  to  50,000  horse-power. 
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III.— THE  QUINNIPIAO  RIVER. 

The  Quinuipiac  river  has  its  source  near  the  boujiclary  line  between  the  towns  of  New  Britain  and  Farmington^ 
Connecticut.  Its  entire  length  is  about  35  miles.  Most  of  the  way  it  flows  in  a  direction  somewhat  west  of  south,, 
but  in  the  lower  part  of  the  town  of  Southington  it  strikes  southeasterly  across  a  trap  ridge  which  runs  from  the 
vicinity  of  New  Haven  northerly  across  the  state ;  having  crossed  this  ridge  it  resumes  its  former  direction,  and' 
reaches  Long  Island  sound  through  Few  Haven  harbor. 

The  elevation  of  the  track  of  the  Ifew  Haven  and  Northampton  railroad  at  the  Quinoipiac  crossing  at 
Plantsville  is  140.9  feet  above  mean  low-tide  at  New  Haven,  indicating  a  probable  average  slope  in  the  25  miles 
from  Plantsville  crossing  to  the  mouth  of  from  5  to  5^  feet  per  mile.  The  area  drained  by  the  Quinnipiac  includes 
156  square  miles,  and  varies  in  width  from  4  or  5  miles  in  the  southern  portion  to  about  13  miles  in  the  latitude  of 
Meriden.  Although  not  large,  the  stream  is  regarded  as  well  suited  to  manufacturing  purposes.  It  is  largely  fed 
by  springs  and  spring  brooks  which  sustain  its  volume  in  the  dry  season. 

The  lower  course  lies  through  wide  salt  marshes,  succeeded  above  Quinnipiac  village  by  level  meadows  having 
a  rather  sandy  soil.  The  valley  is  there  broad  and  open,  bordered  by  hills  of  moderate  height.  The  first  dam  met 
in  ascending  the  river  is  at  Quinniijiac,  a  few  miles  from  the  mouth,  and  is  a  framed  timber  structure  about  5J  feet 
high.  The  river-bed  is  there  quicksand,  and  not  only  the  dam  but  the  masonry  abutments  rest  on  that  foundation.. 
Scour  is  prevented  below  the  dam  by  loose  stone,  and  in  front  of  the  west  abutment  by  a  plank  apron.  This 
abutment  is  7  feet  high,  9  feet  wide  at  the  base,  7  feet  wide  at  the  top,  and  is  grouted  throughout;  it  rises  only 
slightly  above  the  crest  of  the  dam.  The  slope  of  the  stream  in  its  lower  course  being  small,  it  readily  chokes  up 
during  freshets,  overflows  the  meadows  and  marshes,  and  rises  so  as  to  run  smoothly  over  the  top  of  the  dam;  it 
does  not  remain  at  a  high  stage,  however,  for  more  than  a  day  or  two.  The  fall  at  this  dam  is  6  feet.  The  only- 
power  in  use  is  for  a  grist-mill  and  a  small  establishment  manufacturing  tire-bolts,  blanks,  and  rivets.  For  the 
greater  part  of  the  year  there  is  a  moderate  surplus  power  available  for  rent  or  lease.  Mr.  T.  A.  Todd,  of 
Woodbridge,  owns  the  privilege. 

Estimate  of  power  at  Quinnipiac  village. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  mouths,  average  year 


Spring.    Summer.  Autumn.    Winter.        Year. 


Inches. 
11 


iTiches, 
11 


Inches. 
114 


Inches. 
11 


Inches, 
44J 


Drainage 
area. 


Sq.  tniles. 
153 


Flow  per 

second, 

average  for 

the 

24  hours. 


Cubic  feet. 
60 
80 
100 


Theoretical  horse- 
power. 


1  footfall. 
6.8 
9.1 
11.4 


efeetfaU. 
40 
50 
70 


Effective 
horse- 
power 

utilized. 


30  i 


At  Wallingford  the  stream  is  from  50  to  75  feet  wide.  The  lower  privilege  at  this  point  is  owned  and  occupied 
by  the  E.  AVallace  &  Sons  Manufacturing  Company,  manufacturers  of  flat  table-ware,  and  employing  275  hands. 
Tliis  company  has  7  feet  fall,  and  obtains  125  horse-power  by  water  during  about  one  half  the  year,  but  uses- 
steam-power  in  addition.  The  dam  is  stone  at  the  base,  with  timber  above.  The  head-  and  tail-races,  and  especially 
the  tail-race,  are  long,  having  a  combined  length  of  from  one-half  to  three-quarters  of  a  mile. 

Above  the  privilege  just  described  the  Oneida  community  has  a  fine  power,  where  it  has  until  recently 
manufactured  spoons.  Several  small  buildings,  mainly  of  wood,  are  standing  on  the  property,  but  when  visited,, 
ill  October,  1882,  they  were  not  in  use,  and  it  was  reported  that  the  community  was  desirous  of  selling  all  its 
property  here.  The  dam  is  a  substantial  structure  of  stone,  about  10  feet  high  and  from  180  to  185  feet  long 
between  abutments.  The  latter,  together  with  a  pier  at  thecenter  of  the  dam,  serve  to  support  an  iron  bow-string 
bridge.  This  dam  was  built  in  1872,  at  a  cost,  including  roll- way,  abutments,  and  supplementary  embankment,  of 
$30,000.  The  privilege  has*a  fall  of  9  feet,  and  is  especially  valuable  from  the  fact  that  there  is  a  large  storage 
above  the  dam,  the  area  of  the  pond  being  stated  at  110  acres — ample  for  storing  the  night-flow  of  the  stream  ift 
low  stages. 


Estimate  of  power  at  Community  privilege 

Wallingford. 

stage  of  river. 

Drainage 
area. 

riow  per 

second, 

average  for 

the 

24  hours. 

Theoretical  horao- 
power. 

Sq.  miles. 
[•          110 

Cubic  feet. 
r           40 
I            CO 
[           70 

Ifootfall. 
4.5 
0.8 
8,0 

9  feet  fall. 
40 
60 
70 

Available  10  months,  average  year. . . 

KoTE.— This  privilege  is  one-half  or  three-quarters  cif  a  mile  from  the  New  York,  Kew  Jlaven  and  Hartford  railroad,  and  12  miles  by  tkat  line  fi?oiii  New 
Haren.    Owing  to  the  large  pondage  the  power  can  be  doubled  for  12  hours  in  the  day  during  low  stngee  of  the  i-iTer, 
386 
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The  first  manufacturing  point  above  Wallingford  is  Yalesville,  3  miles  distant.  There  are  three  powers  in  use 
here.  At  the  lowest,  Messrs.  G.  I.  Mix  &  Co.  manufacture  spoons  and  hollow-ware,  employing  80  hands.  They 
use  9  feet  fall  and  100  horse-power.  The  dam  is  about  5  feet  high,  built  of  stone  in  cement  and  resting  upon  a 
gravel  and  rock  foundation.  The  river-bed  in  this  section  is  mainly  gravel,  and  underlying  it  and  the  surrounding 
country  is  red  sandstone.  The  remainder  of  the  fall  at  this  privilege,  above  the  height  of  the  dam,  is  gained  by 
long  races,  the  combined  length  of  the  head-  and  tail-races  being  about  half  a  mile.  By  means  of  embankments 
these  are  protected  from  freshet  waters  overflowing  from  the  river,  and  in  high  stages  the  head  is  increased  nearly 
as  much  in  the  head-race  as  it  is  diminished  in  the  tail-race,  so  that  but  little  trouble  is  experienced. 

At  the  middle  privilege  the  Charles  Parker  Company  mnuufactures  britannia  spoons.  The  dam  here  is  curving 
in  plan,  and  is  constructed  of  cut  stone  resting  upon  a  red-sandstone  foundation.  A  short  race  leads  to  the  mill, 
where  the  head  is  9  feet  and  the  rated  capacityof  the  wheels  is  150  horse-power,  which,  it  is  stated,  can  always  be 
realized. 

The  L'Homme  Dieu  Hardware  Company,  employing  50  hands  in  the  manufacture  of  augers,  is  located  on  the 
upper  Yalesville  privilege,  where  it  uses  8  feet  fall  and  130  horse-power.  The  dam  rests  upon  ledge  rock,  is  of 
cut  stone  masonry,  40  feet  long,  about  9  feet  high,  and  was  built  in  1845.  The  head-  and  tail-races  are  each  in  the 
neighborhood  of  1,000  feet  long. 

The  next  power  is  at  Hanover  village,  and  is  used  by  the  Meriden  Cutlery  Company.  The  dam  is  an  old 
structure,  which  was  rebuilt  some  years  ago  and  had  an  apron  added  at  a  total  cost  of  $5,000.  The  roll-way  is  150 
fyet  long,  20  feet  high,  and  has  a  bold  curve  up  stream ;  it  rests  upon  a  rock  bed,  and  consists  of  cut-stone  masonry 
surmounted  by  five  successive  layers  of  12  inch  square  timbers.  The  fall  is  20  feet,  and  150  horse-power  of  wheels 
is  in  use.  This  is  the  second  privilege  to  be  noticed  having  a  large  storage,  the  flowage  being  estimated  at  90  acres 
with  an  average  depth  of  5  feet.  The  large  pondage  is  a  great  benefit  to  the  mills  at  Yalesville,  where  the  ponds 
are  comparatively  small,  and  enables  them  to  realize  much  more  power  than  they  otherwise  would. 

Passing  farther  up  stream,  the  Quinnipiac  is  utilized  at  several  points  in  the  town  of  Southington,  but  being 
so  far  in  the  upper  waters  the  powers  obtained  are  small. 

Only  one  record  of  a  measurement  of  the  discharge  of  the  Quinnipiac  was  found ;  this  measurement  was  made 
in  the  latter  half  of  1879  for  the  Connecticut  state  board  of  health,(«)  and  showed  a  flow  of  about  160  cubic  feet 
per  second  below  the  Hanover  dam,  with  the  wheels  running  at  the  miU  and  water  just  dripping  over  the  top  of 
the  dam.    The  drainage  area  above  this  point  is  97  square  miles. 

Mill  river,  which  lies  immediately  west  of  the  Quinnipiac,  supplies  the  city  of  New  Haven  with  water,  and  its 
flow  has  been  observed.  As  stated  by  the  superintendent  of  the  water-works,  the  minimum  flow  is  12,000,000  and 
the  ordinary  summer  flow  20,000,000  gallons  per  day,  or,  respectively,  19  and  32  cubic  feet  per  second.  With  the 
drainage  area  of  56  square  miles,  these  figures  correspond  to  a  minimum  of  0.34  and  to  an  ordinary  summer  flow  of 
0.56  cubic  foot  per  second  to  the  square  mile. 

Table  of  utilized  power  on  the  Quinnipiac  river  and  its  tributaries. 
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Probably  operated  in  con- 
nection with  other  works . 


a  See  page  r9,  report  for  year  ending  November  31, 1879. 
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Tributaries. 
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Do 

Do 
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Table  of  utilized  power  on  the  Quinnifiac  river  and  its  tributaries— Gontiwied. 
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IV.— THE  HOUSATONIC  EIVER  AND  TRIBUTAKIES. 


THE  HOUSATONIC  RIVEE. 

This  important  stream  is  formed  by  small  branches  rising  in  the  northern  central  part  of  Berkshire  county, 
Massachusetts;  it  flows  southerly  through  that  county,  passes  down  across  Litchfield  county,  Connecticut,  then 
constitutes  the  boundary  between  the  counties  of  New  Haven  and  Fairfield,  and  empties  into  Long  Island  sound 
4  miles  east  of  Bridgeport.  The  principal  tributaries  are  the  Naugatuck,  Pomeraug,  and  Shepaag  rivers,  which 
join  the  main  stream  from  the  east  in  its  lower  course ;  numerous  miaor  streams  are  also  received,  many  of  which 
are  fed  by  large  ponds  and  lakes.  The  Housatonic  has  a  drainage  area  of  1,933  square  miles,  and  a  length  by 
general  course  of  about  110  miles  y  the  actual  distance  from  Pontoosuc  lake,  near  Pittsfield,  to  the  mouth,  following 
the  river  closely,  is  at  least  125  miles.    Navigation  extends  to  Birmingham,  about  11  miles  from  the  sound. 

The  fall  of  the  river  is  large,  amounting  to  nearly  1,000  feet  from  Pittsfield  to  the  mouth ;  it  is  generally  in 
the  form  of  gravelly  shoals,  alternating  with  stretches  of  quiet  water,  but  is  occasionally  interrupted  by  abrupt 
falls  over  rock,  as  at  New  Milford,  Bull's  Bridge,  and  Palls  Village. 

Table  showing  the  fall  in  the  Housatonic  river. 


Locality. 


Distance 
above 
mouth. 


Elevation 
above  tide. 


Fall 
between 
points. 


Distance 
between 
points. 


Average 

fall  per  mile 

between 

points. 


Remarks. 


Pittsfield,  Massachusetts 

Ashley  Falls,  Massachusetts... 
Falls  Village,  Connecticut 

1.8  mile  above  Cornwall  Bridge 
Mouth  of  Shepaug  liver 

Birmingham 


MUes. 
123 

81} 
72i 


64 
20} 

11 


Feet. 
983 

705 
622 


457 
106 


Feet. 
361 


352 
105 


MUea. 
60.6 

8.5 

34.5 
18.6 


7.15 

19.41 

10.20 
5.68 


Elevation  of  water-surface,  by  Boston  and  Albany  Kail. 

road  profile. 
Elevation  of  rails  at  Housatonic  Eailroad  crossing. 

Elevation  of  water-surface  immediately  below  Housatonic 
Bailroad  Company's  dam,  as  given  in  Report  of  the  De- 
partmm.t  of  Public  Worls  of  New  Tork  City,  June  30, 1 879. 
About  100  feet  of  the  total  fall  of  165  feet  occurs  at  Falls 
Village  within  a  short  distance. 

Elevation  of  water-surface  as  given  in  above  report, 
page  71. 

Elevation  of  water-snrface,  as  given  by  E.  B.  McNeill,  civil 
engineer. 

Tide-water  extends  to  Birmingham.  As  stated  by  Col.  J. 
W.  Barlow,  corps  of  engineers,  U.  S.  army,  the  mean  rise 
and  fall  of  tide  at  the  mouth  of  the  river  (Stratford)  is 
6.2  feet,  and  at  Derby  4.7  feet. 


Measurements  have  several  times  been  made  of  the  volume  of  the  river  in  low  stages,  with  the  following  results : 
During  the  development  of  the  Birmingham  power,  measurements  were  carried  on  which  served  as  a  basis  for 
the  assumption  still  made,  that  the  stream  can  be  relied  upon  there  in  the  lowest  stage  for  an  average  discharge 
during  the  24  hours  of  600  cubic  feet  per  second. 

During  the  summer  of  1878  the  river  was  carefully  examined  in  connection  with  a  scheme  for  diverting  its 
waters  for  the  supply  of  the  city  of  New  York.(a)  The  flow  was  gauged  at  Kent  by  Mr.  Horace  Loomis,  assistant 
engineer,  from  May  22  to  November  1.  The  results  showed  a  minimum  flow,  during  the  period  of  gaugings,  of  260 
cubic  feet  per  second,  average  for  the  24  hours ;  and  a  mean  flow  for  the  entire  season  (May  22-November  1)  of  460 
cubic  feet  per  second,  average  for  the  24  hours. 
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During  the  years  1881-'82  occasional  observations  were  made  of  the  flow  at  New  Milford  Falls  by  Mr.  B.  H.  Hull, 
civil  engineer,  of  Bridgeport.  These  measurements  were  rather  roughly  made,  with  a  view  to  finding  the  minimum 
flow  available  during  working  hours,  and  gave  the  minimum  for  the  period  stated  of  916  cubic  feet  per  second. 

The  results  of  these  various  gaagings  may  be  thus  presented : 


Qaugings  of  the  Housatonic  river. 


Lootdity. 

Dramaf^e 
area. 

Flow  per 
second. 

Cubic 

feet  per 

second  per 

square 

mile. 

Remarks. 

Birn  ingham 

Sq.  miles. 
1,662 

758 
758 

1,068 

CuUcfeeU 
500 

260 
460 

916 

0.32 

0.84 
0.61 

0.86 

Flow  statedis  theaveragefortl)e241ionrs.    Measurements  made  about  1867- 
'70,  and  result  assumed  as  available  amount  of  permanent  water. 

Minimum f  Tlie  volumen  bere  stated  are  the  average  for  the  24 

!.,„-.       „  .    1  ,^ hours.    The  measurements  were  made  in  the  sum- 

^9  t^%?f„rw  7S      mer  and  fall  of  1878  by  Horace  Loomis,  assistant 
22  to  November  1. 1      engineer  of  the  board  of  pubUc  works,  New  York 
I      city. 
Minimum  flow  during  working  hours,  as  roughly  measured  by  B.  H.  Hull. 
Average  flow  for  the  24  hours  would  bo  much  less. 

Kent 

D) 

New  Milford  Falls 

The  Housatonic  runs  through  a  beautiful  valley  flanked  much  of  the  way  by  wooded  hills,  and  with  now  and 
then  a  bordering  of  alluvial  meadow-land.  Its  width  increases  from  about  100  feet  in  the  vicinity  of  Lee  to  200 
feet  at  Kent  and  to  500  or  600  feet  at  Birmingham.  In  the  vicinity  of  Shefl&eld,  in  southern  Berkshire  county,  the 
bed  and  banks  are  alluvial ;  at  other  points  the  material  is  gravelly,  especially  on  the  shoals,  and  at  still  others  the 
stream  falls  over  ledges  of  limestone  and  granite.  Marble  is  quarried  to  some  extent  in  the  valley,  and  when  free 
from  flint  is  said  to  work  well  for  building-purposes.  A  good  quality  of  iron  ore  is  found  along  the  Housatonic, 
and  is  mined  at  Kent,  Lime  Eock,  and  in  southern  Massachusetts.  Very  pure  quartz  sand,  suited  to  glass-making, 
also  occurs. 

The  country  drained  by  the  river  is  quite  thickly  settled,  the  average  number  of  inhabitants  to  the  square  mile, 
as  stated  by  Mr.  Henry  Gannett,  geographer  of  the  Census  Office,  being  78,  as  against  57  for  the  Connecticut  and  9S 
for  the  Merrimack  basins.  Especially  in  southwestern  Connecticut  and  in  western  Massachusetts  the  varied  and 
numerous  manufacturing  industries  which  have  already  been  developed  have  attracted  a  large  population  of 
working  people  skilled  in  diverse  pursuits — an  important  circumstance  in  connection  with  the  further  improvement 
of  the  Housatonic. 

The  valley  has  good  railroad  communications.  The  river  is  followed  most  of  the  waj"  from  the  month  to 
Pittsfleld,  in  the  upper  waters,  by  the  Housatonic  railroad ;  it  is  crossed  at  the  mouth  by  the  New  York,  New 
Haven,  and  Hartford  line,  giving  connections  for  New  York  and  Boston ;  at  Bennett's  Bridge  by  the  New  York  and 
New  England  railroad,  running  from  Boston  to  Fishkill  on  the  Hudson;  at  Shepaug  by  the  Shepaug  railroad;  at 
North  Canaan  by  the  Hartford  and  Connecticut  Western,  reaching  the  Hudson  river  at  Ehinebeck ;  and  at  Pittsfleld 
by  the  Boston  and  Albany  railroad.  The  distances  by  rail  from  tidewater,  and  from  New  York  city,  of  some  of  the 
more  important  points  along  the  river,  are  given  below : 

Distances  by  rail  from  tide-water  of  points  on  the  Housatonic  river. 


Locality. 

To  Bridgeport. 

To  New  York. 

Pittsfleld,  (a)  Massach  iisetts  

MUea. 
110 
93 
67 
57 
45 
32J 
(c) 

Miles. 
166 
149 
123 
113 
101 
885 
69 

Falls  Village,  Connecticut 

Cornwall  Bridge,  Connecticut 

Bull's  Bridge,  (6)  Connecticut 

New  Milford  falls,  Connecticut : 

Birmingham,  Connecticut 

a  51  miles  from  Albany. 


b  Not  now  on  railroad  ;  would  require  a  branch  2  or  3  miles  long. 


c  Located  at  head  of  tide-water  in  Housatonic. 


Although  a  number  of  other  interests  are  represented,  especially  at  Birmingham,  the  great  manufacturing 
industries  of  the  main  river  are  the  production  of  paper  and  of  woolen  goods.  Quite  in  contrast  is  the  principal 
tributary,  the  Naugatuck,  on  which  the  chief  use  of  power  is  in  metal-working  establishments.  The  development 
of  power  on  the  Housatonic  has  taken  place  mainly  in  the  u])per  cour.sc,  where  the  river  is  more  easily  and  cheaply 
controlled  than  below,  while  numerous  privileges  available  in  the  lower  coniTC  have  remained  unimproved,  or 
at  least  substantially  so.  Amongthe  localities  especially  to  be  noticed  in  the  latter  respect  are  the  interval  of  river 
between  Birmin;:baiii  and  Bennett's  Bridge,  the  ialls  at  Bull's  lUidge,  and  those  at  Falls  Village. 
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Auchor-ice  causes  some  hinderance  to  the  mills  on  the  upper  river,  though  none  of  importance  is  experienced 
from  floating  cake-ice.  Farther  down  stream,  where  there  are  fewer  dams,  surface-ice  seems  to  be  more  troublesome, 
and  the  dam  at  West  Cornwall  is  sometimes  badly  raked  by  it.  On  the  Smith  Paper  Company's  dams  at  Lee  and 
Lenox,  from  125  to  150  feet  long,  the  common  spring-freshet  rise  does  not  exceed  about  5  feet;  on  the  Ousatonic  dam 
at  Birmingham,  with  an  overflow  C3G  feet  long,  the  ordinary  depth  in  a  spring  rise  is  estimated  to  be  within  the  same 
limit.  In  1874  a  depth  of  7  feet  9  inches  on  the  dam  was  reached,  and  the  next  greatest  depth  observed  was  6  feet 
7  inches,  in  September,  1882.  Freshets  in  the  river  run  out  quickly,  and  give  rise  to  but  little  difficulty  from 
backwater. 

Judging  by  the  results  of  gaugings,  the  yield  of  the  Housatonic  water-shed  appears  to  be  less  per  square  mile, 
in  very  dry  seasons,  than  in  the  case  of  either  the  Connecticut,  Shetucket,  or  Quinebaug,  to  the  eastward. 
Nevertheless,  the  volume  is  in  general  tolerably  well  sustained  by  a  large  number  of  ponds  and  reservoirs.  It  is 
almost  impossible  to  obtain  accurate  data  regarding  these,  but,  using  the  best  information  at  command,  it  is  estimated 
that  the  total  area  of  ponds  and  reservoirs  within  the  Housatonic  basin,  making  no  account  of  the  mill-ponds 
formed  by  the  dams  along  the  principal  streams,  amounts  to  at  least  9,000  or  10,000  acres.  Much  has  been  done 
to  improve  the  storage  of  the  natural  ponds  by  raising  their  surfaces  by  dams,  and  some  entirely  artificial  reservoirs 
have  also  been  buUt;  undoubtedly  the  work  might  be  carried  on  further  on  some  of  the  tributaries,  but  it  is  the 
opinion  of  good  judges  that  the  reservoir  capacity  of  the  upper  river  has  been  developed  about  as  much  as  is  really 
practicable. 

List  of  the  principal  ponds  and  reservoirs  in  the  basin  of  the  Housatonic  river. 


Name  of  pond. 


Locality  (town). 


Ponloosuc  lake 

Onota  lake 

Richmoncl  pond 

Lanrel  lake 

Plunkett  reservoir.. 

Tracy  reservoir 

Asliniere  reservoir,. 
Windsor  reservoir . . 
Lake  Mahkenac  — 

Goose  pond 

Grcenwator  pond . . . 

Wiuchel  pond 

Six-mile  pond 

Brewer  pond 

Plantaui  pond 


I'brt'e-inile  lake 

East  pond 

WasMning  lake 

Washinee  lake 

Wononscopomns  lake 

Lake  in  northwestern  part  . 

Do    

Wanonpakok  lake 

Mudge  pond 

Spectacle  ponds  

Waraniaug  lake 


Marflhnpooge  pond. . 

Bantam  lake 

Long  Meadow  pond. 

Quaspaug  pond 


Nortli  pond 

Park  pond 

Lily  Brook  reservoir 

Chestnut  Hill  reservoir. 
Cedar  Swamp  reservoir. . 


Lanesborough,  Massachusetts  - 

Pittsfield,  Massachusetts 

Richmond,  Massachusetts 

Lee,  Massachusetts 

Hinsdale,  Massachusetts 

...  do  

...do 

Windsor,  Massachusetts 

Stockhridge,  Massachusetts . . . 

Lee,  Massachusetts 

Becket,  Massachusetts 

Egremont,  Massachusetts 

Monterey,  Massachusetts 

...do 


Tributary  above  what 
important  point. 


Mount   Washington,    Massachu- 
setts. 

Sheffield,  Massachusetts 

NewMarlborough,  Massachusetts. 

Salisbury,  Connecticut 

...do 


do  . 
.do  . 
.do 

do. 


Sharon,  Connecticut . 
Kent,  Connecticut 


Warren  and  Washington,  Connec- 
ticut. 

Goshen,  Connecticut 

Litchfield  and  Morris,  Connecticut. 

Morris  and  Bethlehem,  Connecti- 
cut. 

Middlebury  and  Woodbury,  Con- 
necticut. 

Goshen,  Connecticut 

Winchester,  Connecticut 


Wolcott   and  Waterbury,  Con- 
necticut. 


Approximate  total  area  of  35  ponds  and  resei-voira  . 


Pittsfield  .... 

...do 

Lee 

..  do 

-..do 

..do 

..  do 

..  do 

Stockbridge  . 

-.  do 

...do 

ShefBeld 

Falls  Village. 
..  do 


.do  . 


...  do 

...  do 

...  do 

...  do 

Cornwall  Bridge . 

...do 

...  do 

New  Milford 

...do 

...do :... 

...do 


Bennett's  Bridge. 

Birmingham 

...do 


...do. 


Mouth  of  Housatonic . 
...do  


..  do 


Approxi- 
mate area. 


Acres. 

0313 

555 

178 

152 

96 

65 

310 

96 

250 

225 

100 

140 

344 

250 

120 

104 
104 
650 
400 
355 
6  210 
6225 
170 
230 
245 
745 

180 

c  1,070 

255 

635 

<i300 
(J60 

6112 
e80 
e80 


Outlet. 


9,304 


Housatonic  river. 

Do. 
Scott  brook,  to  Housatonic  river. 
Brook  running  to  Housatonic  river. 

Artificial  reservoirs  draining  through  East  branck 
to  main  Housatonic  river.  Areas  are  as  given  by 
manufacturers  controlling  them. 

Brook  ranning  to  Housatonic  river. 

Do. 

Do. 
Green  river,  to  Housatonic. 
Mill  river,  to  Konkapot,  to  Housatonio. 

Do. 
Brook  running  to  Housatonic. 

Iron  Works  river,  to  Housatonic. 
TTmpachina,  to  Konkapot,  to  Housatonio. 
No  outlet  shown  on  map. 
Schenob  brook,  to  Housatonic. 
Brook  running  to  Honaatonic. 

Do. 

Do. 
Brook  running  to  Ten-Mile  river,  to  Housatonle. 

Do. 
West  Aspetuck  river,  to  Housatonic. 
Aspetuck  river,  to  Housatonic. 

Shepang  river,  to  Housatonic. 

Bantam  river,  to  Shepaug,  to  Housatonic. 

Bantam  and  Pomeraug,  to  Housatonic. 

EightMile  brook,  to  Housatonic. 

Naugatuok  river,  to  Housatonic. 

Brook  running  to  Naugatuok,  to  Housatonij. 

Mad  river,  to  Naugatuok,  to  Housatonio. 

Do. 

Do. 


a  Area  .also  stated  b,y  manufacturer  on  outlet  at  575  acres. 

6  Extent  of  area  lying  within  Connecticut.    Lake  is  on  boundary  between  that  state  and  New  York, 
c  Area  also  given  as  1,200  acres. 

d  Area  as  stated  by  manufacturer  interested  in  reservoir. 
e  Artiflcial  reservoir ;  area  as  given  by  oflicer  of  reservoir  association. 
Noj-E.— The  above  list  includes  the  principal  ponds  and  reservoirs  drained  by  the  river  in  Massachusetts  and  Connecticut,  but  the  areas  cannot  be  depended 
upon  as  very  accurately  stated.    TJnle.ss  otherwise  Indicated  the  areas  for  Massachusetts  are  as  given  by  H.  P.  WaUing  in  Beport  of  MasaaohuKtti  State  Board  of 
Bealth,  1873,  and  those  for  Connecticut  are  as  measured  by  plauimcter  on  Clark  and  Tackabury's  map  of  Connecticut,  published  In  1869. 
310 
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Power  at  Birmingham,  {a)— Tho,  borough  of  Birmiugljam  coutaius  3,000  iuliabitaiits,  and  is  located  at  the  head 
«f  tide-water  and  navigation  on  the  Honsatonic,  at  the  junction  of  that  stream  with  its  ])rincipal  tributary,  the 
Naugatuck.  Vessels  ascend  the  former  river  to  the  lower  mills,  and  most  of  the  heavy  freighting  is  by  water.  At  a 
reasonable  expense  it  is  stated  that  navigation  can  be  extended  up  past  half  the  length  of  the  hydraulic  canal.  That 
canal  is  provided  with  a  lift-lock  from  the  river  and  a  guard-lock  to  the  pond  above  the  dam,  but  passage  through 
these  is  now  confined  to  scows,  which  go  a  few  miles  up  stream  and  bring  down  loads  of  timber,  brick,  and  stone. 

A  plan  of  developing  the  water-power  here  was  considered  as  long  ago  as  1838,  and  in  the  following  year 
the  state  granted  a  charter  for  the  purpose.  Through  fear  of  injuring  the  shad-fisheries,  a  high  dam  was  not 
allowed,  and  the  expense  of  bringing  a  long  canal  from  a  low  dam  was  too  great  to  be  practicable,  so  that  for  many 
years  nothing  was  done  toward  the  actual  improvement  of  the  power.  In  1864,  however,  permission  was  obtained 
to  build  a  high  dam;  work  was  begun  in  July,  1867,  and  continued  till  October,  1870,  when  the  dam  was  completed. 

The  privilege  at  Birmingham  is  unquestionably  one  of  the  best  located  and  best  developed  in  New  England. 
It  enjoys  fine  communications  by  land  and  water,  and  the  natural  site  for  canal  and  mills  is  excellent. 

The  dam  is  curving  in  plan,  with  a  versed  sine  of  50  feet,  and  measures  630  feet  in  length  between  abutments. 
The  width  at  base  is  25  feet,  the  height  from  surface  of  apron  to  crest  22  feet,  and  the  width  of  coping  8  feet.  The 
structure  is  built  of  stone  in  cement,  the  face  having  a  batter 
•of  about  2  inches  in  a  foot.  A  timber  apron,  filled  in  with 
-concrete,  projects  24  feet  from  the  front  slope.  The  surface 
timbers  of  the  apron  are  a  foot  square,  and  the  bottom  timbers 
extend  some  distance  back  under  the  stone-work  of  the  dam. 
Where  the  latter  rests  upon  gravel  the  apron  has  a  pitch- 
plank,  7  feet  long,  supported  at  the  end  by  a  cross-timber  1 
foot  square.  A  row  of  sheet-piling  extends  under  the  down- 
stream edge  of  the  apron  and  another  under  the  face  of  the 
dam.  The  west  abutment  and  the  adjacent  portion  of  the  dam 
rest  upon  rock,  while  the  remainder  is  founded  upon  gravel. 
In  October,  1869,  while  the  dam  was  in  process  of  construction, 
-and  indeed  nearly  complete,  a  violent  storm  which  swept  over 
this  part  of  the  country  caused  a  heavy  freshet  in  the  Honsa- 
tonic ;  water  poured  13  feet  deep  over  the  partially-finished 
<lam,  undermined  and  destroyed  160  feet  of  its  length,  and 
scoured  out  an  immense  cavity  20  feet  deep  in  the  river-bed 
immediately  below.  This  space  was  afterward  filled  in  with 
loose  rock,  the  work  on  the  dam  was  continued,  and  finally 
brought  to  an  end  in  the  following  year. 

The  abutments  and  bulkhead  are  also  of  masonry,  in  part 
coursed  rubble  and  in  part  cut  stone  with  rock  face.  The 
west,  bulkhead  has  5  gate-openings,  each  8  feet  square ;  the 
«ast  bulkhead  has  3  gate-openings.  The  gates  in  the  west 
bulkhead  are  operated  by  a  turbine.    Immediately  adjacent 

the  canal  has  a  stone  waste-weir  150  feet  long.    The  dam  sets  back  the  water  in  the  river  some  5  miles  up  stream, 
thus  affording  a  fine  storage. 

The  west  canal  is  5,600  feet  long,  with  a  width  at  water-surface  of  60  feet,  and  a  depth  below  the  same  cf  J  2 
feet.  For  some  distance  from  the  dam  it  is  restrained  by  an  embankment  on  the  river  side;  it  then  leaves  the 
river  somewhat  and  is  carried  partly  as  excavation  along  ground  which  has  a  gentle  rise  from  the  stream,  leaving 
abundant  and  very  favorable  building-room  between  the  two.  The  greater  part  of  the  way  the  canal  is  walled  on 
both  sides  with  dry  stone.  Nearly  all  the  mills  are  upon  the  river  side  of  the  canal ;  one  or  two,  however,  are  upon 
the  opposite  side  and  discharge  tail-water  into  an  arched  passage- way  running  under  the  main  canal.  There  is  no 
other  waste-weir  than  the  one  near  the  bulkhead,  but  a  waste-gate  in  the  lower  course  may  be  made  to  serve  the 
same  purpose,  and  gives  opportunity  for  drawing  off  the  water  from  the  canal. 

The  cost  of  the  works  at  Birmingham  is  stated  as  follows :  Entire  cost  of  dam,  $264,000;  locks,  about  $22,000; 
«anal,  $115,000;  flowage  and  right  of  way,  $17,000;  an  additional  $12,000  for  a  break  in  the  canal;  making  a  total 
expenditure  on  account  of  hydraulic  works  of  $430,000. 

The  concerns  supplied  with  power  are:  1.  Wilkinson  Brothers  &  Co.,  manufacturers  of  paper  and  wood-pulp; 
.2.  Star  Pin  Company,  hooks  and  eyes  and  hair-pins  ;  3.  Spring  Horse  Shoe  Company ;  4.  Wilcox  &  Howe,  carriage 
hardware;  5.  Robert  Adams,  cotton  goods,  mosquito-nettings,  etc.;  6.  D.  M.  Bassett,  bolts;  7.  Derby  Silver" 
Company,  silver-plated  iat  and  hollow  ware;  8.  Birmingham  Corset  Company;  9.  Shelton  Company,  bolts  and 
tacks;  10.  Osboru  &~Cheesman  Company,  brass  manufiicturers;  11.  Eadcliffe  Brothers,  woolen  goods;  12.  E.  C. 
Maltby,  dippers  and  liollowware;  13.  Maltby,  Stevens,  &  Curtis  Company,  flat  ])Iated  ware;' 14.  New  York 
Desiccating  Company,  desiccated  cocoanuts;   15.  A.  B.  Euggles,  toys. 

am.  D.  S.  Brinsmadc,  secretary  aud  treasurer  of  tbe  Oiisatonic  Water  Conipaay,  kindly  lurnished  information  concernins  this  power. 


Fig.  28. — Ousatonic  dam. 
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The  Ousatonic  Water  Company  owns  the  land  and  power,  and  leases  the  latter  for  terms  of  ninety-nine  years. 
The  usual  policy  of  the  company  has  been  to  donate  the  land  for  building-sites  to  desirable  parties.  The  desire 
has  been,  not  so  much  merely  to  lease  all  the  power,  as,  for  instance,  to  a  few  paper-mills,  which  use  much  water 
but  do  not  employ  a  great  many  hands,  as  to  secure  a  diversity  of  manufactures  such  as  would  serve  to  build  up  a 

large  town. 

The  company  does  not  guarantee  water  in  any  case,  and  if  the  flow  of  the  stream  should  fall  below  the  amount 
of  permanent  water  leased,  then  all  lessees  of  such  water  must  share  alike  iu  a  reduction.  Three  grades  of  water 
are  recognized :  First,  permanent  water,  of  which  there  are  assumed  to  be  200  square  feet  (a  square  foot  of  water 
is  declared  in  the  leases  to  be  5  cubic  feet  per  second,  12  hours  in  the  day,  6  days  in  the  week);  As  has  before  been 
mentioned,  the  flow  of  the  river  was  gauged  while  the  works  at  Birmingham  were  in  progress,  and  the  assumption 
here  stated  is  based  upon  the  results  obtained  at  that  time.  Th,e  rental  charged  for  permanent  water  is  $250  per 
annum  per  square  foot.  Second,  first  surplus  water,  of  which  there  are  assumed  to  be  100  square  feet.  This  can 
probably  be  relied  upon  for  from  ten  to  eleven  months  in  the  year,  and  is  leased  at  the  rate  of  $150  per  annum  per 
square  foot.  Third,  second  surplus  water,  of  which  also  there  are  assumed  to  be  100  square  feet,  and  which  can  be 
relied  upon  for  much  of  the  year,  though  the  period  varies  considerably  in  different  years.  The  rate  for  this  class  is 
$100  per  annum  per  square  foot. 

Since  land  is  commonly  granted  free  at  Birmingham,  the  rental  charged  there  for  water  is  a  much  better  index 
of  the  real  cost  of  the  power  to  the  manufacturer  than  at  such  a  point  as  Holyolie,  where  the  expenses  for  land  and 
power  are  so  combined  as  not  to  be  easily  separated.  The  Birmingham  square  foot,  equal  to  5  cubic  feet  of  water 
per  second,  corresponds,  under  a  fall  of  22  feet,  to  almost  exactly  12.5  theoretical  horse-power.  Assuming  various 
degrees  of  eflciency  in  the  turbines  used,  the  equivalent  effective  powers,  and  their  cost  under  the  three  classifications 
of  water,  are  as  follows : 

Cost  of  water-power  at  Birmingham,  on  the  Mousatonic  river. 


Assamed 

efficiency  of 

wheels. 

Corresponding 

effective 

horse-power  of 

1  square  foot 

01  water. 

COST  PER  Ef  FECTIVB  HORSE-POWEE. 

Permanent 
■water. 

First  sur- 
plus. 

Second  sur- 
plus. 

60  per  cent... 
65  per  cent... 
70  per  cent.  -  - 
75  per  cent- . . 
80  per  cent. . . 
.85 per  cent... 

7.500 
8.125 
8.750 
9.375 
10.  000 
10.  625 

$33  33 
30  77 
28  57 
26  67 
25  00 
23  53 

$20  00 
18  46' 
17  14 
16  00 
15  00 
14  12 

$13  33 
12  31 
11  43 
10  67 
10  00 
9  41 

In  case  of  a  shortage  of  water  the  second  surplus  would  be  first  curtailed,  and  then  the  first.  If  it  became 
necessary  to  shut  down  on  second  surplus  water,  for  instance,  not  all  the  lessees  of  that  class  of  water  would  be 
equally  curtailed  a*  the  same  time,  but  in  order  as  the  water  failed  and  according  to  the  particular  lease;  generally 
speaking,  the  most  recent  lessee  would  be  cut  off  first. 

Up  to  October  13, 1882,  87|  square  feet  of  permanent  water  had  been  leased  and  14  square  feet  more  had  been 
contracted  for ;  about  one-half  of  the  first  surplus  and  32  square  feet  of  second  surplus  were  also  employed.  About 
183J  square  feet  of  water  will  therefore  soon  be  in  use ;  but  it  is  not  to  be  inferred  on  that  account  that  the  available 
power  is  nearly  exhausted,  for  that  is  not  the  case.  The  183J  square  feet  include  three  grades  of  water,  and  from 
the  company's  stand-point  the  privilege  is  only  about  one-half  disposed  of,  since  there  has  been  sold  only  one-half 
the  permanent  water.  It  is  desired  to  sell  the  remaining  half,  and  as  it  shall  become  necessary  in  pursuing  that 
plan  surplus  water  will  be  cut  off  so  that  the  full  amount  of  permanent  water  may  be  furnished  to  the  lessees.  The 
paper-mills  are  almost  the  only  users  of  surplus  water,  and  so  long  as  the  power  has  been  but  partially  developed 
it  has  been  for  their  interest  to  depend  largely  upon  that  class,  which  is  much  cheaper  than  permanent  water. 

The  total  amount  of  power  in  use  here  in  the  fall  of  1882  was  stated  at  about  1,500  horse-power  by  day  and 

500  by  night.    During  the  very  dry  summer  of  that  year  it  became  necessary  to  cut  down  slightly  on  surplus  water, 

but  it  is  claimed  that  with  2  feet  of  flash-boards  on  the  dam  there  would  have  been  no  shortage.    Flash-boards  have 

not  hitherto  been  employed,  but  the  company  purposes  to  use  them  iu  the  future,  if  necessary.    Except  from  August 

21  to  October  3  in  the  season  alluded  to,  vvater  wasted  over  the  dam  during  the  day — in  other  words,  continuously  j 

and  in  that  interval  it  was  with  few  exceptions  running  over  in  the  morning,  though  not  during  the  day*    The  pond 

is  never  drawn  down  more  than  6  inches  below  the  crest  of  the  dam,  the  company  having  the  right  to  curtail 

the  use  of  water  whenever  that  limit  shall  have  been  reached.     There  having  been  usually  thus  far  an  abundant 

•  supjily,  a  very  close  watch  has  not  beou  maintained  upon  the  amounts  of  water  in  use.     Whenever  considered 

(leMrfi'blc,  measurements  have  been  made,  always  employing  Francis'  methods,  with  the  use  of  either  floats  or  weirs. 

The  fall  from  the  water-surface  in  the  canal  at  the  mills,  assumed  to  be  at  the  same  level  as  the  crest  of  the 

(lam,  to  average  tide- water  in  the  river  is  22  feet.    The  fall  varies  slightly  along  the  canal,  but  not  to  exceed  1  foot. 

It  also  fluctuates  a  little  with  the  tide,  the  average  rise  and  fall  of  which  opposite  the~  canal  is  given  as  from  2  to  3 
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feet.  The  duratiou  of  high-tide  here,  however,  is  said  to  be  much  shorter  than  at  the  mouth  of  the  river.  Duriug 
freshets  there  is,  of  course,  backwater  in  the  river,  but  it  lasts  not  more  than  a  day  or  two  so  as  to  be  a  serious 
hinderance,  the  river  quickly  running  out.  Observation  has  shown  that  for  every  foot  of  rise  on  the  dam  there  is  a 
rise  of  about  2  feet  in  the  river  along  the  line  of  the  canal.  As  before  mentioned,  the  usual  spring  freshet  depth 
on  the  dam  is  not  over  5  feet,  and  since  its  completion  the  depth  has  not  exceeded  7  feet  9  inches. 

The  building  of  mills  can  be  continued  on  either  side  of  the  river.  The  west  canal  will  not  be  extended  any 
farther,  but  not  much  over  one-half  the  sites  along  its  course  are  yet  occupied.  At  any  time  when  a  demand  for 
sites  on  the  east  side  shall  arise,  the  water-power  company  is  prepared  to  use  the  canal  on  that  side,  which  is 
already  built  and  walled  and  connected  with  the  pond  by  a  substantial  bulkhead  with  gates.  This  canal  is 
designed  to  have  a  length  of  1,500  feet,  and  will  afford  good  building-sites  along  its  entire  course. 

The  available  power  at  this  privilege  may  be  estimated  as  follows: 

Estimated  power  of  the  Housatonic  river  at  Birmingham. 


stage  of  river. 


Low  water,  dry  year , 

Low  water,  average  year 

Available  10  months,  average  year. 


BAIKFALL  ON  BASIN. 


Spring.     Summer.  Autumn.    Winter.       Year. 


Inches. 
11 


Inches. 
13i 


Inches. 
13J 


Inches. 
lu 


Inches. 
48 


Drainage 
area. 


Sq.  miles. 
1,562 


Flow  per 
second, 
average 

for  the  24 
hours. 


Oubicfeet. 
f  650 

i  690 

I  960 


Theoretical  horse- 
power. 


Ifoot/all. 
62.  ."i 
78.4 
109.1 


Effective  horse- 
power utilized. 


22  feet /all. 
1,375 
1,725 
2,400 


In  the  fall  of  1882 
stated  at  about 
1,500  by  day  and 
600  by  night. 


The  river  above  Birmingham. — From  Birmingham  backwater  to  Bennett's  Bridge  the  Housatonic  is  almost  a 
continuous  rajrid,  with  only  short  stretches  of  smooth  water.  The  bed  is  gravelly,  and  the  banks  are  firm  and  of 
good  height,  with  no  meadow-land  until  within  half  a  mile  or  so  of  the  bridge.  This  section  of  the  stream  is  at 
present  without  railroad  facilities,  though  a  line  is  projected  to  follow  up  the  west  bank.  It  is  considered  that  two 
good  privileges  might  be  developed  here,  with  a  fall  of  15  or  20  feet  each.  According  to  the -elevations  previously 
given  there  is  a  fall  of  about  83  feet'from  the  mouth  of  the  Shepaug  to  the  top  of  the  Ousatonic  dam,  a  distance 
of  say  17  miles;  what  amount  of  this  fall  is  actually  available  for  power  can  be  determined  only  by  careful 
examination.  There  would  be  little  difficulty  in  finding  good  sites  for  dams,  but  this  part  of  the  valley  has  the 
objection  of  being  rather  narrow  and  not  favorable  to  the  location  of  large  villages. 

At  Bennett's  Bridge  an  island  divides  the  stream  into  two  channels,  one  180  and  one  75  feet  wide.  For 
perhaps  2  miles  above  this  point  the  stream  is  almost  free  from  rapids,  there  being  but  one  or  two  short  ones. 
The  valley  is  more  open  than  below,  the  banks  are  frequently  sandy,  and  are  succeeded  away  from  the  stream  by 
narrow  meadows.  Still  farther  up  stream  shoals  become  more  frequent,  but  the  banks  are  yet  sandy  in  places, 
though  generally  of  good  height. 

At  Little  York,  a  settlement  of  a  few  houses  about  1  mile  below  Shepaug,  a  rude  obstruction  of  stones  has 
been  thrown  across  the  river,  and  turns  water  into  a  race  a  few  hundred  feet  long.  A  small  power  is  used  here  for 
a  saw-mill  and  a  cider-mill. 

At  Southville  (Hawley's  Bridge)  there  still  remains  part  of  a  low  dam,  where  power  was  used  to  some  extent  a 
number  of  yeai-s  ago. 

At  Laneeville  (New  Milford  Falls),  about  26  miles  by  river  above  Birmingham,  a  fine  power  has  been  developed 
by  the  Bridgeport  Wood  Finishing  Company.  With  the  exception  of  a  short  piece  next  the  west  bank  the  dam  is 
entirely  a  natural  ledge  of  slaty  rock.  A  large  amount  of  rock  excavation  has  been  done,  both  for  the  wheels  and 
on  the  site  of  the  mill.  Operations  were  begun  in  the  summer  or  fall  of  1881,  and  in  the  succeeding  year  400  or 
500  pounds  of  dynamite  were  used  for  blasting.  The  wheel-pit  is  sunk  20  feet  into  solid  rock,  and  the  head-race 
is  cut  out  into  the  river  suf&ciently  to  thoroughly  divert  the  low- water  flow  to  the  wheels.  The  fall  obtained  is  12 
feet,  and  power  is  to  be  taken  from  two  turbines,  each  of  250  horse-power.  The  works  of  the  company,  hitherto 
maintained  at  Fort  Ann,  New  York,  are  to  be  removed  to  this  point.  Silica  is  conveniently  obtained  at  various 
localities  within  a  few  miles  of  the  mill,  and  will  there  be  ground  up  into  a  very  fine  powder  emi^loyed  in  giving  a 
line  finish  to  wood  and  for  other  purposes.    It  is  largely  used  by  the  Wheeler  &  Wilson  Sewing  Machine  Company. 

This  privilege  is  located  at  the  head  of  a  narrow  gorge,  through  which  the  stream  tumbles  down  with  rapid 
fall.  There  is  no  opportunity,  however,  for  utilizing  this  larger  descent  by  any  ordinary  means,  either  in  the  gorge 
or  for  some  distance  below ;  in  the  narrows  the  stream  is  entirely  out  of  reach,  and  upon  issuing  from  them  it 
immediately  spreads  out  into  a  wide  and  long  pool. 

Above  this  point  the  valley  assumes  an  entirely  new  appearance;  the  hills  recede  on  either  hand  and  inclose 
fine  level  meadows ;  the  stream  is  now  quite  free  from  shoals,  and  runs  smoothly  between  alluvial  banks  of  sandy 
loam. 

Between  the  falls  and  New  Milford  village,  and  about  a  mile  below  the  latter,  James  A.  Giddings,  jr.,  uses  150 


horsepower  for  a  grist-mill.     He  has  a  fall  of  7  leet,  which  he  states  can  be  increased  to  10  feet. 
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Estimate  of  power  at  Oiddings'  mill. 


Stage  of  river. 

Drainage 
area. 

Flow  per 

second, 

average 

for  the  24 

hours.   - 

Theoretical  horse-power. 

Effective 

horse- 
power util- 
ized. 

Low  water,  dry  year 

Sq.  miles. 
\      1, 068 

OuUcfeet. 
(         380 
J          480 
[          670 

1  foot  fall. 
43.2 
54.5 
76.1 

7  feet  fall. 
300 
380 
550 

10  feet  fall. 
430 
540 
760 

I          150 

Availahle  10  months,  average  year. . . 

•  At  Gaylordsville,  a  small  village  2J  miles  south  of  South  Kent,  rapids  extend  along  the  stream  for  600  or  800 
feet.  The  river  is  150  or  175  feet  wide;  the  bants  are  of  good  height,  and  on  the  west  side,  below  the  highway 
bridge,  there  is  a  convenient  flat  for  building.  The  privilege  seems  to  be  a  good  one,  and  was  formerly  used  by  a 
grist-  and  saw-mill.  ^ 

At  Bull's  Bridge,  about  2  miles  west  of  South  Kent,  there  is  a  large  undeveloped  power.  .It  is  not  upon  any 
railroad,  but  it  is  said  that  a  spur  of  2  or  3  miles,  to  connect  it  with  the  Housatonic  line,  could  be  built? without 
difiBculty.  There  is  a  collection  of  a  few  houses  near  by,  but  no  village  of  consequence.  The  falls  her©  werti 
probably  once  nearly  or  quite  continuous,  but  a  dam  formerly  in  use  sets  back  the  river  so  as  to  cause  slack-water 
for  a  little  distance,  and  divides  the  falls  into  what  may  be  called  the  upper  and  lower. 

At  the  head  of  the  lower  falls  is  the  old  dam,  a  log  structure,  now  broken  and  in  poor  condition.  Eapids 
extend  several  hundred  feet  down  stream,  and  the  pocket-level  indicates  a  fall  of  16  or  18  feet  from  the  crest  of  the 
dam  to  their  foot.  The  banks  are  steep  and  rocky  on  each  side.  Twelve  feet  fall  was  once  used  here  at  an  iron 
furnace  on  the  left  bank  a  couple  of  hundred  feet  below  the  dam.  Water  was  conveyed  in  a  wooden  flume  laid 
in  an  open  way,  inclosed  on  one  side  by  the  rocky  bank  and  on  the  other  by  a  dry-stone  wall:  both  flume  and  wall 
are  partly  in  ruins.    This  lower  privilege  is  said  to  be  owned  by  John  Bogart,  esq.,  of  Lee,  Massachusetts. 

The  upper  falls  are  but  a  short  distance  above  the  dam.  They  are  apparently  about  400  feet  in  length, 
with  a  descent,  as  shown  by  the  pocket-level,  of  say  22  feet.  At  an  ordinary  stage  the  river-bed  displays  a  great 
mass  of  granite,  down  which  the  stream  rushes  in  a  channel- way  perhaps  50  or  75  feet  wide,  though  from  one  high 
bank  to  the  other  the  width  is  much  greater.     Here,  as  at  the  lower  falls,  the  banks  are  steep  and  rocky. 

The  entire  fall  at  Bull's  Bridge  from  the  head  of  the  upper  falls  to  the  foot  of  the  lower  privilege  is  probably 
about  40  feet,  and  this  might  be  considerably  increased  artificially  by  a  dam  at  the  head.  The  site  for  such 
a  structure  is  good,  the  ledges  in  the  stream  almost  forming  a  natural  dam.  In  the  examinations  made  in  1878 
to  determine  the  practicability  of  drawing  upon  the  Housatonic  river  for  the  water-supply  of  New  Tork  city,  the 
privilege  at  Bull's  Bridge  was  considered  among  the  various  points  available  for  the  purpose ;  but  on  account 
of  the  expense  which  the  selection  of  this  site  would  involve  in  pumping  water  to  a  height  of  over  100  feet  in 
order  to  convey  it  over  into  the  Groton  valley,  it  was  rejected.  On  page  72  of  the  report  previously  mentioned  by 
title,  the  fall  available  at  Bull's  Bridge  is  referred  to  as  45  feet,  though  the  height  of  dam  necessary  to  give  that 
fall  is  not  stated.  The  entire  fall  here  might  be  combined  in  one  privilege  or  divided  into  two  powers.  In 
an.v  case  considerable  blasting  would  be  found  necessary  and  the  expense  of  improvement  would  be  large.  The 
adjoining  land  on  either  side  of  the  river  is  hilly,  but  offers  a  fair  location  for  mills  on  the  right  bank. 

Estimate  of  power  at  BulVs  Bridge. 


EAINFALL  ON  BASIN. 

Drainage 
area. 

Flow  per 

second, 

average 

for  the  24 

hours. 

Stage  of  river. 

Spring. 

Sum- 
mer. 

Au- 
tumn. 

Winter. 

Tear. 

Theoretical  horse-power. 

Inchen. 
■  lOi 

Inches. 
13J 

Inches. 
14J 

Inches. 
10 

Inches. 
48J 

Sq.  miles. 
[       (8  792 

Cubic  feet. 
r         280 
i          B60 
i          490 

IfootfaU. 
31.81 
39.76 
55.66 

12  feet  fall. 
360 
480 
670 

iO  feet  fall 
1,270 
1,590 
2,230 

iSfeetfall. 
1,430 
1,790 
2,500 

'zofeetfall. 
1,690 

1,090 

Available  10  months,  average  year  . . 

2,780 

a  Above  Ten-Mile  river. 

It  may  be  said  in  general  of  the  interval  between  New  Milford  and  Kent,  that  the  stream  has  a  gravelly  bed 
with  banks  usually  firm  and  of  good  height.  There  is  a  succession  of  sboals  and  long  stretches  of  smooth  water, 
and  numerous  sites  are  to  be  found  where  a  dam  could  be  built  to  good  advantage.  The  valley  is  of  moderate 
width,  and  is  succeeded  by  a  hilly  country  tolerably  well  wooded  with  a  young  growth.  The  larger  timber  has 
been  mainly  cut  away  to  supply  charcoal  to  the  iron  furnace.'^,  and  in  many  places  the  hills  are  quite  bare. 

About  half  a  mile  above  the  village  of  Kent  tbe  Kent  Iron  Company  bag  a  furnace  giving  employment  to  20 
men.    A  log  dam  resting  partly  upon  rock  and  partly  ui)on  ^lavel  crosses  tbe  river  in  an  irregular  line.     Water 
is  conveyed  200  or  300  feet  in  a  race  and  a  wooden  flume,  and  power  is  used  for  two  blowers,  a  pump,  and  a  4-run 
grist-mill ;  8  feet  fall  and  perhaps  90  Lorse-power  are  in  use,  with  surplus  water  at  all  times. 
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From  Kent  to  Coi-nwall  Bridge,  about  8  miles,  the  general  features  of  the  river  remain  substantially  unchauged. 
At  Swift's  Bridge  a  mile  or  more  below  Cornwall  Bridge,  power  was  formerly  used  for  over  20  years  by  a  grist- 
mill. The  dam  was  located  half  a  mile  up  stream  and  water  brought  down  the  right  bank  in  a  race,  which  remains 
in  good  condition,  except  that  it  is  overgrown  with  brush.  At  the  site  of  the  old  dam  the  river  is  200  feet  or  more 
in  width,  and  is  said  to  have  a  bed  of  solid  rock  most  of  the  way  across.  The  structure  was  built  of  logs  with 
stone  abutments,  but  has  entirely  gone  to  ruin,  only  a  few  logs  and  scattered  stones  remaining.  At  the  foot  of  the 
race  a  fall  of  12  or  15  feet  is  available.    The  privilege  is  owned  by  Mr.  Edward  Bierce,  of  Cornwall  Bridge. 


UsUmate  of  power  at  Swift's  Bridge. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  montlis,  average  year  . 


Drainage 
area. 

Flow  per 
secuud, 
average 

for  the  24 
hours. 

Theoretical  horse-power. 

Sq.  miles. 
I         735 

Cubic  feet. 
C         260 
I          330 
L          400 

1  foot  fall. 
29.6 
37.5 
62.3 

Ufeetfall. 
360 
460 
630 

ISfeetfaU. 
440 
660 
760 

Just  above  the  railroad  station  at  Cornwall  Bridge  another  privilege  was  formerly  occupied  by  a  grist-mill,  but 
all  signs  of  the  improvements  have  vanished.  There  is  a  good  site  for  a  dam,  with  rock  bottom  two-thirds  of  the 
way  across  and  gravel  the  remainder.  The  Housatonic  railroad  skirts  the  bank  a  short  distance  above  the  rapids, 
at  an  elevation  of  11  or  12  feet  from  low  water.  On  accouut  of  danger  of  flooding  the  tracks  in  high  water  it  would 
not  answer  to  build  a  dam  more  than  a  few  feet  high,  unless  it  were  given  an  unusually  long  overflow.  With  a 
dam  as  high  as  6  or  7  feet  and  a  race  300  feet  long,  from  10  to  12  feet  fall  could  be  made  available.  Mr.  Benjamin 
P.  Bierce,  of  Cornwall  Bridge,  owns  this  privilege,  including  right  of  flowage  and  right  of  way  for  a  canal  300  feet 
long.    The  power  is  a  good  one,  and  has  the  advantage  of  a  very  convenient  building-site. 

Estimate  of  power  at  Cornwall  Bridge. 


Stage  of  river. 

Drainage 
area. 

Flow  per 
second, 
average 

for  the  24 
hours. 

Theoretical  horse-power. 

Sq.  miles. 
i         724 

Cubic  feet. 
<         260 
I          320 
[          450 

IfootfaU. 
29.5 
36.4 
51.1 

lOfeetfaa. 
290 
360 
510 

12  feet  faU. 
350 
440 
610 

Available  10  nQonths,  average  year 

There  is  no  power  in  use  above  Cornwall  Bridge  until  we  reach  "West  Cornwall,  where  Messrs.  Mallinson  and 
Wood  own  13  feet  fall.  The  privilege  is  improved  by  a  log  crib-work  dam  filled  in  with  stone ;  the  dam  averages 
about  8  feet  in  height,  and  has  a  sloping  face,  with  an  apron  covered  with  3-inch  planking.  The  race  is  several 
hundred  feet  long,  from  12  to  14  feet  wide,  and  from  6  to  8  feet  deep.  Joseph  Mallinson  uses  power  for  the 
manufacture  of  shears  and  scissors  and  for  a  grist-mill,  and  rents  some  power  to  a  foundery.  He  has  a  60  horse- 
power wheel,  but  does  not  use  more  than  two-thirds  of  its  power. 

The  next  power  to  be  noticed  is  at  Falls  Village,  where  there  is  a  greater  concentrated  fall  than  is  to  be  found 
upon  any  other  stream  of  equal  size  tributary  to  Long  Island  sound.  The  Housatonic  there  falls  abruptly  over 
limestone  ledges,  and  has  a  total  descent  of  over  100  feet  in  a  short  distance.  A  little  way  above  the  head  of  the 
falls  the  HoiTsatonic  Railroad  Company  uses  about  180  horse-power  and  from  11  to  13  feet  fall  in  its  shops,  its 
privilege  being  improved  by  a  dam. 

The  main  privilege  embraces  a  fall,  as  nearly  as  could  be  ascertained,  of  95  feet,(a)  and  was  partially  developed 
about  the  year  1850  by  the  Falls  Village  Water  Power  Company.  From  the  head  of  the  falls  a  canal  was  carried 
approximately  half  a  mile,  with  a  width  of  35  feet  and  a  depth  of  6  or  8  feet.  It  runs  close  by  the  railroad  track, 
on  a  side-hill,  its  outer  bank  being  supported  by  a  fine  masonry  retaining- wall.  At  the  end  of  this  upper  level  is 
a  bulkhead,  through  which  water  may  escape  down  a  steeply-inclined  channel  paved  with  stone  and  cement  to 
the  second  or  middle  level,  which  is  perhaps  a  quarter  of  a  mile  long  and  of  the  same  cross-section  as  the  upper 
level.  From  the  second  canal  there  is  an  escape  to  the  third  level.  On  the  course  of  the  latter  was  designed, 
in  a  natural  depression,  a  large  reservoir,  from  at  least  two  points  of  which  water  was  to  be  carried  oft' in  canals 
for  use.  After  extending  these  canals  for  a  short  distance  from  the  reservoir,  work  ceased.  It  is  said  that  a 
stop  was  put  to  operations  by  dissensions  in  the  company,  and  a  magnificent  power  has  continued  to  remain  idle. 
It  certainly  seems  a  great  misfortune  that  private  disagreements  should  have  prevented  the  full  development  and 
use  of  so  fine  a  privilege.     It  would  be  an  easy  matter  to  divert  water  into  the  upper  level,  a  low  dam  running 


Sc-e  page  76,  Hejmrt  of  the  Veparliiient  of  rullw  B'oHs  of  New  York  City  for  the  qnarter  euding  June  30,  1879. 
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across  on  a  ledge  being  sufficient  for  the  purpose.  It  is  said  that  this  upper  canal  leaked  more  or  less  when  filled. 
It  appears  to  be  in  good  condition,  but  the  bulkheads  on  this  and  the  second  level  were  constructed  of  large  blocks 
of  stone  supported  by  timber,  and  would  need  to  be  rebuilt  for  use,  the  timber  having  decayed. 


Estimate  of  undeveloped  poiver  at  Falls  Village. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 


RAINFALL  ON  BASIK. 


Spring.    Summer.   Autumn.  1  Winter. 


Inchei. 

lOJ 


Itiches. 
13i 


Inches,   i    Inches. 

I 

14i  I  10 


Year. 


Drainage 
area. ' 


.  miles. 
644 


Flow  per 
second, 
average 

for  the  24 
hours. 


Cubicfeet 
250 
310 
420 


Theoretical  horse- 
power. 


1  foot  fall. 
28.40 
35. 22 

47.71 


95feetfaU. 
2,70« 
3,35< 
4,530 


Above  Falls  Village  the  stream  becomes  more  fiat,  and  continues  so  through  the  town  of  Sheffield,  hi 
Massachusetts.  At  Great  Barrington  we  strike  upo  i  the  principal  manufacturing  portion  of  the  Housatouic 
valley,  and  thence  to  the  extreme  head-waters  there  is  a  quick  succession  of  busy  little  villages,  the  most  important 
productions  in  which  are  paper  and  woolen  goods.  On  the  east  branch,  in  the  town  of  Dalton,  George  T.  Tlunkett, 
esq.,  of  Hinsdale,  owns  100  feet  of  unimproved  fall ;  but  on  the  main  river  between  Falls  Village  and  Pittsfleld  only 
one  available  unoccupied  fall  was  reported,  though  it  is  possible  there  is  some  other  fall  entirely  unimproved. 
The  privilege  referred  to  is  owned  by  Captain  Seeley,  of  Housatonic,  and  is  the  one  formerly  occupied  by  the 
Stockbridge  Iron  Works.    The  available  head  is  23  feet,  the  power  corresponding  to  which  may  be  estimated  as 

follows : 

Estimate  of  power  at  the  Stoclcbridge  Iron  Works  privilege. 


stage  of  river. 


RAINFALL  ON  BASIN. 


Spring.     Summer.   Autumn.    Winter.        Year. 


Drainage 

area. 


Flow  per 
second, 
average 

for  the  24 
hours. 


Theoretical  horse- 
power. 


Low  water,  dry  year 

Low  water,  average  year.- 

Available  10  months,  average  year 


Inches. 
12 


Inches. 
14 


Inches. 
16 


Inches. 
10 


Inches, 
52 


Sq.  Tniles. 
284 


Cubicfeet 
130 
160 
210 


1  footfall. 
14.8 
18.2 
23.9 


2Z  feet  fall. 
340 
420 

550 


In  the  following  table  are  given  a  list  of  the  principal  water-privileges  on  the  Housatonic  river  below  Pittsfleld, 
and  a  summarj'  of  power  available  at  the  various  unimproved  falls,  so  far  as  could  be  learned  of  them.  It  is  not 
to  be  supposed  that  all  the  available  fall  is  here  accounted  for.  But  few  reliable  elevations  on  the  river  could  be 
obtained  from  which  to  determine  the  intervening  fall,  and  there  are  some  portions  of  its  course  in  which  the 
descent  is  comparatively  uniform,  and  where  the  head  to  be  obtained  is  mainly  determined  by  the  height  of  dam. 
In  some  such  cases  estimates  of  power  are  given  corresponding  to  one  foot  of  fall: 


Principal  water-privileges  on  the  Housatonic  river  below  Pittsfleld. 


Drainage 
area. 

Firm. 

Manufacture. 

Fall. 

ESTIMATED  THEORETICAL  H0K8E-P0WEK.  (a) 

Locality. 

Low  water, 
dry  year. 

Low  water, 
average  year. 

Available  10 

months, 
average  year. 

Remarks. 

Square  mites. 

Smith  Paper  Company 
do 

Paper 

Feet. 

10 
10 
12 
15 
10 
9 

19 

23 
20 

10 

The  various  privileges  owned 
by  the  Smith  Paper  Company 
are  improved  by  wooden  dams 
built  at  various  times  in  the 
past  sixty  years,  and  ranging 
from  say  125  to  150  feet  in 
length  and  from  4  to  15  feet  in 
height.    Iheaggregatehorse- 

Do 

....do  

do 

...do  

Do 

do....   , 

...  do 

Do    

do 

...do  

Do      

do 

power  of  wheels  at  all  the 
privileges  was  stated  In  1880 
to  be  about  1,480. 

Stone  dam,  built  in  1873,   cost 
$8,000 1  from  300  to  400  horse- 
power of  water  u.scd. 

Formerly  occniped  by  the  Stock- 
bridge  Iron  Works". 

Use   200   hnr,se-power,   and  Cfuj 
run  at  foil  capacity  throughout 
the  year.    Have  large  surplnB 
power. 

300  horse-power  used. 

Hurlbut  Paper  Com- 
pany. 

Privilege   owned   by 
Captain    Seeley,  of 
Housatonic. 

Chapin  &  Callender. . . 
Adams  Mill  

...  do  

Unoccupied 

Paper  (!) 

284 

340 

420 

•     650 

Do 

Woolen  goods 

, 

316 


o  Based  upon  average  flow  for  the  24  hours. 


thp:  region  tributary  to  long  island  sound. 
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Principal  icater -privileges  on  the  Mousatonio  river  below  Pittsjield — Continued. 


Locality. 


Drainage 
area. 


Finn. 


Honsatonio  . 


Do 

Do 

Great  Barrington  . 


Falls  Village. 
Do 


West  Cornwall  . 


Cornwall  Bridge . 
Swift's  Bridge  - .. 


Kent 

bull's  Bridge  . 

Gaylordsville  . 


One  mile  below  New 
Milford. 

Lanesville  (New  Mil- 
ford  Falls). 

Southville 

Little  York 


Bennett's  Bridge  to 
Birmingham. 

BiiTningham 


Square  milee. 


724 
735 


1,202 
1,371 

1,496-1,562 


Monument  Mills. 


-do  . 


Owen  Paper  Company 

Berkshire  Woolen 
Company. 

Honsatonio  Railroad 
Company. 

Privilege  partially  de- 
veloped by  Falls  Vil- 
lage Water  Power 
Company. 

Jos.  Mallinaon 


Privilege  owned  by 
Benjamin  F.  Bierce. 

Privilege  owned  by 
Edward  Bierce,  of 
Cornwall  Bridge. 

Sent  Iron  Company  . . 


Said  to  be  owned  in 
part  by  John  Bogart, 
of  Lee,  Massachn- 
setts. 

Privilege  owned  by 
various  parties. 


Manufacture. 


J.  A.  Giddings,  jr. 


Bridgeport  Wood  Fin- 
ishing Company. 


Power  owned  by  Ousa- 
tonio  Water  Com- 
pany. 


Cotton  goods. 


do. 


Paper 

Woolen  goods. 

Power    used 
shops. 

■Unoccupied  - . . 


at 


Shears  and  scis- 
sors. Power  also 
used  for  grist- 
millandfoundery. 

Unimproved . . . 


do. 


Power  used  forfui'- 
nace  and  grist- 
mill. 

Unimproved 


...do. 


Power    used    for 

grist-mill. 


Grinds  silica. 


Unimproved 

Small  power  used 
for  saw-mill  and 
cider-mill. 

Unimproved 


See  description. 


ESTIMATED  THEOBBTICAL  HORSE-POWER,  (a) 


Fall. 


Feet. 
16 

8-10 
15 
11 

11-13 

95 

13 

10-12 
12-15 

8 

40-50 


12 


Low  water, 
dry  year. 


Low  water, 
average  year, 


2,700 


290-350 
350-440 


1,270-1,590 


300-430 


22 


!>48.8 
664.6 


i>60 


1,375 


Available  10 

months, 
average  year 


3,350 


360-440 
450-660 


1,690-1,990 

490 
880-540 


i>69.2 
6  68. 2 


675 


1,725 


4,530 


610-610 
630-780 


2,230-2,780 


530-760 


Bemarks. 


685.2 
696.6 


2,400 


176  horse-power  used.  Old  dam 
built  in  1760,  144  feet  long,  16 
feet  high. 

88  horse-power  used. 

80  horse-power  used. 

250  horse-power  of  wheels  in  1880. 

180  horse-power  of  wheels  in  1880. 

A  spleudid  power. 

Not  over  40  horse-power  used. 


Good  building-site  in  village 
close  by  railroad. 

Formerly  used  for  twenty  years 
by  grist-mill.  Good  site  for 
dam.    Old  race  remains. 

Perhaps  90  horse.power  in  use. 


Fine  privilege;  12  feet  fall  for- 
merly used  by  iron  works. 


10  feet  fall  said  to  be  available. 
Dam  would  need  to  be  230  feet 
long. 

Owner  would  sell  at  satisfactory 
price.  About  150  horse-power 
used. 

Power  recently  developed.  500 
horse-power  to  be  used. 

Power  formerly  used. 

Small  settlement. 


Estimated  that  two  good  powers 
can  be  developed  with  from  15 
to  20  feet  fall  each. 

Located  at  tide-water. 


a  Based  upon  average  flow  for  the  24  honrs. 


6  Per  foot  fall. 


TEIBUTAEIES  OF  THE  HOTTSATONIC  EIVEE. 


THE  NATJGATXJCK  RIVER. 

This  is  the  largest  tributary  of  the  Housatonic,  and  has  a  drainage  area  of  313  square  miles.  It  heads  in  the 
towns  of  Goshen  and  Korfolk,  Litchfield  county,  Connecticut,  runs  southerly  and  joins  the  main  river  on  the  east 
side  at  Birmingham,  having  a  length  by  general  course  of  about  35  miles.  It  is  followed  closely  from  the  mouth  to 
Wolcottville,  well  up  toward  the  head-waters,  by  the  I^augatuck  railroad,  and  is  crossed  at  Waterbury  by  the 
main  line  of  the  l^ew  York  and  New  England  railroad.  Prom  the  best  information  to  be  obtained  the  fall  from 
Waterbury  to  mean  tide  at  Birmingham,  a  distance  of  about  18  miles  by  river,  appears  to  be  something  over  230 
feet,  (a)  or  an  average  of  about  13  feet  per  mile. 

The  Kaugatuck  was  examined  from  the  mouth  to  Waterbury.  It  can  have  but  moderate  value  for  power  above 
that  point;  in  fact,  it  is  there  joined  by  Mad  river,  which  is  regarded  as  more  important  than  the  main  stream 
above  their  junction,  although  its  drainage  area  is  much  smaller.  This  probable  disparity  in  value  is  due  to  the 
two  facts  that  Mad  river  has  a  more  rapid  fall  than  the  Kaugatuck  and  that  it  is  better  sustained  in  the  dry 
season.  Both  streams  are  moderately  supplied  with  storage  reservoirs.  The  former  has  three  principal  reservoirs 
controlled  by  the  Mad  Eiver  Water  Power  Company:  Lily  Brook  reservoir,  of  112  acres;  Chestnut  Hill  reservoir, 
80  acres,  and  Cedar  Swamp  reservoir,  80  acres.  On  the  upper  waters  of  the  Naugatuck  are  North  pond,  in  Goshen, 
said  to  contain  from  300  to  350  acres,  from  which  about  6  feet  can  be  drawn,  and  Park  pond,  in  Winchester,  of  60 
acres 


from  which  an  average  of  10  feet  can  be  drawn.    The  subject  of  further  reservoiring  the  stream  has  been 


a  Mr.  W.  G.  Smith,  formerly  resident  engineer  of  the  New  York  and  New  England  railroad,  gives  the  elevation  of  the  Naugatuck 
river  at  Waterbury  as  242  feet  above  low  water  in  Boston  harbor. 
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discussed,  but  no  action  has  yet  been  taken.  It  is  said  that  there  are  no  natural  ponds  or  marshes  of  large  size 
which  could  be  improved  for  storage,  and  it  is  the  opinion  of  prominent  manufacturers  that  the  expense  of  reservoirs 
under  the  circumstances  would  be  out  of  proportion  to  the  benefits  to  be  derived. 

Throughout  the  section  examined  the  river  has  a  gravelly  bed,  over  which  it  runs  in  shoals  and  rapids,  except 
where  interrupted  by  slack-water  from  the  dams.  The  valley  is  narrow  and  inclosed  by  high  hills,  which  are  in 
many  places  rocky,  steep,  and  even  precipitous.  So  far  as  was  noticed  one  bank  or  the  other  of  the  stream  is  usually 
low.  The  character  of  the  country  drained  is  such  that  the  river  is  rapid  in  rise  and  fall  and  its  freshets  are  heavy. 
At  Seymour  it  is  said  to  continue  rising  about  6  hours  after  a  rain  has  ceased,  and  then  to  begin  receding.  In  the 
heavy  storm  of  September,  1882,  it  rose  at  the  rate  of  about  a  foot  an  hour,  and  fell  away  again  with  nearly  the 
same  rapidity. 

The  dams  on  the  Naugatuck  are  nearly  all  low  structures,  the  falls  in  use  being  largely  gained  by  long  races; 
they  are  mostly  old,  and  no  other  explanation  of  their  having  been  built  low  was  received  than  that  the  river  is  one 
requiring  strong  works,  and  high  dams  would  have  been  more  expensive.  It  would  appear  also  that,  from  the 
common  occurrence  of  a  low  bank  for  some  distance  back  on  one  side  or  the  other,  higher  dams  would  also  have  to 
be  considerably  longer  than  the  present  ones,  and  would  be  more  costly  on  that  account.  The  powers  on  this  river 
were  generally  developed  years  ago,  when  the  concerns  using  them  were  small;  the  latter  have  increased  greatly  it 
size,  have  in  many  cases  outgrown  the  stream,  and  have  been  obliged  to  add  steam-power.  The  use  of  long  races 
increases  the  danger  of  trouble  from  ice,  and  it  was  said  by  an  engineer  well  acquainted  with  the  river,  that  they 
are  in  many  instances  too  small  to  carry  the  required  volume  of  water,  so  that  when  the  wheels  are  being  run  at 
full  capacity  they  are  liable  to  be  drawn  down  and  the  working  head  becomes  reduced. 

The  first  water-privilege  above  the  mouth  of  the  river  is  owned  by  the  Birmingham  Water  Power  Company. 
The  dam  is  a  rough  timber  structure,  7  feet  high  and  perhaps  300  feet  long.  It  extends  in  two  rather  irregular 
sections  from  either  shore  to  an  island  in  the  center  of  the  river.  The  only  abutments  are  piles  of  loose  bowlderSj 
From  the  foot  of  the  dam  extends  an  apron  of  short  lengths  of  logs,  below  which  the  river-bed  is  still  further 
protected  by  a  mass  of  loose  stone.  The  dam  is  located  in  the  lower  part  of  the  borough  of  Ansonia.  Two  races, 
soon  uniting  in  a  single  line,  convey  water  a  little  over  a  mile  down  the  west  bank  to  Birmingham,  where  power 
is  used  by  the  following  principal  concerns  : 

The  Sterling  Organ  Company,  manufacturer  of  cabinet  organs;  the  Birmingham  Bit  Company;  the  Birmingham 
Iron  Foundery;  the  Peck,  Stowe,  &  Wilcox  Company,  rolling-mill  and  bolts;  the  Howe  Pin  Company;  Summers 
&  Lewis,  furniture;  H.  S.  Sawyer,  feed-mill;  E.  M.  Bassett,  corset  supplies;  H,  &  C.  B.  Ailing,  woolen-mill. 

The  fall  at  the  mills  is  about  12  feet,  subject  to  some  fluctuation  from  tide- water,  which  sets  up  to  this  privilege. 
The  permanent  flow  of  the  river  is  assumed  at  20  square  feet,  which  is  all  leased,  as  well  as  20  square  feet  of  surplus 
water.  According  to  the  census  enumerators'  returns,  the  aggregate  horse-power  of  wheels  employed  on  the 
privilege  in  1880  was  590.  Water  is  regarded  here  as  the  principal  power,  although  resort  is  made  to  steam  for 
additional  power  in  low  water.  The  amount,  20  square  feet,  assumed  as  the  permanent  flow  of  the  stream  is  said 
to  be  somewhat  above  the  real  low-water  volume,  and  for  from  one  to  three  weeks  in  the  year  is  not  realized. 

The  square  foot,  to  which  reference  has  been  made,  and  the  method  of  measuring  it,  are  thus  defined  in  the 
leases : 

And  the  Birmingliam  standard  square  foot  of  water  hereby  leased  shall  consist  of  144  square  inches  of  aperture,  and  such  aperture 
shall  be  of  a  parallelogram  form,  and  situated  in  the  tail-race  conducting  the  water  herein  granted  from  the  water-wheel  where  used, 
and  the  water  drawn  through  said  aperture  under  a  head  of  12  inches  from  the  surface  of  the  water  to  .a  line  supposed  to  be  drawn 
longitudinally  through  the  middle  of  said  aperture  shall  constitute  the  Birmingham  standard  square  foot  of  water. 

And  the  said  one  Birmingham  standard  square  foot  of  surplus  water  hereby  leased  and  the  water  drawn  and  used  from  said  reservoir 

and  canal  by  said ,  party  of  the  second  part,  under  other  deeds  or  leases  shall  be  measured  in  the  manner  following ;  to  wit,  a  flume 

or  trough  shall  be  constructed  in  the  tail-race  through  which  the  water  used  by  said ,  party  of  the  second  part,  shall  be  discharged, 

equal  in  width  to  the  number  of  square  feet  of  water  that  the  said or  his  assigns  is  or  shall  be  entitled  to  draw  from  said  reservoir 

or  canal  under  a  head  of  one  foot,  with  vertical  plank  sides  at  least  18  inches  in  height  and  a  smooth  plank  bottom,  inclined  in  the 
direction  of  the  descent  of  the  tail-race  at  the  rate  of  1  inch  in  6  feet.  That  at  a  point  18  inches  up  stream  from  the  lower  end  of  said 
flume,  a  square-edged  plank  6  Inches  in  width  shall  be  placed  vertically  at  right  angles  to  the  side  of  said  flume  and  1  foot  above  the 
bottom,  forming  thereby  beneath  the  plank  an  aperture  of  a  parallelogram  form  one  foot  in  height  by  the  width  of  the  flume,  or  the 

length  required  under  the  head  of  12  inches  to  measure  the  number  of  Birmingham  standard  square  feet  of  water  which  said is  or 

shall  be  entitled  to  draw  and  use;  the  flume  to  extend  up  stream  beyoud  the  cross-plank  a  distance  equal  at  least  to  once  and  one-half  the 
width  of  the  flume,  and  whenever  the  water  discharged  through  the  tail  race  shall  fill  the  aperture  beneath  the  plank  and  the  surface 
of  the  water  shall  be  level  with  the  top  of  the  cross-plank,  the  water  having  a  free  flow  from  the  end  of  the  flume,  then  the  quantity 
discharged  will  be  the  quantity  that  said or  assigns  is  or  shall  be  entitled  to  draw. 

Directions  are  then  given  in  the  leases  for  measuring  fractional  parts  of  the  amount  the  lessee  is  entitled  to 
draw;  and  for  measuring  the  flow  in  the  tail-race  by  another  method. 

The  next  use  of  power  is  at  Ansonia,  a  borough  of  3,900  inhabitants.  The  privilege  is  owned  by  the  Ansonia 
Land  &  Water  Power  Company.  The  dam  is  above  the  village,  and  is  built  diagonally  across  the  river  in  a 
somewhat  irregular  line  between  abutments  of  rubble  masonry.  It  is  a  timber  structure,  with  a  sloping  face 
planked  and  having  projecting  ribs.    The  bulkhead  is  of  timber  with  masonry  side  walls,  between  which  the  width 

is  about  20  feet.    The  canal  runs  down  the  east  bank  of  the  river  to  the  village,  where  the  mills  are  located;  it  is 
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some  2  miles  long,  varies  from  60  to  100  feet  in  width  most  of  the  way,  and  from  5  to  7  feet  in  depth.  In  part  of 
its  course  it  widens  out  so  that  with  the  pondage  above  the  dam  there  is  an  aggregate  reservoir  surface  of  probably 
80  acres  or  more. 

The  entire  " head  and  fall"  on  this  privilege  is  about  33  feet.  Water  is  drawn  from  the  canal  in  flumes  under 
a  full  head  of  30  inches,  a  square  foot  of  water  under  that  head  constituting  the  standard  square  foot  here,  and  being 
estimated  to  produce  30  theoretical  horse-power.  The  privilege  is  assumed  to  yield  20  square  feet  of  permanent 
water  and  30  of  surplus.  Permanent  water  is  considered  to  be  worth  $600  per  annum  per  square  foot,  and  surplus 
water  from  $250  to  $500  per  annum  per  square  loot.  The  leases  are  said  to  be  loosely  drawn  so  far  as  regards  defining 
tbe  amount  of  water  that  may  be  used,  and  accurate^  measurements  arc  not  attempted.  The.  brass  companies  are 
the  principal  owners  in  the  water-power  company,  and  are  said  practically  to  manage  the  water  as  they  please. 
It  is  even  reported  that  one  company  has  extended  its  flume  out  under  and  then  up  into  the  bottom  of  the  canal. 

The  ordinary  power  of  the  privilege  is  fully  in  use ;  in  fact,  most  of  the  concerns,  being  of  large  size,  use  steam 
as  well  as  water,  the  former  being  probably  the  more  important  source  of  power  here.  By  the  enumerators'  returns 
a  total  of  1,600  horse-power  of  wheels  was  in  use  in  1880.  All  the  permanent  water,  and  two-thirds  of  the  surplus) 
have  been  leased,  as  follows : 

Lessees  of  water  at  Ansonia. 


Company. 

Permanent 
■water. 

Surplus 
water. 

Eemarks. 

Square  feet. 
13 

3 
2 
1 
1 

Square  feet 
10 

3 

2} 

2 

2 

1 
1 

copper  wire,  etc. 
Use  more  steam-  than  water-power.    Manufacture  sheet  hrass  and  brass  goods. 
Uses  both  steam  and  water.    Manufactures  sheet  brass  and  brass  goods. 

-Tlifi  Ofihnm  Ar,  Phfipsman  r,nmpa.Tiy                 ,     ,    . 

The  FarrcU  Foundery  &  Machine  Company 

The  Slade  "Woolen  Company 

Usee  both  steam  and  water.    Very  extensive  works. 
Not  in  operation. 
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At  Seymour,  the  next  manufacturing  point,  about  3  miles  above  Ansonia,  there  are  two  water-privileges  on  the 
Naugatuck.  The  lower  is  considered  equal  to  about  20  square  feet  of  permanent  water,  and  is  owned  by  the 
following  concerns : 

The  J.  H.  Tingue  Manufacturing  Company,  plush  goods,  1  square  foot;  Carlos  French,  springs,  2  square  feet; 
the  United  States  Pin  Company,  2  square  feet;  the  Humphreysville  Manufacturing  Company,  augers  and  bits,  3 
square  fet-t ;  the  New  Haven  Copper  Company,  12J  square  feet. 

The  fall  on  the  privilege  is  18  feet.  Suflicient  water  is  obtained  for  the  supply  of  the  mills  nine  months  in  the 
year,  but  the  stream  runs  very  low  in  summer.  No  attempt  is  made  to  measure  the  water  used  For  this  power 
a  great  outcropping  ledge  forms  a  natural  dam  stretching  half-way  across  the  river.  The  rest  of  the  way  the  dam 
is  artificinl,  and  is  built  of  stone  upon  a  rock  foundation.  This  portion  is  about  175  feet  long,  and  contains  three 
arched  openings  with  gates  for  drawing  down  the  pond.  A  timber  bulkhead  admits  water  to  a  short  race  leading 
to  the  various  mills. 

'I'he  upper  privilege  is  owned  by  the  Rimmon  Water  Company  and  embraces  1 8  feet  fall.  The  flow  of  the  stream 
is  nominally  divided  into  twelfths  and  is  sold  at  such  prices  as  may  be  agreed  upon,  there  being  no  fixed  rate. 
All  the  permanent  power  has  been  disposed  of.  The  dam  is  in  two  straight  sections  forming  something  more  than 
a  right  angle,  one  section  having  a  sloping  face  and  the  other  a  vertical  one.  It  is  a  flue  structure  of  stone,  and 
is  supplemented  by  an  embankment,  giving  a  total  length  of  perhaps  1,250  feet,  including  the  250  feet  of  roll-way. 
The  abutments  are  of  rubble  masonry,  and  rise  8  feet. above  the  crest  of  the  dam.  Above  the  latter  is  a  pondage  of 
about  115  acres.  A  small  race  leads  down  the  east  bank  to  W.  W.  Smith's  manila  paper-mill,  where  14  feet  liead 
and  90  horse-power  are  in  use.  In  dry  seasons  this  mill  is  short  of  water  from  six  weeks  to  three  months.  The 
main  race  is  on  the  west  side  of  the  river,  and  supplies  the  Seymour  Manufacturing  Company,  manufacturer  of 
brass  and  German  silver  and  lessee  of  one-half  the  flow  of  the  stream ;  also  the  Fowler  Nail  Company,  manufacturer 
of  horseshoe  nails  and  lessee  of  one  quarter  the  flow.  In  the  summer  of  1881  these  concerns  were  somewhat  short 
of  water  for  abOut  two  weeks,  but  have  not  been  troubled  in  that  way  at  any  other  time.  In  1880  a  total  of  about 
700  horse-power  of  water-wheels  was  in  use  at  the  two  privileges  here  described. 

At  Beacon  Falls  the  Home  Woolen  Company  has  been  in  operation  about  two  jears;  it  runs  18  sets  of  cards 
and  employs  275  hands  in  the  manufacture  of  fancy  cassimeres.  The  dam  is  a  low  sfructure,  presenting  an  angle 
up  stream,  and  abutting  against  masonry  at  the  east  end  and  a  natural  ledge  at  the  west.  A  long  race  leads 
perhaps  half  a  mile  down  to  the  mill,  where  the  fall  is  22  feet.  Since  starting,  the  mill  has  always  had  sufficient 
water  for  running  at  full  capacity. 

Between  Beacon  Falls  and  the  mouth  of  Beacon  Bill  brook,  a  distance  of  about  a  mile  and  a  half,  the  valley 
of  the  Naugatuck  is  much  of  the  way  very  narrow,  being  shut  in  by  high  hills  with  rocky  precii)itous  slopes. 
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The  fall  is  rapid  over  a  gravelly  bed.  The  railroad  follows  the  west  bank,  and  would  probably  be  in  danger  of 
overflow  if  a  high  dam  were  built.  Above  Beacon  Hill  brook  the  valley  is  more  open  again,  though  its  width  is 
nowhere  great.  In  the  3  miles  between  Beacon  Falls  and  I^Taugatnck  village  it  is  probable  that  two  fair  powers 
might  be  developed. 

The  lower  privilege  at  Naugatuck  is  owned  by  Lauren  Ward,  and  occupied  by  L.  &  W.  Ward  in  the  manufacture 
of  various  small  brass  goods.  The  establishment  is  small,  and  but  little  power  is  used — as  estimated,  not  Over  one- 
quarter  the  amount  available.  A  low  wooden  dam,  180  or  190  feet  long  and  18  or  20  inches  high,  diverts  water  into  a 
race  leading  to  the  shop,  where  it  is  used  on  an  old-fashioned  scroll- wheel  running  under  a  head  of  5  feet. 

It  is  said  that  a  survey  has  shown  the  fall  from  the  top  of  Ward's  dam  down  to  the  tnouth  of  Beacon  Hill 
brook  to  be  16  feet,  the  power  corresponding  to  which  is  estimated  as  below : 

Estimated  power  between  Naugatnck  and  Beacon  Hill  brooJe. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year  . 


nAINFALL  ON  BABIH. 


Spring.    Summer.  Aatmnn.    Winter.        Year. 


Inches. 
lOi 


Inches. 
13J 


Inches. 
12 


Inches. 
10 


Inches. 
46 


Drainage 
area. 


Sq.  miles. 
240 


Flow  per 
second, 
average 

for  the  24 
Wars. 


OvMe  feet. 
70 
90 
180 


Theoretical  horse-power. 


Ifootfan. 

8.0 

10.2 

20.4 


ia)  5 feet  fail. 
40 
SO 
100 


lefeetfaU. 
130 
160 
330 


a  A  few  horse-power  already  in  use  under  this  fall,  as  noticed  above. 

The  upper  i)rivilege  at  l^augatuck  is  improved  by  a  log  dam  5  or  G  feet  high,  from  which  a  race  from  one-third  to 
one-half  of  a  mile  in  length  runs  to  the  mills.  The  Goodyear's  Eubber  Manufacturing  Company  and  the  Goodyear's 
India  Eubber  Glove  Manufacturing  Company,  practically  one  concern,  have  12  feet  fall  and  own  5  square  feet  of 
permanent  water,  the  whole  privilege  being  reckoned  at  9  square  feet;  they  also  own  all  the  surplus  water.  These 
concerns  run  two  water-wheels,  one  of  80  and  one  of  40  horse-power,  and  have  sufficient  water  for  them  about  8 
months  in  the  year.  The  remaining  4  square  feet  of  permanent  water  is  owned  by  the  Tuttle  Manufacturing 
Company,  manufacturer  mainly  of  hoes,  rakes,  and  forks. 

Between  Naugatuck  and  Piatt's  mills  there  is  some  fall  unimproved,  probably  enough  at  least  for  one  good 
privilege. 

Two-thirds  of  the  next  privilege  is  owned  by  the  Piatt  Mills  Company  and  the  power  used  for  a  grist-miU;  and 
one  third  by  Piatt  Brothers  &  Co.,  manufacturers  of  buttons.  A  timber  dam  with  a  stone  apron  runs  in  an  irregular 
line  across  the  stream,  and  a  long  race  leads  thence  to  the  mills,  where  there  is  a  fall  of  17  feet. 

Between  Piatt's  niills  and  Waterbury  there  is  one  unimproved  privilege  (available  fall  said  to  be  14  feet), 
owned  by  the  heirs  of  the  late  Merritt  Nichols. 


Estimate  of  power  at  the  Nichols  privilege. 


stage  of  river. 

Drainage 

area. 

riow  per 

second, 

average 

for  the  24 

hours. 

Theoretical  horse- 
power. 

Sq.  miles. 
[          212 

Cubic  feet. 
(           60 
•|            80 
I          160 

1  foot  fall. 
6.8 
9.1 

18.2 

Ufeetfall. 
100 
130 
250 

Low  water,  average  year 

Available  10  months,  average  year. . . 

The  next  power  is  the  lower  one  at  Waterbury.  It  is  situated  above  the  mouth  of  Mad  river,  and  is  occupied 
by  the  extensive  brass,  German-silver,  and  copper  rolling-  and  wire-mills  of  the  Benedict  &  Burnham  Manufacturing 
Company.    This  concern  uses  8  feet  fall  and  a  40  horse-power  wheel,  for  which  there  is  always  water  enough. 

The  upper  privilege  at  Waterbury  is  occupied  by  the  Waterbury  Brass  Company,  manufacturers  of  brass, 
gilding-metal,  copper,  and  German  silver.  Water-power  is  here  used  from  both  the  Naugatuck.and  Mad  rivers, 
and  steam-power  in  addition.  The  dam  on  the  Naugatuck  is  of  crib-work  filled  with  stone,  150  feet'long  and  5  feet 
high.  Water  is  brought  to  the  mill  a  mile  and  a  half  in  a  race,  which  enlarges  at  points  so  as  to  give  in  the 
aggregate  considerable  pondage.  A  fall  of  16  feet  is  obtained,  and  power  is  taken  from  a  50  horse-power  turbine  and 
a  125  horse-power  breast-wheel.  Both  wheels  can  be  run  for  not  over  six  months  in  the  year,  but  there  is  always 
water  enough  for  the  turbine  alone. 

The  principal  powers  above  on  the  Naugatuck,  so  far  as  could  be  learned,  are  at  Thomaston  and  Wolcottville. 
At  the  former  point  the  Seth  Thomas  Clock  Company  has  large  works.  At  Wolcottville  the  Coe  Brass  Company 
has  27  feet  fall  and  150  horsepower.  The  dam  at  this  privilege  was  built  in  1866  and  cost  about  $18,000:  it  is 
constructed  of  timber  and  stone  and  is  96  feet  long  and  18  feet  high. 
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Mad  river,  the  most  iinijortant  tributary  of  the  Naugatuck,  furnishes  several  valuable  powers  in  the  city  of 
Waterbury,  -with  large  falls  ranging  from  28  to  42  feet.  The  principal  users  of  power  in  1880  were  the  Waterbury 
Brass  Company,  Sogers  &  Brother  (cutlery),  the  Scoville  Manufacturing  Company,  the  American  Suspender 
Company,  and  the  Benedict  &  Burnham  Manufacturing  Company.  The  Scoville  Company  has  42  feet  fall  and  250 
horse-power.  The  company  estimates  that  the  full  amount  can  be  realized  four  months  in  the  year,  one-half 
capacity  for  an  additional  four  months,  and  for  the  remaining  four  months  only  about  one-quarter  capacity. 

THE  SHEPAUG  RIVER. 

This  stream  rises  in  the  town  of  Goshen,  Litchfield  county,  Connecticut,  flows  southerly  through  the  county, 
and  in  the  western  part  of  the  town  of  Southbury  unites  with  the  Housatonic.  Its  drainage  basiu  includes  153 
square  miles.  In  the  town  of  Washingtou  there  is  received,  from  the  east,  Bantam  river,  a  short  stream  headiug  in 
Bantam  lake,  which  contains  1,000  or  1,200  acres.  The  Shepaug  railroad  runs  up  the  valley  of  the  main  stream 
from  its  mouth,  and  then  follows  up  Bantam  river  and  passes  on  to  Litchfield.  The  Shepaug  river  runs  over  a 
gravelly  bed  and  between  banks  of  moderate  height.  The  fall  is  rapid  both  in  this  stream  and  in  the  Bantam 
river,  but  the  supply  of  water  seems  to  be  small  in  the  dry  season,  and  the  only  use  of  power  is  by  a  few  saw-  and 
grist-mills  and  one  or  two  shops. 

€'able  showing  the  fall  in  the  Bantam  and  Shepaug  rivers. 


Locality. 

Distance 

from 
mouth. 

Elevation 
above 
tide. 

Fall 
between 
points. 

Distance 
between 
points. 

Fall  per 

mile 
between 
points. 

Kemarks. 

Miles. 
254 

16 

6J 

0 

Feet. 
883 

482 

310 

105 

Feet. 

1          401 

172 
205 

Miles. 

25i 

J 

Feet. 
30.5 

■  The  elevations  here  given 
are    furnished  by   Mr. 
E.  B.  McNeill,  civil  en- 
gineer,   of    Litchfield. 
He  also  states  that  at 
Bantam  there  is  a  fall  of 
108  feet  in  3,500  feet. 

Roxbury 

Mouth  of  Shepaug  

Table  of  power  utilized  on  the  Housatonic  river  and  tributaries. 


stream. 


Tributary  to  what 


state. 


County. 


Kind  of  mill  or  manu* 
facture. 


o 
^= 

■s 


S  9 


Bemarks. 


Housatonic  river  . 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do., 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Do. 
Do. 
Do., 


liOnglslandsound 

...do , 

...do 

...do 

...do 

...do , 

...do , 

,..  do , 

...do  

...do  


..do. 
..do. 
..do. 
..do  . 
..do. 
..do  . 
..do. 
..do 
..do 
..do  . 
..do  . 
..do. 
.  do  . 
.do  . 
.do  . 
.do  . 

.do. 
.do. 
.do- 


Connecticut  ... 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do ;.. 

...do 
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.  do  . 
-  do. 
.  do 
-21 


Fairfield . 
...do  .... 
...do.... 
...do  .... 
..  do...- 
...do  .... 
...do  .... 
...do  .... 
...do  .... 
...do.... 


...do 

...do 

...do 

...do 

...  do 

...do 

...do 

,..  do 

...do 

...do 

...do 

..  do 

..  do 

...do  

Massachusetts.. 
..  do 


...do  

...  do  

...do 

....do 

...  do 

...do 

iTew  Haven 
Litchfield. .  - 

...do 

...do 

...do 

..  do 

..  do 

...do 

Berkshire  . . 
..  do 


.do. 
do. 
do. 


Brass .* 

Corsets 

Cotton 

Dippers  and  hoUow-ware  . 

Electro.plating 

Food  preparations 

Hardware,  carriage 

Horseshoes    

House.furaisbing  goods  . . 

Iron  nuts,  bolts,  washers, 
and  rivets. 

Needles  and  pins 

Paper 

Saw 

Toys 

Wood  turning  and  carving. 

Woolen  

Saw  and  cider , 

Flouring  and  grist 

Iron  furnace 

Flouiing  and  grist 

Cutlery  and  edge.tools 

Flouring  and  grist 

Iron  foundery 

Machinery 

Blacksmithing 

Cotton 


...do 

Flouring  and  grist. , 
Paper , 


Feet. 


11-13 

10 

16.10 

14 
103 
233 


H.P. 


B.  P. 


8 
250 


40+ 
4 
80 


5 
110 


80 
300 


4 

80 


150 
90 


180 

10 

'     284 

100 

281 

2,920 


20 
1,694 


Birmingham :  Total  horse- 
power  of  wheels  in  use  in 
1880,  as  returned  b.v  census 
enumerators  and  here  de. 
>  taUed,  940.  In  the  fall  of 
1882  the  power  in  use  was 
stated  to  be  about  1,500  ef- 
fective borae-power  by  day 
and  500  b,y  nigfit. 


Little  York. 
New  Milford. 

Kent. 

West  Cornwall. 

Palls  Village. 

Monument  Mills,  Great  Bar- 
rington. 

Pittsfleld. 


321 
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TaWe  of  power  utilized  on  the  Housntonic  river  and  tributaries — Continued. 


stream. 


Housatonic  river 

Do 

Nausatuck  river. . 

Do 

Do 

Do 
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Do 

Mad  river 

Do 

Do 

Do 

Do 

Do 

Do 

AH  other  triLnta- 
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Naugatuck  river. 
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Connecticut 

..  do 


.do. 

.do  . 

.do. 

.do  . 

.do. 

.do. 

.do  . 

.do. 

do. 

.do. 

,  do. 

do 

.do. 
..do  . 
.  do  . 
..do. 
..do. 
.  do. 
..do. 
.  do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do. 


.do. 

.do  . 
.do  . 
.do. 
.do. 
.do. 
.do. 


.do., 
.do  . 
.do  .. 
.do., 
do  .. 
.do  .. 
.do., 
.do-., 
.do.. 

.do.. 


County. 


Berkshire 

...do 

New  Haven... 
...do 


...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

..  do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

". .  do 

...do 

...do 

..  do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do .« 

...do 

...do 

...do 

Litchfield 

...do 

...do 


..do. 

.  do. 
..do  . 
..do. 
..■do  . 
..do. 
..do. 


...do  

New  Haven.. 
...do 


do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do  . 


Xind  of  mill  or  manu- 
facture. 


Saw 

Woolen 

Bolts 

Corsets  and  supplies 

Fancy  articles 

Flouring  and  grist 

Furniture 

Hosiery 

Iron  and  steel 

Machinery 

Organs  

Pins 

Tools 

Toys  and  games 

"Wood  turning  and  carving 

Brass  and  copper,  rolled  . . 

Clocks 

Clocli  materials 

Cotton 

Hardware 

Hosiery 

Leather  belting  and  hose  (?) 

Machinery 

Wire 

Brass  and  copper,  rolled  . . 

Blacksmithing 

Nails  

Needles  and  pins 

Paper 

Plnsh 

Springs 

Tools 

Vulcanized  rubber  (!) 

Woolen 

Small  brass  goods 

Rubber  and  elastic  goods. 

Agricultural  implements  . 

Flouring  and  grist 

Buttons 

Brass  and  copper,  roUed  . . 

Boxes,  wooden  packing  . . . 

Brass  and  copper,  rolled  . . 

Carriage  and  wagon  mate, 
rials. 


Clocks . 


Cutlery  and  edge-tools. 

Flouring  and  grist 

Furniture 

Hardware 

Paper 

Saw 


Wheelwrighting 

Brass  and  copper,  rolled  . 

Brassware 

Britannia  and  plated  ware 
Cutlery  and  edge-tools... 

Paper 

Rubber  and  elastic  goods 

Tannery 

Brassware 


Buttons. 


Feet. 
121 
166 


>     12. 


Jfi 


22 


12; 


8 
30 
27 

3 
11 
22 
24 

8 
60 
10 
22 
10 
144 

15 
104 
30 
20 
28 
lit 
14 
13 
40 

84 


=43 


R.P. 

235 
1,198 
60 
22 
5 
60 
20 
90 
20 

150 
60 
36 
20 


1,  080+ 
40 


40 

5 

60 

25 

120 

200 

340 

5 

100 

30 

90 


35 
100 


7 
120 
150 

145  d= 

40 

80 

150 

12 


18 
65 
12 
50 
50 
263 

15 

755 

60 

80 

55 

110 

120 

40 

40 


S  Pi 


s.  p. 


695 

75 


80 
250 
80 


24 

7 
10 


1,662+ 

30 

80 

50 

5 


100 
275 
200 


120 

80 


185 


1.020 
40 
150 


180 


KemarkB. 


Birmingham:  Total  power 
in  use  in  1880,  as  here  enu- 
merated, 590  horse-power, 
water ;  529  horse-power, 
steam. 


Ansonia:  Total  power  in  use 
in  1880,  as  here  enumerated, 
1,600  horse-power,  water; 
2,227  horse-power,  steam. 


Seymonr :  Total  water.ppwer 
I     in  use  in  1880,  aa  here'ena- 
'     merated,  about  700  horse- 
power. 


Beacon  Falls. 
Naugatuck. 

Do. 

Do. 

Piatt's  mills. 


Wolcottville. 


Thomaston. 


Mainly  in  Harwinton  and  Tor- 
rington. 


K2 


a  Another  mill  is  supplied  partly  from  the  Naugatuck  and  partly  from  Mad  river,  having  16  feet  fall  on  the  former  stream. 
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Table  of  power  utilized  on  the  Housatonie  river  and  tributaries — Continued. 


stream. 


All  other  iiibuta- 


Do. 
Do., 
Do. 

Do 
Do 
.  Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do., 
Do., 
Do., 
Do.. 
Do.. 
Do.. 
Do.. 
Do. 
Do. 
Do. 
Do., 
Do. 


Pompcraug     river 
and  ti  ibutaries. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Shepaag  river  and 
tributaries. 


Do 

Do 

Do  - 

Do  

Do  

Do , 

Do , 

Do 

All  other  tributa- 
ries. 

Do 

Do 

Do  

Do 

Do 

Do 

Do 


Tributary  to  -what. 


Do. 
Do., 
Do. 
Do., 


NaugatucEriTer. 
..  do 


.do  . 
.do. 
.do  . 


...do  

...  do 

...do 

..  do 

...do  

...  do 

...  do 

do..." 

...  do 

...do 

..  do 

..  do , 

..  do 

..  do 

..  do 

..do 

...do  

..  do 

..  do 

..  do 

..  do 

..  do 

..  do 

..  do ^ 

..  do 

...do..; 

Housatonic  river 


..do  . 
.  do. 
..do. 
.  do. 
.  do. 
..do. 
..do. 
..do. 
..do. 

.do. 
.do. 
.do  . 
.do  . 

do  . 
.do. 

do. 
.do  . 
.do. 


..do  .. 
..do., 
.do., 
.do., 
.do., 
.do., 
.do.. 


do. 
.do. 
.do. 
.do  . 


State. 


Connecticut  , 
-.  do , 


..do  . 
..do. 
..do  . 

.do  . 
..do  . 
.  do  . 
.  do  . 
-do  . 
..do. 
..do. 
..do. 
..do  . 
-.do. 
..do  . 
..do  - 
..do  . 
.do. 
.  do  . 
.  do 
..do  - 
..do  . 
..do  . 
.  do  . 
.  do  . 
..do  . 
.  do  . 
.  do. 
..do  . 
..do  . 
..do  . 

.do  . 
.  do. 
.  do. 
..do. 
..do. 
..do. 
.  do 
.  do  . 
.  do. 

.  do. 
..do  . 
..do. 
..do  . 
,  do. 
..do  , 

.do. 
,.do. 

.do. 

do. 
.do. 
.do  . 

do. 
.do. 
.do. 
.do. 

.do. 
■  do. 
.do  . 
.do. 


County. 


NeTv  Haven. 
...do  


do. 
do 
.do  . 


...do 

,..  do 

...do  

.'.do 

...do  

...do 

...do  

...do 

...do 

...do  

...do 

...do 

...do.... 
...do  .... 
Litchiield. 
...do  ..... 

...do  

..  do 

..  do 

...do 

-    do 

...do  


..  do 

..do 

...do 

New  Haven. 

..  do 

...do  

Litchfield... 

..  do 

..  do 

...do 

...do 

...do 

..  do 


...do 

..do 

...do 

...do 

...do  

..  do 

...do  

...do 

New  Haven. 


...do.... 
...do.... 
...do.... 
Fairfield , 
..  do.... 
...do  ... 
...do  .... 


do. 

do. 
.do. 
.do. 


Kind  of  mill  or  manu- 
facture. 


Carpentering  . 


Carriage  and  wagon  ma- 
terials. 

Clocks 

Cutlery  and  edge-tools. . . 

Electrical  apparatus  and 
supplies. 

Fancy  articles 

Files 

Flouring  and  grist 

Hardware 

Hosiery 

Machinery 

Needles  and  pins 

Paper. 

Rubber  boots  and  shoes.. 

Saw 

Tools 

Umbrellas  and  canes 

Upholstering 

Wood  turning  and  carving 

Carpentering 

Cutlery  and  edge-tools 

Flouring  and  grist 

Hardware 

Hooks  and  eyes 

Saw 

Silk 

Sporting  goods 

UmbrcUaa  and  canes . . . 

Wheelwrightiug 

"Wood  turning  and  carving 

Woolen 

Flouring  and  grist 


Saw 

Woolen 

Carriages  and  wagons  . . . 

Flouring  and  grist 

Paper 

Saw  

Sporting  goods , 

Woolen 

Carriages  and  wagons  — 

Cutlery  and  edge-tools  — 

Cigars 

Cotton 

Files 

Flouring  and  grist 

Iron  castings '.. 

Kaolin  and  ground  earths 

Saw 

Flouring  and  grist 


Sashes,  doors,  and  blinds. 

Saw 

Wood  turning  and  carving 
Belting  and  hose,  rubber. . 

Butter  and  cheese 

Buttons 


Carriage  and  wagon  mate- 
rials. 

Chums 

Combs 

Cutlery  and  edge.tool3. . . 
Flouring  and  grist 


3 

o 
H 


32J 

60 
114 
26 

37 
15 
16 
46 
53 
22 
82J 
24 
57 
53 
32 
14 
15 
20 
26 
76 
50 
33 
12,16 
78 
10 
28 
21 
30 
22 
12 
19 

12 
16 
16 
58 
16 
38 
14 
38 
27 


18 
20 
99 
8 
18 
92 

n 

18 

35-H 

20 

41 

10 

26 

17 


30 

12 

187 


B.]'. 


30 


30 
153 
150 

21 

3 

20 
20 
60 
30 
48 
45 
400 
68 
116 

8 

10. 
18 

6 
80 
47 
24 
75 
87 
25 
14 
23 
27 

4 
80 
70 

50 
18 
16 
'46 
30 
60 
15 


25 

4 

51 

10 

208 

i 

12 

347 

12 

10 
65 
10 
500 
10 
16 
17 

4 

20 

35 

254 


bfe 


H.  P. 

4 

40 

70 
50 
40 


12 
110 


360 
30 


80 


250 
10 
19 
15 


40 


Kemarks. 


323 
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Table  of  power  utilized  on  the  Housatonic  river  and  tributaries — Gontinued. 


stream. 

Tributary  to  what. 

State. 

County. 

Kind  of  mill  or  manu- 
facture. 

.2 

a 

o 
i-l 
<s 

1 

1 

3 

Total  water  .power 
utilized. 

1. 

ll 

< 

Bemarks. 

All  other  tributa- 

Hoaaatonic river  . 
....do 

Connecticut 

...  do 

Fairfield 

....do 

1 

3 
2 
1 

14 
2 
3 
1 
1 
2 

18 
1 
2 
5 
2 
2 
2 
4 

18 
1 
1 
1 
1 
1 
5 
1 
5 
1 
3 
4 
1 

17 
1 
1 
1 
2 
8 
1 

30 
1 
2 

6 

Feet. 
22 

28+ 

32 

lOJ 
246 

33 

48 
8 

21 

39 
348 

29 
92 
70 
17 
38 
68 
310+ 
18 

8 
20 
18 

3 
88 

7 
85 
11 
32 
73 
11 
283 
17 
17 

a 

16 
335 

13 
540+ 

11 

33 
158+ 

S.P. 

40 

87 

105 
12 

160 
16 
22 
10 
15 
37 

507 

,      17 

35 

383 
31 
13 
97 
74 

331 
40 
i 
12 
24 
10 

180 
10 
72 
36 
55 
56 
30 

538 
15 
40 
30 
27 

713 
50 

700 
32 
70 

678 

B.P. 

« 

120 

55 

5 

40 
60 

120 

20 
597 

32 

25 

30 

610 

ries. 
Do 

Hat  and  cap  materialH 

Do 

do 

...do  

do  . 

Do  

....do  

...do 

..    do 

Sashes,  doora.  and  blinds.. 
Saw 

Do 

...do 

...do  

.   .  do 

Do 

....do  

...  do  

.      do 

"Wheelwriffhtinff 

Do 

....do  

...  do  

Litchfield 

do 

Afjricultural  implements  . 

Do 

...  do  

do    

Do 

....do  

...  do  

do 

...  do  

Do  

do     .  . 

do 

Cutlery  and  edge-tools 

Flouring  and  grist 

Do 

...do  

..do 

....do  

..  do 

Do 

...do  

....do 

Do 

...do  

,.  do 

...do 

Do 

....do 

...  do 

...  do    

..do 

Do 

...do 

.    do 

Machinery 

Marble  and  stone  work  . . . 

Do 

....do  

....do  .  . 

Do...- 

....do 

...  do    ... 

do 

Do 

....do 

.  do 

do 

Saahes,  doors,  and  blinds.. 
Saw . 

Do 

...do 

....do 

...do  

Do  

....do  

...do  

...do  .. 

Silk 

Do 

....do 

...do 

...do    .  . 

Do 

....do    

...  do 

do 

Do 

....do  

...do  

.  do 

Do 

do 

If  ew  York  . . . . . . 

....do  

Dutchess 

do 

Carriages  and  wagons 

FlouriDg  and  grist 

Sasbes,  doors,  and  blinds. . 

Do 

....do  

Do 

....do 

....do 

.  do 

Do 

....do  

....do 

..    do 

Do 

....do  

....do    

Columbia 

..  do 

Flouring  and  grist 

Saw 

Do  

....do  

...  do  

Do 

do    . 

Maasachusetts . . 
do    . 

Berkshire 

do 

Agricultural  implements  . 

Cordage  and  twine 

Flouring  and  grist 

Do 

....do 

Do 

....do  

. .    do 

do 

Do 

....do  

do    . 

do 

Do 

....do  

..    do 

do 

Iron  and  steel 

Kaolin  and  ground  earths . 
Machinery 

Do 

...  do  

do 

do 

Do 

...  do  

.  do 

do 

Do 

....do  

...do  

...do    

' 

Do 

...do  

....do  

...do 

Do 

...  do 

....do 

..  do 

Do 

...do  

...do 

do 

Shoddy 

Do 

...do 

....do 

do 

Do 

....do 

....do 

do 

324 
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v.— THE  NORWALK  RIVER. 

This  is  a  small  stream  lying  in  the  southwestern  part  of  Connecticut,  and  emptying  into  Long  Island  sound 
.below  South  Norwalk.  Its  course  is  mainly  through  the  towns  of  Eidgefield,  Wilton,  and  Norwalk;  the  drainage 
basin  is  15  miles  long,  5  miles  wide  in  the  broadest  part,  and  includes  about  58  square  miles.  The  Danbury  and 
Norwalk  railroad  follows  the.  stream  closely  through  the  greater  part  of  its  length. 

The  country  embraced  within  the  water- shed  of  the  Norwalk  river  has  a  hilly  surface.  The  stream,  itself  has  a 
large  fall,  amounting  to  826  feet  from  the  extreme  source  to  the  mouth,  but  being  without  storage  reservoirs  it  runs 
very  low  in  the  dry  season;  for  eight  or  nine  mouths  in  an  average  year  most  of  the  mills  have  water  enough,  but 
for  two  or  three  months  in  the  summer  season  there  is  a  very  scanty  supply,  hardly  more  than  enough  some  of  the 
time,  as  stated  at  one  mill,  for  washing  wool.  Seveic  winter  weather  also  brings  down  the  stream,  and  it  is  at 
times  low  for  a  month  from  that  cause. 

In  the  town  of  Eidgefield  there  is  a  small  reservoir  of  perhaps  a  dozen  acres  which,  years  ago,  when  the  mills 
were  much  smaller,  was  a  substantial  help  to  the  stream,  but  it  is  regarded  as  of  little  consequence  now,  and  no 
attention  has  been  paid  to  it  for  15  years. 

It  is  claimed  that  15  or  20  miles  from  the  mouth — that  is,  in  the  ujjper  waters — a  reservoir  might  be  constructed 
at  a  cost  of  $20,000  which  would  be  sufficient  to  carry  the  mills  through  dry  weather,  but  they  are  generally 
provided  with  steam-engines  and  make  no  active  movement  toward  reservoiring  the  stream,  although  it  is  evident 
that  the  power  could  be  much  improved  thereby. 

On  the  Union  Manufacturing  Company's  dam,  140  or  150  feet  long,  the  depth  in  freshets  is  frequently  3  or  4 
feet,  and  in  extreme  cases  5  feet.    Ice  forms  10  or  12  inches  thick  in  the  mill-ponds,  but  usually  rots  before  going  out. 

The  lowest  privilege  on  the  river  is  that  of  the  above-mentioned  company,  at  Norwalk.  There  was  formerly 
a  dam  5  or  6  feet  high  below  this,  but  on  account  of  back\^ater  it  was  purchased  by  the  Union  company  and 
abolished.  This  company  manufactures  felt  cloth  and  has  also  6  sets  of  cards  on  fancy  cassimeres.  The  dam  is 
of  rubble  masonry  and  has  a  rock  foundation.  The  fall  is  21  feet  6  inches.  Power  is  derived  from  a  120  horse- 
power overshot  and  a  75  horse-iiower  turbine  wheel.  In  low  water  the  supply  is  insufficient  for  running  even  the 
turbine,  and  a  200  horsepower  double  engine  is  employed. 

The  stream  is  rather  flat  above  until  we  reach  Winnipauk.  There  the  first  power  is  occupied  by  the  Lounsbury 
i&  Bissell  Company,  manufacturer  of  felt  goods,  its  works  being  equivalent  to  a  13-set  woolen-mill.  The  dam 
is  an  old  structure  of  cement  rubble- work.  The  head  used  is  12  feet,  under  which  a  turbine  of  80  or  90  horse-power 
is  run  about  one-half  the  year,  while  for  two  or  three  months  it  cannot  be  operated  at  all. 

Next  iu  order  are  the  Norwalk  Mills,  using  18  feet  fall  and  manufacturing  fancy  cassimeres;  they  run  12 
sets  of  cards.  The  dam  is  of  cement  rubble,  the  head-race  600  to  700  feet  long,  and  the  tail-race  say  250  feet. 
Power  is  taken  from  an  undershot  wheel  22  fe^t  9  inches  in  diameter  and  rated  at  180  horse-power;  it  can  be  run 
about  nine  months  in  the  year,  but  steam  is  relied  upon  the  remainder  of  the  time. 

The  stream  was  not  examined  above  this  point;  there  were  reported  to  be  occasional  small  saw-  and  grist-mills 
above  Winnipauk,  but  no  concerns  of  importance  except  at  Georgetown,  where  the  Gilbert  &  Bennett  Manufacturing 
Company  uses  power  in  the  manufacture  of  wire  cloth. 

Table  sliowing  the  fall  in  the  NorwaVk  river. 


Locality. 


Sonroo  of  stream 

Branohville 

Georgetown 

Cannon's 

Wilton 

South  Wilton... 
Iforvralk  Mills . . 

Winnipauk , 

Norwalk  bridge. 
Mouth  of  stream 


Elevation 
of  water- 
surface 
above  tide. 


Feet. 
826 

400 

375 

220 

181 

124 

104 

80 

22 

0 


fall 
between 
points. 


Feet. 

426 
25 

155 
39 
67 
20 
24 


Distance 
between 
points. 


Miles. 


12 


Fall  per 

mile 
between 
points. 


Feet. 


18.3 
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Table  of  power  utilised  on  the  Norwalk  river  and  tributaries. 


stream. 

Tribntary  to  what. 

State. 

County. 

Kind  of  mill  or  manu- 
facture. 

"3 

1 

13 

I 

1 

k 

■s  ft 

s 

Connecticut 

....do-. 

Fairfield 

...  do  

Sashes,  doors,  and  blinds — 
Saw 

2 
2 
1 
1 
1 
3 
1 
2 
1 

Feet. 
17  ^ 
23  ' 
26 
9 
16 

saj 

16 
32 
10 

b:.p. 

22 
60 

100 
10 
50 

455 
12 
19 
18 

B.P. 

Do 

do                     

Do                       

do 

....do  

....do  

Do                        

do 

...do 

...  do 

Wire 

Do                        

do 

....do 

...do 

...  do  

■Wirework 

80 

Do                             

do 

....do 

445 

....do  

....do 

....do  

Do 

do 

....do  

Saw i 

Do    

do • 

...do 

....do  

Wood  turning  and  carving. . 

Table  of  power  utilized  on  sundry  small  streams  tributary  to  Long  Island  sound. 


stream. 


Tribntary  to  what. 


State. 


Connty. 


Kind  of  mill  or  manu- 
facture. 


3 
s 


s  S. 

.-a 

M 

0 


Mill  river  and  tributaries — 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries: 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Various  other  small  streams  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do.*. 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 


Long  Island  sound. 

....do  

...do 

...do 

...  do 

....do  

...do 

...do 

Westport  river 

....do 

...do , 

...do 

...do , 

...do... 

...do 

...do 

Long  Island  sound . 

...do , 

...do 

...do 

.--do   

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do 

...do 

...do  

...do , 

...do  

...do 


.do  . 
.do. 
do. 
.do  . 
.do  . 


Connecticut . 

...do.. 

...do 

...  do 

...do 

...do 

...do 

...do 

...do  

...do 

...d^o 

...do  

...do  

...  do  

...do  

...do 

...do  

...do 

...do  

...do 

...do  

...do 

...do  

...do  

...do 

...do 

...do 

..  do 

...do  

...do  

...do 

...do 

...do  

...do 

...do 

...do 

...do  


.do. 
.do  . 
.do. 
.do. 
.do  . 


New  Haven. . 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

Tairfield 

...do  

...do  

...do  

...do 

...do  

...do  

...do  

New  London. 

....do  

...do  

...do  ...:.... 

...do 

Middlesex . . . 

...do  

...do 

New  Haven.. 

...do 

...do 

...do 

...  do 

...do 

..  do 

...do 

...do 

...do  

.  do 

...do 

..  do 


...do  .... 
...do.... 
...do  .... 
...do  .... 
Fairfield . 


Cotton 

Fire-arms 

Flouring  and  grist 

Hardware 

Iron  foTgings 

Needles  and  pins 

Saw 

Silk 

Buttons 

Cutlery  and  edge-tools 

Flouring  and  grist 

Iron  castings 

Mattresses  and  spring  beds 

Paper 

Trunks  and  valises 

Wheel  wrighting 

Cotton 

Flouring  and  grist 

Saw 

Wood  turning  and  carving. . 

Woolen 

Flouring  and  grist 

Paper 

Saw  

Agricultural  implements  . . . 

Boxes,  cigar 

Boxes,  wood  packing 

BritanniOi  and  plated  ware. . 

Carriages  and  wagons 

Flouring  and  grist 

Iron  bolts,  etc 

Matches 

Paper  

Printing  and  publishing 

Saw 

Sporting  goods 

Tin-,  copper-,  and  sheet-iron- 
ware. 

Wheel  wrighting 

Window  blinds  and  shades . . 

Wood  turning  and  carving. . 

Woolen 

Carriages  and  wagons 


1 
1 
1 
1 
1 
2 
a4 
1 
4 
1 
3 
1 
1 
1 
1 
1 
2 
8 
7 
1 
1 
4 
2 
5 
1 
1 
1 
1 
1 


Feet. 

8 
34 

8 

10 

9J,20 

8-1- 
87 

7 
54-)- 


28J 


4i 
14 
4J 


21 

111 
95 
10 
18 
74 
42 
78J 
15 
20 
26 
20 
10 
70i 
11 
31 
67 
34-1- 
88 
10 
10 

12 

18 

10 

35-1- 

13 


B.F. 

40 

150 

30 

30 

62 

18 

86 

IS 

45 

35 

106 

10 

6 

30 

12 

3 

38 

202 

117 

6 

60 

100 

100 

69 

10 

5 

25 

20 

10 

70 

20 

61 

200 

6 

127 

16 

10 

65 
6 
18 
44 


R.P. 


14 


70 


10 
25 


110 
375 


a  On  tributaries. 
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stream. 


Various  other  small  streams. 


Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Tributary  to  what. 


Long  Island  sound. 


..do. 
..do. 

.  do  . 
..do. 
..do  . 
..do. 
.do. 

..do. 
.  do. 
..do. 
..do. 
..do. 
.  do. 
..do. 
..do. 
..do  . 
.do. 
.do. 
.do  . 
.do. 


State. 


Connecticut. 


.do  . 
.do. 

.do. 
.do. 
.do. 
do  . 
.do. 


...do  

...do ■.. 

...do 

...do  

...do 

...do , 

...do , 

New  York... 

...do 

...do , 

...do 

...do 

Connecticut . 


County. 


Fairfield. 


.do  . 
.do  . 

.do. 
.do  . 
.do  . 
.do. 
do  . 


....do 

...do 

..  do 

...do 

...do 

...do 

...do 

Westchester . 

...do 

...do 

...do 

...do 

Fairfield 


Kind  of  mill  or  manu- 
facture. 


Children's     carriages    and 
sleds. 

Cigars 

Dye-woods,  dye-stufls,   and 
extracts. 

Flouring  and  grist 

Hats  and  caps 

Hat  and  cap  materials 

Iron  and  steel 

Iron  nuts,   bolts,  washers, 
and  rivets. 

Machinery 

Paper 

Pumps .* 

Saw  

Tools 

"Wirework 

"Woolen 

Buttons 

Flouring  and  grist 

Iron  forgings 

Lithographing 

Saw  , 

Flouring  and  grist(a) 


o 
H 


Feet. 
10 

14 
3 

182 
16 
12 
15 
40J 


66 

15 
136 

28 

21 

69 

4 

128 

13 
7 

47+ 

13 


s 

o 


H.P. 

Is.  P. 

16 

15 

225 

1,500 

386 

18 

30 

205 

85 

135 

6 

8 

130 

85 

114 

35 

20 

216 

200 

13 

25 

174 

28 

10 

73 

68 

a  Tide-mills. 
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WATEE-POWER  OF  THE  UNITED  STATES. 

Summary  of 'power  utilized  on  streams 

[From  the  Thames  river  on  the  east,  to 


Eiver. 

COTTOH-MILLS. 

SILK-MILLS. 

WOOLEH-MILLS. 

PAPEE-MILIS. 

i 

B 

o 

1 

i 

1 

It 

c€   O 

< 

a 

o 
u 

1 

i 

i 

1 

o 

1 

|2i 

1 

1 

% 

f 
% 

'a 

i 

r 

Anxiliarj  steam- 
power. 

1 

82 
88 

B.F. 

16,  422 
16,  434 

H.P. 

5,001 
4,370 

10 
13 

H.F. 

143 
617 

B.F. 

22 
851 

58 
107 

B.F. 
5,044 
8,378 

B.F. 

1,735 
2,753 

13 
104 

J.  p. 

1,367 
23,538 

B.F. 

60 
2,034 

9. 

3 

The  Quinnipiao  river  and  tributaries 

4 
5 

The  HoTisatonic  river  and  tributaries .' 

The  Norwalk  river  and  tributaries 

6 

705 

50 

2 

65 

30 

23 
3 

7 

2,120 
455 
320 

1,425 
445 
345 

34 

4,460 

2,378 

fi 

All  other  streams 

3 

78 

80 

1 

15 

10 

460 

445 

Total 



179 

33,  639 

9,501 

•  26 

740 

903 

198 

16,317 

6,703 

161 

29,  825 

4,917 

With  unimportant  exceptions,  the  figures  given  in  the  table  are  based  upon  the  census  enumerators'  returns, 

Note.— The  same  remark  may  be  made  here  that  has  already  been  made  in  cocnection  with  the  table  of  utilized  power  on  the 
of  the  mills  running  only  at  irregular  intervals ;  and  that,  since  paper-mills  are  usually  operated  night  and  day,  the  power  credited  to 
manufacturing  industry  should  therefore  really  rank  first,  in  the  region  we  are  considering,  in  respect  to  the  extensive  nse  of  water-power. 

It  is  also  to  be  said  that  the  item  of  "  auxiliary  steam-power"  is  introduced  mainly  to  show  the  extent  to  which  steam-  and  water-power 
for  many  of  the  mills  enumerated,  located  on  small  streams,  rely  upon  steam  as  an  important,  and  even  the  major,  portion  of  their  regular 

The  division  of  tvnolen-mills  includes  also  a  few  worsted-mills. 

The  division  of  various  metal-u'orUng  eatailishments  comprises  blacksmithing,  lock-  and  gun-smithing  shops,  brass  and  iron  founderies, 
britannia-  and  plated-ware,  bronze  statuary,  clocks,  coffin-trimmfngs,  cutlery  and  edge-tools,  dippers  and  hollow- ware,  electrical  apparatus 
nails,  needles  and  pins,  pumps,  saws,  screws,  scales  and  balances,  sewing-machines  and  sewing-machine  materials,  springs,  steam  fitting 

The  division  of  various  wood-working  eslahlishments  comprises  carpentering,  cooperage,  wheelwrighting,  and  wood-turning  and  carving 
bobbins,  canes,  carriages  and  wagons,  carriage  and  wagon  materials,  chairs,  chair-stock,  children's  carriages  and  sleds,  chums,  coffins 
materials,  rules,  sashes,  doors,  and  blinds,  shoe-pegs,  spools,  washing-machines  and  clothes-wringers,  wheelbarrows,  wooden  handles,  and 

The  division  of  sundry  other  eslahlishments  comprises  bleaching  and  calendering,  dyeing  and  cleaning,  electro-plating,  iTthographing, 
repairing  shops,  and  establishments  for  the  manufacture  of  baskets,  rattan-  and  willow-ware,  leather  belting  and  hose,  boots  and  shoes, 
chewing-tobacco,  cigars,  combs,  cordage,  corsets,  drugs  and  chemicals,  emery-wheels,  explosives  and  fire-works,  fancy  and  paper  boxes 
whetstones,  hosiery,  horse-blankets,  kaolin  and  ground  earths,  leather-board,  linen,  mattresses  and  spring  beds,  mosquito-  and  fly-nets, 
elastic  goods,  Tulcanized  rubber,  rubber  boots  and  shoes,  rubber  belting  and  hose,  shoddy,  soap  and  candles,  spectacles,  sporting  goods, 
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tributary  to  Long  Island  sound. 

the  Bronx  on  the  -west,  totli  inolnsiTe,] 


FI.OUKING-    AND 

GBie* 

. 

VAKIOUS   METAL- WORKING 

VARIOUS  WOOD-WOKKINB 

SUNDllT  OTHER  E8TAB- 

TOTAL. 

MlLLb. 

ESTAllLIBHMENTS. 

EBTA13USHMBHTB. 

LIBHMENTB. 

•6 

0 

i 

!=1 

'^ 

0 

i 

s 

B 

4 

i 

I 

4 

i 

i 

^ 

i 

(0  i^ 

a 

g 

^ 

fe 

B 

g 

1  . 
J 
d  9 

a 

a 

s 

■g . 

a 

s 

t4 

<1 

•s 

eI 

SI 

II 

•s 

e-.a 

5  o 

o 

E^ 

11 

f| 

a 

1 

1 

a 

a 

1 
1 

e 

1 

M 

0 

<1 

s 

0 

1 

0 

<1 

a 

1 

■< 

1 

a  p. 

H.P. 

B.P. 

Jff.  P. 

H.P. 

B.P. 

B.P. 

B.P. 

B.P. 

B.P. 

B.P. 

B.P. 

B.P. 

68 

1,887 

70 

99 

2,157 

5 

27 

587 

40 

so 

649 

45 

33 

2,367 

385 

420 

80, 523 

7,363 

1 

303 

11,  679 

278 

794 

27, 194 

1,293 

256 

10,  547 

2,117 

413 

10,  842 

1,354 

220 

8,997 

997 

2,298 

118,  026 

16,047 

2 

4 

168 

7 

217 

22 

1  812 

903 

5 

67 

15 

2 

14 

40 

2,278 

918 

3 

S3 

2,614 

20 

110 

2,528 

32 

96 

5,747 

5,210 

36 

557 

77 

63 

2,363 

1,502 

442 

21, 159 

10,724 

4 

1 
46 

504 

12 
1,136 

4 
35 

79 
586 

2 
20 

60 
885 

80 
118 

3 
13 

40 
223 

1 
16 

100 
396 

1,639 

14 
161 

746 
4,099 

526 
2,656 

"i 

128 

« 

17,  396 

368 

1,049 

32,  761 

1,330 

423 

19,  638 

8,468 

500 

12,  278 

1,619 

826 

14,  237 

4,423 

3,365 

176,  831 

38,  232 

Mild  represent  the  power  in  use  in  1880. 

Connecticut  river  and  tributaries,  namely,  that  the  power  credited  to  savr-mills,  vrbile  large,  is  not  all  in  continuous  use,  very  many 
them  should  be  largely  increased  in  reckoning  upon  the  same  basis  of  daily  working-hours  common  among  other  mills.  The  paper- 
are  combined  in  the  same  establishments,  and  is  not  to  be  taken  as  a  proper  measure  of  the  deficiencies  of  the  streams  in  the  dry  season; 
motive  power,  rather  than  merely  as  supplying  the  lack  of  power  due  to  summer  low  water. 


brass  and  copper  rolling-mills,  and  establishments  for  the  manufacture  of  agricultural  implements,  bells,  bits  and  gimlets,  brass-ware, 
aud  supplies,  files,  fire-arms,  general  hardware,  hooks  and  eyes,  horseshoes,  iron  forgings,  iron  bolts,  nuts,  washers,  and  rivets,  machinery, 
and  heating  apparatus,  stencils  and  brands,  swords,  tin-,  copper-,  and  sheet-iron  ware,  watch  and  clock  materials,  wire  and  wirework. 
shops,  planing-mills,  and  establishments  for  the  manufacture  of  billiard  and  bagatelle  tables,  cues  and  materials,  cigar-  and  packing-boxes, 
and  other  undertakers'  goods,  excelsior,  furniture,  general  house-furnishing  goods,  matches,  models  and  patterns,  picture  molding,  piano 
wooden  ware. 

marble  and  stone,  calico  printing,  printing  and  publishing,  soapstoue,  and  Wool-grading  and  scouring  works  ;  tanneries,  watch-  and  clock- 
boot-  aud  shoe-findings,  bricks  and  tiles,  brooms  and  brushes,  butter  and  cheese,  buttons,  carpet  yams,  crashes,  twines,  and  bagging, 
and  other  fancy  articles,  fertilizers,  food  preparations,  gloves  and  mittens,  gunpowder,  hats  and  caps  and  hat  and  cap  materials,  hones  and 
nuicilage  and  paste,  musical  instruments  and  materials,  patent  medicines  and  compounds,  plaster,  preserves  and  sauces,  rubber  and 
starch,  stationery  goods,  tape,  toys  and  games,  trunks  and  valises,  umbrellas,  upholstering  materials,  vinegar,  whips  and  lashes,  whip 
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REPORT  ON  REGION  TRIBUTARY  TO  LONG  ISLAND  SOUND. 


A. 

Page. 

Alewife  brook 17 

Ammonoosuc  river,  Lower 118 

Table  of  elevations  and  fall 118 

Ammonoosuc  river,  Upper 119 

Areas  and  elevations  of  tributary  ponds,  and  table  of  fall 119 

Ansonia,  Connecticut : 

Lessees  of  water  at .^ 149 

Power  on  Kaugatuck  river  at 148 

Aqueduct  privilege  on  Farmington  river,  undeveloped 75 

Ashuelot  river : 

Estimate  of  unimproved  power  near  Hinsdale 115 

Fall  from  Keene  to  Connecticut  river 115 

Lakes  and  ponds  in  basin 114 

Athol,  Massacliusetta,  utilized  powers  on  Miller's  river  at 112 

B. 

JBackwater  from  Enfield  dam 49 

Baltic,  Connecticut : 

New  dam  and  connecting  works  at 23 

Pondage  of  night-water  at 23 

Sprague  privilege  at 23 

Bamet  bridge,  fall  in  Connecticut  river  at 62 

Barrett's  Junction,  Massachusetts,  power  on  Swift  river  at 102 

Bellows  Falls,  Vermont : 

Estimate  of  power  at .' 60 

Manufactuilng  at 59 

Power  at 58 

Birmingbam,  Connecticut : 

Cost  of  power  to  lessees  and  amount  in  use 142 

Description  of  dam  and  cost  of  bydraulic  works 141 

Estimated  power  of  river 143 

Ousatonic  privilege  at 141 

Policy  observed  in  developing  privilege H2 

Power  on  !N"augatack  river  at 148 

Black  river 115 

Bondsville,  Massachusetts: 

Construction  and  cost  of  dams  at J,03 

Power  on  Swift  river  at 103 

Broad  brook 83 

Bull's  Bridge,  Connecticut,  undeveloped  power  on  Kousatonic  river  at. .  144 

C. 

■Chicopee  brook * 100 

•Cticopee  river : 

Discharge 94 

Elevations  and  fall  on  main  river  and  tributaries 93 

Lakes  and  ponds  in  basin 94 

Pondage  of  night-flow  at  Chicopee  Falls 96 

Summary  of  water-privileges -  98 

Unimproved  fall  below  Three  Elvers    97,  98 

Utilized  powers  at  Chicopee,  Chicopee  Falls,  Southworth  Falls, 

Indian  Orchard,  Ludlow,  Collins,  and  Three  Rivera 94-98 

'Claremont,  Kew  Hampshire,  powers  on  Sugar  river 116 

Collins  station,  Massachusetts,  utilized  power  on  Chicopee  river  at 97 

Connecticut  lakes 63 

•Connecticut  river 46 

Average  heights  of  freshets  in,  from  1844  to  1879 14 

Drainage  areas  of  tributaries 64 

Drainage  areas  of  uppsr  river 63 

Elevation  of  eastern  water-shed  in  New  Hampshire 114 


Connecticut  river — continued  : 

Flow  relatively  to  drainage  area 48 

Length,  drainage  area,  navigation,  etc 46,  47 

Measurements  of  flow  at  Ilanover,  New  Hampshire 48 

Summary  of  utilized  power. 134,  135 

Summary  of  water-pnvileges 62 

Table  of  elevations  and  fall 47 

Table  of  utilized  power I'JO 

Tributaries  in  New  Hampshire  and  Vermont 113 

Unimproved  fall ,58,60-62 

Utilized  powers  at  "Windsor  Locks,  Holyoke,  Turner's  Falls,  Bel- 
lows Falls,  Olcott  falls,  and  Mclndoe's  "Falls 48-61 

Cost  of: 

Apron  of  Holyoke  dam 51 

Dam,  bulkhead,  and  canal  at  Turner's  Falls 56,  57 

Dams  (see  various  descriptions). 

Hydraulic  works  at  Birmingham 141 

Hydraulic  works  at  Windsor  Locks 4tJ 

Power  at  Birmingham  to  lessees 142 

Proposed  reservoir  on  "Ware  river 101 

Beservoir  on  Moodus  river 66 

To  present  proprietors,  of  hydraulic  works,  etc.,  at  Unionville 70 

Cotton  goods,  introdoction  of  manufacture  by  water-power 17 

Dams,  failures  of: 

Baltic,  1876 23 

Barre  reservoir,  1869 .- 101 

Holyoke,  1848 51 

Osoboxo  brook,  1877 18 

Stafford  reservoir,  1877 27 

"Williamsburg  reservoir,  Mill  river,  1874 104 

Danielsonville.CouDecticut,  power  utilized  at,  on  Quinebaug  river 34 

Deerfield  river 105 

Estimate  of  volume  and  power  per  foot  of  fall  at  various  points . . .  108 

Lamson  &  G-oodno w,  privilege  at  Shelburne  Falls 107 

Power  at  state  dam,  near  Hoosac  Tunnel 108 

Reasons  for  slight  development  of  power 106 

Table  of  elevations  and  fall 106 

Unimproved  power  below  Shelburne  Falls 106 

Drainage  areas : 

Of  tributaries  of  Connecticut  river   i 64 

Of  upper  Connecticut  river 63 

Elevations  {see  tables  of  fall). 

F. 

Falls  Village,  Connecticut,  power  on  Housatonic  river,  not  utilized 145 

Farmington  river: 

Discharge 71 

Ponds  and  reservoirs  in  basin 71,  72 

Summary  of  water-p  ri vileges "9 

Table  of  elevations  and  fall 70 

Unimproved  fall  at  Rainbow,  Tariffville,  Farmington,  and  other 

points 73-£0 

Utilized  powers  at  Poquonock,  Rainbow,  Spoonville,  Tariffville, 
Farmington,  Unionville,  Collins  ville,  Pine  Meadow,  New  Hart- 
ford, and  above 72-80 

Fifteen-Mile  falls,  Connecticut  river G2 

Five-Mile  river 39 

"Water-privileges  on 40 

331—161 
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Flow  of  streams : 

Afisumed  ratios  of  drainage  to  rainfall 6 

AsBumptiona  made  concerning 2 

Cnrves  of  discbarge - 6 

Distribution  of  flow  tbrougb  year 7. 8 

Metbod  employed  in  estimating 1 

Proportion  of  rainfall  diacbarged 2-5 

Eatio  between  low  water  of  dry  and  average  years 9 

Stages  of  flow  considered , 1 

French  King  rapida,  Connecticut  river 58 

French  river - 40 

Reservoirs  and  water-privileges 40-42 

Fresbeta : 

Average  heights  of,  in  Connecticut  river,  1844-'79 14 

Depth  in,  on  Ilolyoke  dam 55 

Destructive  freshet  in  Westfleld  river  in  1878 84 

Disastrous  flood  in  Shetacket  river  in  1876 20 

Effect  of  lakes,  swampa,  and  mill-ponda  in  regulating 13 

Heights  of,  in  Honaatonic  river 140 

How  influenced  by  wholesale  deatruction  of  timber 14 

In  Farmington  river 72 

Usual  rise  in  Sbetucliet  river 20 

O. 
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LETTER  OF  TRANSMITTAI.. 


Boston,  Mass.,  July  9, 1883. 
Professor  W.  P.  TROWBRioaB, 

Columbia  College,  -A'ejc  York  City. 

Sir  :  I  have  the  honor  to  submit  a  report  upon  the  'water-power  of  the  Hudsou  Eiver  basin,  based  npon. 
investigations  carried  on  under  your  direction,  mainly  in  the  autumn  of  1882.  A  short  report  upon  the  water-power 
iit  the  outlet  of  lake  George  is  also  appended.  It  is  desired  to  call  attention  to  the  principles  observed  in  the 
estimates  of  flow  and  jjower,  which  are  fully  explained  in  connection  with  the  report  on  the  region  tributary  to 
Long  Island  sound. 

Very  respectfully, 

D WIGHT  PORTER, 

Special  Agent, 
339— V 
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THE  HUDSON  EIVER  BASIN. 


GENEEAL  DESCRIPTION  OF  THE  HUDSON  EIVER  AND  OF  THE  REGION  TEIBUTAEY  ABOVE 

•  TROY. 

In  the  elevated  mountain  region  of  Essex  county,  in  northeastern  New  York,  are  the  principal  sources  of  this 
important  river.  It  takes  a  rather  irregular  southerly  course  till  on  the  northern  boundary  of  Saratoga  county  it 
turns  abruptly  to  the  eastward  for  a  dozen  miles  or  so  by  general  course,  and  cuts  its  way  through  the  mountains, 
forming;,  as  it  strikes  across  the  rocky  strata,  several  falls  of  great  height  and  beauty.  At  Sandy  Hill  there  is 
another  qnick  turn,  even  more  sudden  than  the  previous  one,  and  the  direction  of  flow  then  continues  southerly 
till  the  river  empties  into  New  York  bay. 

In  its  upper  waters  the  Hudson  is  formed  by  a  number  of  branches  heading  at  points  about  equally  remote 
from  the  mouth  of  the  Sacondaga,  and  it  is  perhaps  not  easy  to  say  that  the  main  river  has  its  origin  with  any  one 
of  these  to  the  exclusion  of  the  others;  but  if  we  assume  the  true  head  to  be  in  the  highest  collected  and  permanent 
body  of  water,  then  the  source  of  the  Hudson  river  becomes  lake  Tearof-the-Clouds,  which  lies  at  an  elevation  of 
4,322  feet  above  tide,  in  the  center  of  the  triangle  formed  by  mounts  Marcy  and  Skylight  and  Gray  peak,  and  the 
discovery  of  which  source  is  claimed  by  Verplanck  Colvin,  superintendent  of  the  Adirondack  survey.  From  this 
lake  to  the  mouth  of  the  river  the  distance  by  water  is  probably  not  far  from  300  miles. 

Tal)le  showing  the  fall  in  the  Hudson  river. 
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MiUt. 
300 

265i 

264i 

257 

262i 

248 

239i 

236 

226 

222} 

216 

196i 

190 

180 

150 
0 


Feet. 
4,322 

1,454 

1,403 

1,134 

1,M1 

981 

817 

720 

694 

671 

636 

284.3 

118.1 
102.1 

2.1 

0 


Miles. 

34i 
1 

71 

M 
i\ 
84 

3i 
8 
5i 
6J 
191 
61 

10 


158 


Feet. 

2,868 
51 


60 
164 

97 
126 

23 

85 

251.7 
166.2 

16 

1*0 

2.1 


Feet. 

83.1 
51.0 
85. 9 
20.7 
13.3 
19.8 
27.7 
35.7 

4.0 

6.4 
12.9 
25.6 

1.6 

3.3 

0.014 


Colvin,  Survey  of  the  A.dirondaek  Eeffion. 
Profile  of  the  Adirondack  Company's  railroad,  (a) 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

(282.26  feet  +-mean  low-tide  at  Albany.  6)    New  York 
canal  profiles.    Clark. 

(116  feet  +  tide,  c)    Samuel  McElroy,  survey  made  in 
1866. 

(100  feet  -1-  mean  low-tide  at  Albany.)     New  York 

canal  profiles. 
Estimated  from  mean  low-tide  at  Albany,  (d) 


a  The  elevations  along  the  Adirondack  Company's  line  were  furnished  by  C.  E.  Durkee,  superintendent. 

6  At  the  United  States  Coast  Survey  office  mean  low-tide  at  Albany  is  glveifas  2.07  feet  above  mean  sea-level  in  New  York  harbor. 

c  The  elevations  given  by  Mr.  McElroy  refer,  as  nearly  as  can  be  judged,  to  mean  low- tide  at  Troy,  which  is  probably  2.1  to  2.2  feet  above  mean  sea-level  in  New 
York  harbor. 

d  By  Coast  Survey  measurements  mean  tide  at  Albany  is  4.84  feet,  and  mean  low-tide  2.07  feet  (as  previously  stated)  above  mean  sea-level  in  New  York  harbor. 

No  special  information  can  be  given  here  as  to  the  manner  in  which  the  fall  of  the  upper  river  is  distributed, 
other  than  that  aftbrded  by  the  table  above.    The  fall  is  certainly  very  rapid,  amounting  to  about  04  feet  per  mile 
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on  the  average  from  lake  Tear-ofthe-Glouds  to  l^Torth  creek,  iu  which  distance  the  stream  loses  nearly  80  per  cent, 
of  its  altitude  above  tide,  descending  3,341  feet  in  say  52  miles.  From  the  mouth  of  ISTorth  creek  to  the  mouth  of  the 
Sacondaga  the  descent  is  445  feet  in  32  miles,  or  nearly  14  feet  per  mile ;  it  is  neither  uniform  nor  made  up  of  sudden 
pitches,  but  is  distributed  among  rapids  which  diminish  in  frequency  as  the  Sacondaga  is  approached.  Thence,  in 
the  26  miles  to  Fort  Edward,  the  river  loses  418  feet  more  of  its  elevation,  or  an  average  of  something  over  16  feet  to 
the  mile,  but  of  this,  175  feet  is  comprised  within  the  three  abrupt  pitches  at  Palmer,  Glens,  and  Baker's  falls, 
while  most  of  the  remainder  occurs  in  the  rapids  between  Jessup's  Landing  and  the  Ox-bow  above  Glens  Falls. 
From  Fort  Edward  to  Troy  the  fall  is  comparatively  small,  being  but  116  feet  in  40  miles,  or  2.9  feet  per  mile. 
Below  Troy  the  Hudson  is  a  tidal  river,  with  an  oscillation  at  that  point,  due  to  tides,  of  about  2  feet,  and  a  fall  from 
mean  low  water  at  Albany  to  mean  low  tide  at  Governor's  island  of  only  4.2  feet,  (a) 

From  the  mouth  to  the  city  of  Hudson  the  river  is  navigable  for  first-class  ocean  vessels,  and  to  Troy  for  vessels 
of  less  draught.  The  only  important  obstructions  to  ordinary  navigation  lie  between  New  Baltimore  and  Troy,  and 
in  1880  consisted  of  14  bars,  5  above  and  9  below  Albany,  with  wat*  depths  of  from  8  to  11  feet.  Much  work  has 
been  performed,  both  by  the  national  government  and  by  the  state  of  New  York,  for  the  improvement  of  the  river, 
and  from  June,  1866,  to  June,  1881,  the  former  expended  $900,000  for  that  purpose.  In  the  upper  part  of  the  city 
of  Troy  the  state  has  a  dam,  the  first  encountered  on  the  river,  through  the  pool  of  which  canal-boats  bound  north 
ascend  to  Waterford,  where  they  enter  the  Cham  plain  canal.  This  follows  up  the  west  bank  of  the  river  to  a  point 
about  2  miles  above  Schuylerville,  where  it  crosses  in  the  pool  of  the  Saratoga  dam  to  the  east  side,  on  which  it 
continues  to  Fort  Edward ;  it  then  leaves  the  river,  and  striking  to  the  northeast  passes  on  to  Whitehall,  at  the 
head  of  lake  Champlain.  There  is  thus  afforded  a  water-transportation  route  about  400  miles  in  length,  from  New 
York  city  to  the  Saint  Lawrence,  the  business  of  which  is  large  and  is  said  to  be  increasing.  Except  in  connection 
with  the  canal  to  the  slight  extent  mentioned,  the  Hudson  is  not  employed  for  navigation  above  Troy.  A  portion 
of  its  upper  course  is  rendered  accessible  by  the  Adirondack  Company's  railroad,  which  runs  northerly  from  Saratoga 
Springs  and  follows  the  west  bank  of  the  river  at  present  as  far  as  North  Creek. 

Drainage  areas  of  the  Hudson  river. 


Locality. 


Below  tlie  mouth  of  K"ortli  creek 

Below  the  mouth  of  Schroon  river 

Below  the  mouth  of  S.icoDcI.iga  river. 

Palmer  falls 

Glens  Talis 

Champlain  Canal  crossing 

Schuylerville,  above  Fish  creek 

Mecbanicsville 

Troy 

Albany 

Above  the  mouth  of  Kondout  creek. . 
Mouth  of  Hudson  river 


Sq.  miles. 


753 
1,457 
2,626 
2,650 
2,710 
2,904 
3,360 
4,470 
8,034 
8,200 
10,  500 
13i  366 


Note.— Drainage  areas  in  the  Hudson  Eiver  basin  have  been  measured  by  plauimeter  on  French's  map  of  New  York. 

Excepting  that  of  the  Delaware,  the  basin  of  the  Hudson  contains  a  greater  population  in  proportion  to  its  size 
than  any  other  important  river  basin  in  the  United  States.  According  to  the  statistics  of  Mr.  Henry  Gannett,  the 
aggregate  number  of  inhabitants  increased  from  about  1,964,000  in  1870,  to  2,280,000  in  1880,  or  from  an  average 
of  148  to  172  per  square  mile.{&)  This  population  is  largely  concentrated  along  the  great  highway  of  traSic  which 
follows  the  valley  of  the  Mohawk  from  the  west  and  then  continues  down  the  lower  Hudson.  In  the  vicinity  of 
Troy  there  is  a  dense  settlement,  comprising  within  the  limits  of  that  city,  Cohoes,  and  the  villages  of  West  Troy 
and  Lansingburg,  about  92,000  inhabitants.  Albany  has  90,000,  Poughkeepsie  20,000,  Newburg,  18,000,  Hudson 
8,700 ;  and  all  along  the  river  between  Albany  and  the  mouth  are  scattered  villages  ranging  from  four  or  five 
thousand  inhabitants  downward,  while  surrounding  the  mouth  of  the  river  there  is  one  great  hive  of  population, 
including  about  1,900,000  souls  within  the  three  cities  of  New  York,  Brooklyn,  and  Jersey  City.  Ascending  above 
the  mouth  of  the  Mohawk  there  are  met  in  turn  the  following  principal  villages  on  the  main  river:  Waterford, 
1,800  inhabitants;  Mecbanicsville,  1,300 ;  Stillwater,  900;  Schuylerville  and  Victory  Mills,  2,700 ;  Port  Edward, 
3,000;  Sandy  Hill,  2,500,  and  Glens  Falls,  4,900.  Above  Glens  Falls  the  course  of  the  river  lies  through  the 
mountains,  in  a  contracted  and  often  extremely  rugged  ^'alley,  showing  occasional  small  villages,  but  ill-suited  to 
extensive  settlement. 

After  cutting  its  way  through  the  rocky  barriers  which  obstruct  its  passage,  in  the  last  important  instance 
at  Sandy  Hill,  the  Hudson  settles  peaceably  down  into  its  final  southerly  course  and  foUoM's  along  that  great 

a  Report  of  the  Chief  of  Engineers  U.  S.  Army,  1873,  page  154.  ^ 

b  The  drainage  area  l)eing  assumed  slightly  less  than  as  given  above. 
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depression  -which  extends  almost  due  uotth  and  south  between  New  York  bay  and  the  Saint  Lawrence,  and  which 
offers  such  splendid  facilities  for  commerce.  It  now  runs  with  clear  blue  waters  through  an  open  and  charming- 
valley,  bordered  by  cultivated  farms  and  thriving  villages,  lor  the  location  of  which  the  topography  is  finely 
adapted,  the  country  rising  with  moderate  slope  from  the  ri\er  to  the  summits  of  high  hills.  Descending  20  or  30 
miles  below  Albany,  the  Catshill  mountains  rise  boldly  into  view  on  the  right,  and  thence  to  the  mouth  the 
immediate  valley  is  flanked  by  hills  of  considerable  height,  the  Highlands  of  Orange  county,  and,  still  farther 
south,  the  precipitous  faces  of  the  Palisades,  forming  especially  noticeable  features  of  scenery  on  the  west  side. 

Although  the  Hudson  drains  a  total  area  of  13,366  square  miles,  yet,  so  far  as  regards  water-power  on  the  main 
river,  excepting  the  single  case  of  the  state  dam  at  Troy,  which  is  below  the  mouth  of  the  Mohawk,  there  is  to  be 
■considered  only  a  tributary  region  of  about  4,500  square  miles.  The  southern  portion  of  this  is  hilly,  moderately 
wooded,  well-settled,  and  devoted  in  the  open  country  to  the  raising  of  grain,  peas,  beans,  flax,  and  potatoes,  to 
stock-raising,  dairying,  and  wool-growing.  But  probably  three-quarters  of  the  area  drained  above  the  Mohawk  is 
mountainous  in  character,  heavily  wooded  in  general,  and  dotted  with  numerous  lakes  and  ponds.  The  elevated 
region  seems  to  reach  its  culmination  in  Essex  county,  at  the  head-waters  of  the  Hudson  and  Au  Sable  rivers.  Of 
the  three  peaks  which  stand  like  sentinels  about  lake  Tear-of-the-Clouds,  the  most  elevated  lakelet  source  of  the 
Hudson,  mount  Marcy  towers  to  a  height  of  5,344  feet  above  tide;  mount  Skylight,  4,890;  and  Gray  peak,  4,902. 
The  whole  surrounding  district  is  broken  up  by  rugged  mountain  masses,  a  large  number  of  peaks  attaining 
altitudes  of  3,000,  4,000,  and  in  several  instances  nearly  5,000  feet.  The  rocks  belong  to  the  oldest  formation,  and 
are  mainly  granite,  gneiss,  and  mica-schist;  they  contain  extensive  deposits  of  the  most  valuable  magnetic  iron  ore. 

Save  the  rocky  summits  of  the  higher  mountain  peaks  and  their  more  precipitous  slopes,  the  whole  region 
known  as  the  "  Northern  Wilderness"  was  originallj'  covered  with  magnificent  forests  of  pine,  spruce,  and  hemlock. 
To  a  large  extent  these  still  remain  unbroken,  but  it  is  only  in  the  remoter  districts  that  this  holds  true,  and 
elsewhere  the  lumbermen  have  made  sad  inroads.  Although  tbe  forests  are,  for  the  sake  of  the  lumber  they  furnish 
alone,  a  grand  resource  aud  have  proved  a  mine  of  wealth  to  the  state,  yet  in  so  far  as  concerns  the  river  the 
operations  of  cutting  and  preparing-  the  timber  are  from  beginning  to  end  i)rejudicial.  In  a  region  such  as  that 
which  the  upper  Hudson  drains,  with  its  steep,  rocky,  and  impervious  slopes,  either  immense  artificial  reservoirs, 
er  the  natural  reservoir  and  regulator  afforded  by  a  general  covering  of  vegetation,  are  absolutely  necessary  to 
insure  the  constancy  of  the  streams.  Little  regard,  however,  seems  to  be  paid  to  any  such  consideration  by  those 
engaged  in  the  business  of  lumbering.  The  trees  are  cut  apparently  without  discrimination  and  the  branches  are 
left  to  cumber  the  ground.  Forest  fires  become  started  and  spread  with  great  rapidity  through  the  tinder-like 
material.  The  very  soil  is  thus  so  parched  and  burned  that  it  cannot  renew  its  covering  of  vegetation,  and  the 
surface  presents  a  most  desolate  and  forbidding  appearance.  Robbed  of  the  protecting  mantle  of  the  forests, 
the  winter  snows  are  exposed  to  the  direct  rays  of  the  sun,  and,  instead  of  acting  as  conserving  reservoirs,  are 
liable  to  precipitate  sudden  and  disastrous  freshets  in  the  streams  to  which  they  drain.  The  rains  of  the  warmer 
jseasons  drain  more  quickly  than  before  into  the  water-courses,  the  ground  then  speedily  dries  and  the  streams 
sink  away.  Thus  a  liability  on  the  one  hand  to  heavier  freshets,  and  on  the  other  to  lower  water,  tends  to 
increase  those  fluctuations  of  volume  which  were  troublesome  enough  under  natural  conditions.  Mr.  Colvin 
states  that  "  the  burnt  region  on  the  Boreas  river  and  upper  Hudson  alone  covers  au  area  of  from  40,000  to  60,000 
acres  of  rolling  semi-mountainous  lands;  desolate  with  burnt,  blackened  logs;  ghastly,  barkless,  dead  timber 
standing,  and  a  partial  undergrowth  of  worthless  birch,  aspen,  and  alder  brush". 

In  order  to  float  the  logs  down  stream  advantage  is  taken  of  high  water,  which  is  artificially  augmented  and 
prolonged  by  "tripping",  or  drawing  upon,  certain  of  the  lakes  that  have  been  dammed  for  this  purpose.  Having 
been  drawn  down,  no  further  attention  is  paid  to  them  for  the  season.  They  gradually  fill  up  again,  tend  to  hold 
back  the  needed  summer  supplies  from  the  streams,  and  as  thus  managed  are  evidently  entirely  valueless  as 
reservoirs,  increasing,  rather  than  reducing  as  they  should,  the  extremes  of  high  and  low  water.  Nor  do  the 
disadvantages  to,  which  the  Hudson  is  subjected  at  the  hands  of  the  lumbermen  come  to  an  end  till  the  manufacture 
of  the  lumber  has  been  finally  completed.  At  various  points  along  its  course  from  Glens  Falls  down  to  the 
Saratoga  dam  immense  numbers  of  logs  are  annually  sawed  and  great  quantities  of  sawdust  and  slabs  are  thrown 
into  the  river,  the  channel  of  which  becomes  thereby  seriously  clogged.  The  sawing  season  on  the  Hudson 
includes  within  its  limits  about  eight  months  of  the  year,  the  winter  not  being  availed  of  for  that  ])urpose,  as  it  often 
is  on  the  Connecticut;  but  for  from  two  and  one-half  to  three  months  out  of  the  eight  mauy  of  the  mills  are  stopped, 
either  partially  or  entirely,  by  low  water.  Glens  Falls  is  the  most  important  i)oint  on  the  river  for  this  industry,  but 
there  are  also  large  mills  at  Sandy  Hill,  Port  Edward,  and  near  Schuylerville.  No  accurate  statistics  regarding 
the  amount  of  lumber  annually  sawed  on  the  Hudson  are  at  hand;  it  varies  widely  in  different  years,  but,  judging 
from  such  figures  as  were  stated  by  the  mill  owners,  it  cannot  fall  far  short,  in  an  average  year,  of  90,000,000  of 
100,000,000  feet  at  the  nine  or  ten  principal  mills  from  the  Glens  Falls  feeder-dam  to  the  Saratoga  dam. 

Scarcely  any  recorded  measurements  exist  of  the  discharge  of  the  Hudson  which  have  suflicient  accuracy  and 
definiteness  regarding  stage  of  water  to  be  of  great  practical  value  in  determining  its  water-power.  The  flow  is 
artificially  depleted  at  two  points  by  withdrawals  for  feeding  the  Champlain  canal.  From  above  the  village  or 
Olens  '^''ii^  o  foo/qoT.  «r>ono  frr.Tn  the  rivcr  and  follows  down  the  left  bank,  striking  the  main  canal  to  the  southeast 
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©f  Sandy  Hill.  It  is  7  miles  long,  and  feeds  both  ways  from  the  summit  level  of  the  canal— northward  toward 
lake  Champlain  and  southward  down  the  Hudson  valley— supplying  water  to  about  23  miles  of  its  length. 
October  1, 1878,  a  measurement  was  made  to  determine  the  amount  withdrawn  from  the  river  by  this  feeder,  which 
was  found  to  be  234  cubic  feet  per  second,  (a)  About  20  cubic  feet  per  second  of  this  is  lost  by  leakage  in  the 
feeder,  and  is  probably  returned  quite  directly  to  the  river.  At  Saratoga  dam  the  river  is  again  drawn  upon  to 
supply  whatever  water  is  necessary  for  the  canal  in  the  24  miles  thence  to  Waterford,  where  it  opens  out  into  the 
state  pool  in  the  Mohawk,  opposite  Cohoes.  Fo  statement  as  to  the  amount  withdrawn  at  the  Saratoga  dam  has 
been  observed,  but  in  his  report  upon  the  upper  Hudson,  Mr.  Farrand  N.  Benedict  estimates  the  total  amount  diverted 
for  feeding-purposes  above  Waterford  at  about  330  cubic  feet  per  second.  (6) 

At  Palmer  falls  there  is  a  favorable  opportunity  for  determining  the  low-water  discharge,  and  observations 
have  been  made  at  various  times  by  Mr.  Warren  Curtis',  superintendent  of  the  Hudson  Eiver  Pulp  &  Paper 
Company.  Mr.  Curtis  states  that  the  average  low  flow  at  that  place,  or  for  say  the  four  months  of  least  volume, 
is  not  far  from  400  or  500  cubic  feet  per  second,  and  that  for  one  or  two  months  it  is  not  more  than  from  200  to  250 
cubic  feet  per  second.  October  28,  1882,  a  measurement  was  made  which  indicated  a  discharge  of  about  390  cubic 
feet  per  second. 

November  1, 1874,  when  the  river  was  "almost  at  its  minimum  navigable  stage",  the  volume  was  measured  by 
Mr.  Benedict  at  a  point  1  mile  above  Waterford,  and  found  to  be  2,020  cubic  feet  per  second.  Estimating,  as 
before  said,  330  cubic  feet  to  be  diverted  for  feeding  the  Champlain  canal,  he  considered  the  normal  flow  at  the 
time  to  be  2,350  cubic  feet  per  second. 

In  the  report  of  the  United  States  board  of  engineers  concerning  the  improvement  of  the  Hudson  Eiver 
navigation,  (c)  occurs  the  following  remark : 

It  seems  that  the  discharge  of  the  Hudson  Kiver  water  between  Troy  and  Albany,  at  its  low  stage,  is  only  about  2,000  cubic  feet  per 
second,  the  mean  being  about  10,000  cubic  feet,  while  during  freshets  the  wharf  streets  of  the  capital  are  flooded. 

These  various  data  may  be  thus  summarized : 

Data  concerning  the  flow  of  the  Hudson  river. 


Locality. 

Stage  of  river. 

,  Drainage 
area. 

Flow  per 
second. 

Flow  per 

second 

per  square 

mile. 

Kemarks. 

Palmer  falls 

Average  flow  for  say  four  lowest  months. . 
Average  flow  for  one  or  two  lowest  months. 
October  28  1882 

Square  miles. 

[           2, 650 

1 

(•           4, 517 

About  8, 100 

Cubic  feet 
f    400-500 
J     200-250 
1            390 
f         2, 020 

1         2, 350 

2,000 

Cubic  feet. 

0. 151-0. 189 

0. 075-0.  094 

0.147 

0.447 

0.620 

0.247 

Flow  as  estimated  by  Mr.  Warren  Curtis. 

Do 

Do. 

Do                    

Measurement  by  Mr.  Cnrtis. 

Actual  discbarge,  as  measured  by  F.  N.  Benedict 
of , the  United  States. 

Normal  estimated  discharge,  including  330  cubic 
feet  per  second  withdrawn  by  feeders  above. 

Discbarge  as  given  in  report  of  the  United  States 
board  of  engineers. 

One  mile  above  Waterford 

Do   

Eiver  almost  at  minimum  navigable  stage. 
do 

Between  Troy  and  Albany  . . . 

s 


Mr.  Benedict  was  of  opinion  that  the  annual  rainfall  on  the  upper  basin  of  the  Hudson  is  as  great  as  64  inches, 
although  he  assumed  only  58  inches  in  his  calculations  for  a  reservoir  system.  Mr.  Colvin  employs  an  assumed 
rainfall  of  40  inches  in  his  estimates  as  to  the  capacities  of  the  streams  in  this  region,  and  considers  that  figure 
to  be  under  the  truth.  There  are  no  published  records  of  rainfall  observations  in  the  Adirondack  region  suflcient 
to  determine  with  any  accuracy  the  annual  precipitation.  The  Smithsonian  tables  embrace  valuable  data  for 
a  large  number  of  stations  immediately  surrounding  this  section,  but  none  iu  the  interior.  The  results  of 
observations  at  ■^  few  of  these  points  are  as  follows : 

Rainfall  on  the  outskirts  of  the  Adirondack  region. 

[From  Smithsonian  records.] 


Locality. 

County. 

Eleva- 
tion 
above 
tide. 

Years 
of  obser- 
vation. 

Spring. 

Summer. 

Autumn. 

Winter. 

Tear. 

Feet. 
186 
394 
846 
835 
250 
250 

18 
20 
23 
10 
12 
IB 

Inches. 
7.65 
6.20 
6.96 
12.82 
9.75 
7.38 

Inches. 
9.63 
10.15 

10.04 

14.78 

11.82 

9.59 

Inches. 
9.18 
8.38 
9.09 
13.25 
9.65 
8.59 

Inches. 
5.62 
3.90 
7.46 
13.05 
9.15 
5.96 

Inches.  . 
31.98 
2a  63 
33.55 
53.90 
40.87 
31.52 

Saint  Lawrence... 
Lewis 

Lowville 

South  Trenton 

Fulton       

Granville 

Washington 

a  Report  of  the  Superinttndent  of  Public  Works  for  the  year  ending  September  30,  1878,  page  47.  Of  the  234  cubic  feet  per  second,  126 
was  found  to  be  wasting  over  weirs  at  various  points  along  the  canal,  only  108  cubic  feet  being  actually  required  for  lockage,  leakage, 
evaporation,  etc. 

6  Report  on  a  Survey  of  the  Wafers  of  the  Upper  Hudson  and  Raquette  Rivers,  1874. 

r.  Pennrt  nf  the.  f'hip.f  nf  Knnirtfifrs  TJ.  .S.  Arm)l.  1H80. 
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It  ■we  take  the  average  of  observations  for  a  dozen  stations,  forming  a  circuit  about  the  district  that  is  now 
imder  consideration,  the  rainfall  is  found  to  be  about  8^  iucLes  in  spring,  11  in  summer,  10  in  autumn,  7J  in  winter, 
and  37  for  the  year;  but  these  amounts  undoubtedly  increase  as  the  elevated  country  about  the  head-waters  of  the 
Hudson  is  approached. 

Notwithstanding  that  the  annual  precipitation  is  of  fair  amount,  and,  as  indicated  above,  is  favorably  distributed 
through  the  year,  being  greatest  in  the  summer  and  autumn  when  the  demands  of  evaporation  are  most  heavy, 
still,  if  the  data  that  have  been  given  for  flow  are  correct,  it  is  evident  that  the  low-water  discharge  of  the  river  is 
quite  small  considering  the  nature  and  extent  of  country  drained,  apparently  sinking  to  about  0.25  cubic  foot  per 
second  per  square  mile  of  drainage  area  at  and  below  the  mouth  of  the  Mohawk,  and  probably  falling  below  0.10 
cubic  foot  at  Palmer  falls.  The  full  explanation  of  this  can  only  be  surmised.  It  may  be  due  in  part  to  the  steep 
and  impervious  character  of  the  rocky  drainage  slopes  in  the  mountains,  in  part,  undoubtedly,  to  the  clearing  away 
of  the  timber,  and  in  part  to  the  slight  extent  to  which  the  tributary  lakes  are  availed  of  for  keeping  up  the 
summer  flow,  their  management  for  logging-purposes  having,  as  has  been  seen,  rather  the  reverse  effect.  It  is  not 
impossible,  also,  that  there  may  be  considerable  loss  of  water  at  points  through  the  rock  substrata.  The  extensive 
leakage  from  the  canal-feeder  at  Glens  Falls  illustrates  how  this  might  take  place. 

It  is  without  question,  however,  that  the  low-water  volume  of  the  Hudson  might  be  very  greatly  improved  by 
the  construction  of  reservoirs  in  its  upper  basin.  The  facilities  for  such  works  are  unsurpassed.  The  entire  region 
is  dotted  and  interlaced  by  ponds  and  lakes,  many  of  them  of  large  size  and  fed  from  extensive  drainage  areas. 
It  may  be  judged  how  numerous  these  are  from  the  fact  that  although  a  great  many  are  indicated  on  the  state  maps, 
yet  iu  his  report  of  1874  the  superintendent  of  the  Adirondack  survey  announced  the  discovery  of  200  ponds  and 
lakes  not  before  represented  on  maps.  Ou  the  map  of  the  upper  waters  of  the  Hudson  and  Eaquette  rivers, 
accompanying  the  report  of  Benedict's  survey,  not  less  than  175  ponds  and  lakes  are  shown  tributary  to  the 
Hudson  above  Indian  river,  and  the  Eaquette  above  and  including  Jordan  river.  All  the  principal  affluents  of 
the  Hudson,  at  least  above  Troy,  receive  important  accessions  from  lakes.  In  the  absence  of  accurate  and  detailed 
maps  it  Is  not  practicable  to  give  special  information  here  regarding  most  of  these,  but  concerning  the  principal 
sheets  of  water  available  for  reservoirs  above  Indian  river  reliable  data  have  been  afforded  by  the  survey  above 
referred  to,  and  are  briefly  presented  iu  the  following  table: 

Principal  reservoir  sites  at  the  head-waters  of  the  Hudson  river  (above  Indian  river),  as  determined  in  a  survey  by 

Mr.  Farrand  N'.  Benedict  in  1874. 


Name  of  proposed 
reservoir. 

EleTation 
above 
tide. 

Drainage 
area. 

Natural 
surface. 

Flowage. 

Total 
surface 
of  reser- 
voir. 

Capacity. 

Estimated 
supply 

per  second 
for  100 
days. 

Esti- 
mated 
cost  of 
dam. 

Remarks. 

Blue  Mountain  late 

Feet. 
1,771 

1,745 
1,726 

Sq.  miles. 
39.2 

94.1 

39.8 

8.6 

155.4 

Acres. 
2,500 

5,300 

1,620 

640 

3,000 

Acres. 
160 

1,500 
510 
160 

4,575 

Acres. 
2,660 

6,800 

2,130 

800 

7,575 

640 
1,540 
1,000 

1,320 

Ft. 
10 

10 
7 
8 

20 

10 
18 
20 

15 

12 
15 

Cubic  feet. 
1, 158,  696,  000 

2,  779, 128,  000 
609,  840,  000 
250,  905,  600 

5,912,834,400 

278, 784, 000 
815,  443,  200 
609,  840,  000 

627,  264,  000 

209,  088,  000 
483,  516,  000 

Cubicfeet. 
134 

321 
70 
29 

684 

32 
94 
70 

73 

24 
56 

$7, 300 

6,600 

*> 
5,600 

2,100 

a  14,  000 

* 

Reservoir  includes  the  three  lakes,  TJtowana;. 
Eagle,  and  Bine  Mountain ;  lies  naturally  in< 
Eaquette  basin,  but  via  Long  lake  can  be  di- 
verted to  the  upper  Hudson.   Estimated  that^ 
winter  and  spring  drainage  would  fill  reser- 
voir 1.87  time. 

Waters  proposed  to  be  diverted  from  Eaquette 
river  to  Hudson.    Estimated  that  winter  and 
spring  drainage  will  fill  reservoir  1.87  time. 

Waters  to  be  diverted  from  Eaquette  to  Hud- 
spn.  Estimated thatwinter  and  springdrain-.- 
age  will  fill  reservoir  3.6  times. 

Tributary  to  Forked  lake.     Estimated  thar 
winter  and  spring  drainage  will  fill  reservoir  ■ 
1.88  time. 

This  lake  naturally  drains  through  the  Ea-- 
quette  river,  but,  by  cutting  a  canal  across  a 
low  divide,  can  be  ctjnnected  with  Round 
pond,  and  thus  be  made  tributary  to  the  Hud- 
son.   Estimated  cost  of  bulkhead,  canal,  and 
outlet  through  slough  at  foot  of  lake,  $154,600. 
Estimated  that  winter  and  spring  drainage  ■ 
will  fill  reservoir  1.050  time. 

From  Round  pond  te  Catlin  lake  there  is  a  fall : 
of  35  feet  in  about  4,000  feet. 

Estimated  that  winter  and  spring  drainage  will , 

fill  reservoir  2.1  times. 
Northern    shore   heavily   wooded;    southern 

1,614 

1,618 
1,  .588 
1,549 

1,540 

Jlonnd  pond 

fJatlin  late 

31.1 
l     67.1 

1,040 
1-        600 

I         720 

500 
400 

600 

22,  000 
28, 600 

16,  700 

6,800 
13,  800 

Rich  lake 

cleared.    Outlet  narrow  and  rocky,  with  bold 
shores.    Proposed  dam  would  flow  about  200  > 
acres  of  improved  land. 
Estimated  that  winter  and  spring  drainage  wilL' 

fill  Rich  and  Harris  Lake  reservoirs  about 
3  times.    Hariis  lake  is  the  lowest  member 
of  a  chain  composed  of  those  lakes  mentioned 
above. 

Newcomb  lake 

1,699 

30. « 

640 

200 

840 

Estimated  that  winter  and  spring  drainage  will ; 

fill  reservoir  3.5  times.    This  lake  is  sur- 
rounded by  high  mountains  on  every  side  ex- 
cept the  east. 

"  Total  cost  of  Long  Lake  improvement  estimated  by  Mr.  Benedict  at  $196,600. 
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Principal  reservoir  sites  at  the  head-waters  of  the  Hudson  river  {above  Indian  river),  efc— Continued. 


Name  of  proposed 
reservoir. 

Elevation 
above 
tide. 

Drainage 
area. 

Natural 
surface. 

Flowage. 

Total     ^^ 
surtace    o  -g 
of  reser-  ^  > 

TOir.      "^« 

P 

Capacity. 

Estimated 
supply 

per  second 
for  100 
days. 

Esti- 
mated 
coat  of 

dam. 

Remarks. 

Feet. 

Sq.  miles. 
57.3 

14.9 
0.35 

7.8 

Acres. 

Acres. 

Acres. 
2,000 

1,980 

Ft. 
15 

10 
6 

12 

12 
10 
10 
10 
12 
12 
12 
10 
10 
10 
11 
11 
10 

Cubic  feet. 
1,  306,  800, 000 

862,  483,  COO 
83,  635,  200 

250,  905,  600 

188, 179,  200 
217,800,000 
196,  020,  000 

87, 120,  000 
167,  270,  400 
125,452,800 
104,  544,  000 
209,  088,  000 

87, 120,  000 
217,  800,  000 
268,  746,  400 
182,  080,  800 
139,  392,  000 

Cubic  feet. 
151 

100 
10 

29 

22 
25 
23 
10 
19 
14 
12 
24 
10 
25 
30 
21 
16 

$24, 700 

6,000 
7,900 

8,800 

5,000 
7,000 
5,000 
5,900 
3,300 
4,400 
3,100 
4,100 
3,900 
3,200 
4,100 
5,500 
4,772 

Estimated  that  winter  and  spring  drainage  will 

1,680 
320 

300 

fill  reservoir  2.4  times.    Advantages  for  dam 
notso  ^ood  as  at  some  of  the  other  sites.    In- 
cludes lake  Pandford. 

Estimated  that  winter  and  spring  drainage  will 

lack  5  per  cent,  of  filling  the  reservoir. 
Keservoir  to  he  formed  by  dam  on  Goodenow 

480 

river.     Estimated  that  winter  and  spring 
drainage  wUl  fill  resei-voir  4.13  times. 

Reservoir  to  be  formed  by  dam  on  Goodenow 

voir. 

1,769 
1,691 

river.     Estimated  that  winter  and  spring 
drainage  will  fill  reservoir  1.72  time. 

1 

>  Drain  to  Long  lake. 

J 

Tributary  to  Catlin  chain  of  lakes. 

■) 

* 

[  Drain  through  central  or  mountain  branch  of 
f    Hudson. 

1 

■  Drain  to  Raquette  lake. 

Third  Sergeant  pond 

>  Drain  to  Forked  lake. 

*Cary  pond 

18,419,781,600 

2,128 

a  229, 172 

a  Aggregate  cost  of  improvements,  including  $14,800  for  dam  to  control  Little  Tupper  lake  (designed  in  Mr.  Benedict's  plan  to  be  used  as  a  reserve  for  both  the 
^Hudson  and  Raquette  rivers),  and  a  total  of  $196,600  for  Long  lake,  placed  at  $426,572. 

It  is  thus  seen  that  at  an  estimated  expense  of  between  $400,000  and  $500,000  a  probable  supply  of  about  2,000 
cubic  feet  per  second  from  storage  alone  may  be  assured  to  the  Hudson  above  the  mouth  of  Indian  river  during  three 
months  or  more  of  the  dry  season.  It  is  a  remarkable  fact  that,  owing  to  the  peculiar  topography  of  the  summit 
region  about  the  adjacent  sources  of  the  Hudson  and  Eaquette  rivers,  a  reservoir  capacity  of  over  10,000,000,000 
■cubic  feet,  properly  belonging  to  the  latter  stream,  may  easily  be  diverted  to  the  former.  The  particular  reservoir 
sites»that  have  been  mentioned  pertain  to  the  extreme  upper  waters  of  the  main  Hudson,  but  upon  all  its  principal 
tributaries  below — the  Cedar,  Indian,  Boreas,  Schroon,  and  Sacondaga— there  are  abundant  opportunities  for 
■extensive  storage.  In  Mr.  Benedict's  report  a  list  is  given  of  12  lakes  and  ponds  in  the  Schroon  Eiver  basin  suitable 
for  reservoirs,  with  an  aggregate  area  of  over  12,000  acres,  a  capacity  of  5,900,000,000  cubic  feet,  and  which  are- 
cstimated  capable  of  furnishing  together  a  supply  of  at  least  600  or  700  cubic  feet  per  second  during  100  days. 
Piseco  lake,  in  the  upper  waters  of  the  Sacondaga  river,  covering  about  4  square  miles,  as  represented  on  French's 
map,  is  controlled  for  log-driving  purposes.  Indian  lake,  tributary  to  Indian  river,  also  having  an  area  of  4  square 
miles,(a)  is  provided  with  a  dam  at  the  outlet,  but  the  structure  is  poor  and  leaky,  and  the  lake  does  not  usually 
fill.  Still,  as  it  is,  the  water  being  held  back  longer  than  in  most  of  the  lakes,  Indian  lake  affords,  when  "  tripped" 
during  the  summer,  about  ten  days  of  good  sawing  at  Glens  Falls.  Although  the  building  of  reservoirs  in  the  upper 
waters  would  benefit  all  the  hydraulic  powers  on  the  course  of  the  river  below,  it  does  not  seem  probable  that  theii 
construction  will  be  attempted  by  private  capital.  The  mill-owners  consider-that  the  state  would  receive  as  much 
advantage  from  reservoirs,  by  reason  of  the  improvement  of  low-water  navigation  below  Troy,  as  any  private  interest 
would  receive,  and  are  not  disposed  to  invest  their  own  capital  in  such  enterprises  so  long  as  there  is  a  possibility 
that  they  may  be  undertaken  as  public  works. 

Above  Glens  Fall's  the  largest  tributaries  of  the  Hudson  are  the  Schroon  and  Sacondaga,  the  former  entering 
from  the  east  and  the  latter  from  the  west.  Between  Glens  Falls  and  Troy  the  Batten  Kil  and  Hoosac  river  are 
received  from  the  east  and  the  Mohawk  from  the  west.  BeJow  Albany  the  main  river  is  joined  from  either  side  by 
numerous  tributary  creeks,  of  which  the  most  important  in  point  of  drainage  area  is  the  Eondout. 

The  bed  of  the  river  above  Troy  is  almost  everywhere  firm,  and  is  generally  composed  either  of  solid  rock  at 
the  surface,  or  of  rock  overlaid  to  a  moderate  depth  by  gravel.  The  banks  are  firm  and  of  good  height.  The 
stream  usually  sinks  lowest  in  August  and  September,  and  is  regularly  visited  by  freshets  in  the  spring,  with  an 
occasional  considerable  rise  in  the  fall.  The  flood  heights  above  low  water,  as  given  in  a  report  by  Mr.  Samuel 
McElroy,(6)  range  from  13  to  18  feet  between  Troy  and  Fort  Edward,  but  it  is  reported  on  good  authority  that  within 
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a  By  m,ap  accoitipaDying  Benedict's  report. 

b  See  Aimital  Beport  of  the  Stale  Evginetr  ami  Survei/or  for  1867. 
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tbe  past  25  years  there  has  been  a  rise  of  22  feet  below  the  Troy  clam.  Severe  winter  weather  lowers  the  volume^ 
bnt  never  to  such  a  point  as  is  reached  in  summer  and  fall.  Anchor-ice  runs  heavily  at  tinjes,  and  is  especially 
complained  of  at  Fort  Miller.  Gorges  of  cake  ice  form  at  certain  favorable  points,  as  at  Troy  and  Fort  Miller,  and 
cause  considerable  trouble  by  backwater. 

The  present  use  of  water-power  on  the  Hudson  is  coiiUned  to  the  localities  of  Troy,  Stillwater,  the  Saratoga, 
dam.  Fort  Miller,  Fort  Edward,  Sandy  Hill,  Glens  Falls,  Palmer  falls,  and  Iladley.  between  Mechaiiicsville  and 
Stillwater  there  is  an  old  dam,  but  there  was  no  power  in  use  at  the  time  it  was  visited.  Opposite  the  upper  part  of 
the  former  village  a  fine  privilege,  commanding  the  flow  from  nearly  4,500  square  nxiles  of  drainage  area,  has  been 
developed,  and  a  splendid  dam  of  stone  has  been  nearly  completed.  The  manufacturing  on  the  river  by  water- 
power  is  mainly  limited  to  lumber,  paper,  and  wood-pulp,  to  which  the  connection  with  the  extensive  forests  in  the 
north  especially  adapts  it.  Although  below  Glens  Falls  the  available  sites  on  the  river  are  generally  occui>ied,  there 
is  yet  opportunity  to  establish  an  important  power  between  Waterford  and  Mechanicsville,  with  probably  18  feet  fall; 
immediately  below  the  Saratoga  dam  there  is  an  unimproved  fall  of  perhaps  8  feet,  and  at  Glens  Falls  one  of  15  feet. 
Above  Glens  Falls,  in  its  course  through  the  mountains,  the  river  is  but  slightly  developed,  and  presents  numerous, 
sites  that  might  be  improved  for  power. 

WATBE-POWEES   ON  THE   MAIN  EIVEE. 

Power  at  Troy. — This  privilege  is  located  at  the  head  of  tide-water,  the  tide  rising  and  falling  1  or  2  feet  at  the 
dam.  There  is  navigation  for  steamers  south  150  miles  to  New  York,  and  a  lock  at  the  east  end  of  the  dam  permits 
the  passage  of  canal-boats  to  and  from  Waterford,  at  the  entrance  to  the  Champlain  canal. 

The  dam  runs  across  between  the  upper  part  of  Troy,  which  is  on  the  east  bank,  and  Green  Island,  as  it  is 
called,  on  the  west  bank  of  the  Hudson.  It  curves  up  stream  slightly,  and  is  1,100  feet  long,  with  a  lift  of  10  feet 
at  low  water.  It  is  a  log  crib-work  filled  in  with  stone,  and  on  top  has  a  long  slope  of  30  or  35  feet  down  stream^ 
ending  in  a  vertical  face  a  few  feet  in  height;  the  sloping  top,  which  serves  also  in  part  the  purpose  of  an  apron,  ia 
covered  with  round  logs  laid  in  the  direction  of  flow.  This  dam  was  built  by  the  state  in  1826,  and  though  frequently 
repaired  since,  the  original  structure  still  stands,  but  evidently  permits  a  considerable  leakage  of  water.  It  abuts 
against  timber  facing  which  on  the  east  side  is  continued  down  past  the  mills.  The  nature  of  the  filling  opposite 
the  dam,  between  it  and  the  lock,  is  not  apparent. 

The  principal  use  of  power  is  on  the  Troy  side.  The  hydraulic  canal  there  opens  from  the  pool  a  short  distance 
above  the  lock  and  runs  about  1,200  feet,  approximately  parallel  to  the  river.  In  the  upper  portion  this  race  is  GO' 
feet  wide,  with  a  water-depth  of  7  feet.  For  700  feet  from  the  head  it  is  open  ;  it  then  contracts,  and  the  water 
passes  through  a  20  foot  arched  opening,  in  which  it  continues  the  rest  of  the  way,  the  diameter  of  the  opening 
growing  less,  however,  toward  the  end.  Near  the  head  of  the  race  there  was  once  a  wooden  bulkhead,  but  it  is  now 
entirely  in  ruins  and  can  not  control  the  flow  in  the  least.  There  is  a  waste- weir  or  some  sort  of  escape  in  the  lower 
part  of  the  canal,  but  there  being  no  head-gates  it  would  of  course  be  impossible  to  draw  down  the  canal  without 
building  a  coffer-dam. 

When  the  state  built  the  dam  it  reserved  the  right  to  all  water  necessary  for  lockage  and  slack-water  navigation 
to  Waterford,  and  leased  the  surplus.  Previous  to  1853  there  were  a  cotton  factory  and  a  number  of  flouring- 
mills  here,  but  they  were  destroyed  by  fire,  and  a  decline  in  the  flouring  interest  in  this  section  prevented  a 
continuance  of  that  business.  Power  is  now  used  on  the  east  bank  by  five  concerns.  These  are  associated  as  the 
Troy  Hydraulic  Company,  which  has  a  lease  directly  from  the  state,  for  999  years,  of  one-half  the  surplus  water  at 
this  dam.  Each  mill-owner  is  a  stockholder  in  the  company,  pays  his  water  rental  directly  to  it,  and  the  company 
in  turn  pays  to  the  state  according  to  the  terms  of  its  lease.  As  the  privilege  was  originally  laid  out,  the  hydraulic 
company  owned  lOJ  lots  lying  between  the  canal  and  the  river,  each  full  lot  having  60  feet  frontage  and  an  equal 
share  to  the  water  with  every  other  lot.  Every  lessee  therefore  controls  a  proportion  of  water  according  to  the 
number  of  lots  which  he  owns,  and  the  privilege  comes  to  be  divided  as  follows  on  the  Troy  side : 

Orrs  &  Co.,  manufacturers  of  printing,  book,  and  hanging  papers,  own  five-elevenths. 

Warren  Brothers  own  two-elevenths,  and  sublet  to  Manning  &  Paine,  manufacturers  of  manila  paper. 

George  M.  Tibbits'  estate  includes  one-eleventh,  the  property  being  sublet  to  William  Collins  for  a  sash  aud 
blind  factory. 

John  A.  Manning  owns  two-elevenths,  and  uses  the  power  in  a  manila  paper-mill. 

O.  Boutwell  &  Son  own  one  eleventh,  and  run  a  grist-mill. 

Although  the  power  is  thus  nominally  divided,  no  measurement  is  ever  made  of  the  water  actually  used.  The 
combined  volume  of  the  upper  Hudson  and  the  Mohawk  flows  past  this  point,  but  the  use  of  water-power  is 
nevertheless  subjected  to  several  disadvantages.  The  state  will  not  allow  the  pool  above  the  dam  to  be  drawn 
down  at  all,  as  it  is  necessary  to  preserve  suflcient  depth  for  slack-water  navigation  to  Waterford,  and  it  thus 
happens  that  the  mills  on  the  Troy  side  are  frequently  called  upon  to  shut  down  during  low  water.  Taking  the 
average  for  the  year,  it  is  claimed  that  a  fall  of  about  7  feet  is  realized  here.  The  extreme  head  available  in  low 
water  is  perhaps  3  or  4  inches  over  10  feet,  but  on  the  whole  the  fall  is  very  variable,  being  affected  by  three 
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causes:  First,  the  tide  produces  a  daily  oscaiatiou  of  1  or  2  feet.  Secoud,  tlie  fall  is  lessened,  and  sometimes 
entirely  destroyed,  by  freshet  backwater.  In  the  past  25  years  the  extreme  rise  in  the  river  below  the  dam,  as 
stated^by  Mr.  William  Orr,  has  been  22  feet  above  low-water  mark.  The  ordinary  rise  ranges  from  12  to  20  feet 
and  obliterates  nearly  all  fall  at  the  dam.  Observation  has  shown  that  for  every  foot  of  rise  above  the  dam  there  is 
about  2  feet  of  rise  in  the  river  below,  so  that  when  the  water-surface  reached  a  height  of  about  10  feet  above  the 
dam  the  river  would  be  flowing  smoothly  over  the  structure.  Very  high  water  does  not  last  more  than  a  few  days, 
but  for  a  month  the  backwater  is  sufficient  to  cause  more  or  less  trouble.  Third,  the  fall  is  similarly  lessened  by 
backwater  due  to  ice-gorges.  "Below  the  dam  the  river  is  wide  and  contains  extensive  gravel  flats.  At  various 
points  ou  these  flats,  and  sometimes  against  the  bridge-piers  between  there  and  Albany,  the  ice  collects  and  occasions 
serious  trouble  to  the  mills.  The  gorges  do  not  seem  to  break  up  readily,  as  on  most  rivers,  but  at  times  cause  a 
set-back  in  the  river  below  the  dam  lasting  for  several  weeks. 

On  the  whole,  it  is  estimated  that  in  an  average  year  the  mills  are  forced  to  shut  down  for  from  four  to  six 
weeks  from  the  various  causes  mentioned,  and  for  a  still  longer  period  their  power  is  somewhat  curtailed.  In  1873 
the  ice  started  down  the  river- January  17,  and  from  that 'time  till  February  5  no  power  was  available  at  this 
privilege  on  account  of  a  gorge  below. 

On  the  west  side  of  the  river  the  power  is  held  under  a  perpetual  lease  from  the  state  by  the  heirs  of  George 
M.  Tibbits,  deceased ,  who  also  own  a  valuable  river  frontage  extending  some  distance  down  stream  from  the  dam.  A 
small  amount  of  power  is  sublet  to  Orampton  &  Belden  and  M.  L.  Filley,  manufacturers,  respectively,  of  blinds  and 
stoves,  and  the  balance  remains  available  for  further  lease.  The  race  at  this  end  of  the  dam  is  short,  as  the  concerns 
noted  above  are  close  at  hand.  It  is  without  any  bulkhead,  and  in  winter  becomes  choked  with  ice  so  as  to  give  a 
great  deal  of  trouble.  As  the  power  used  is  much  less  than  on  the  Troy  side,  the  mills  are  seldom  shut  down  from 
low  water,  and  there  have  been  but  one  or  two  such  occurrences  in  ten  years.  In  1880  a  total  of  about  1,300  horse- 
power was  in  use  at  the  state  dam,  including  the  privileges  on  both  sides  of  the  river. 

From  Troy  to  Mechanicsville. — Ascending  from  Troy,  the  river  is  found  to  be  between  700  and  800  feet  wide  at 
Waterford  bridge,  and  is  there  subject  to  an  ordinary  spring-freshet  rise  of  6  or  8  feet,  while  in  the  fall  of  1868  or 
1869  it  rose  15  feet.  About  a  mile  above  Waterford  there  is  a  long  rocky  shoal,  and  another  from  2  to  2J  miles 
below  Mechanicsville.  Opposite  this  latter  shoal  the  west  bank  is  15  or  20  feet  high  and  succeeded  by  level  land; 
the  east  bank  is  lower,  and  beyond  it  is  a  meadow  perhaps  a  quarter  of  a  mile  in  width.  Generally  speaking,  the 
river  between  Waterford  and  Mechanicsville  is  wide  and  much  of  the  way  shallow,  and  contains  a  number  of  islands 
rocky  and  timbered.  This  portion  of  the  river  is  of  importance,  as  it  is  considered  that  still  another  power,  at  least 
equal  in  capacity  to  the  fine  one  just  improved  at  Mechanicsville,  can  be  established.  The  results  of  McBlroy's 
.survey  indicate  a  fall  froui  the  foot  of  Howland's  dam  above  Mechanicsville  to  mean  low-tide  below  the  state  dam 
at  Troy  of  01.75  feet  in  a  distance  of  13J  miles.  If  we  allow  4  feet  of  unimproved  fall  between  Howland's  dam  and 
slack- water  from  the  new  dam  below,  16  feet  fall  to  the  Mechanicsville  power,  and  10  feet  to  that  at  Troy,  there 
remains  31.75  feet  undeveloped  in  the  section  below  Mechanicsville.  A  certain  part  of  this  is  necessary  for  the . 
flow  of  the  river;  but  it  seems  probable  that  if  the  banks  prove  of  sufficient  height  a  fall  of  18  feet,  which  is  the 
amount  said  to  be  claimed  for  the  proposed  privilege,  could  be  obtained  without  difficulty. 

Estimate  ofpoicer  available  between  Troy  and  Mechanicsville. 


stage  of  river. 
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Power  at  Mechanicsville. — The  development  of  the  privilege  now  to  be  described,  by  the  Hudson  Eiver  Water 
Power  &  Paper  Company,  was  carried  on  during  the  year  1882,  and  by  the  latter  part  of  October  of  that  year  had 
been  far  advanced.  The  prime  movers  in  the  enterprise  were  Messrs.  Wilkinson  Brothers  &  Co.,  of  Xew  York 
city,  who  are  also  the  principal  shareholders. 

The  location  chosen  is  immediately  above  the  village  of  Mechanicsville,  where  the  river  is  crossed  by  rock 
ledges  and  has  banks  firm  and  of  good  height  on  each  side.  Ou  the  west  the  land  has  a  gentle  slope  beyond  the 
immediate  bank,  while  on  the  east  the  rise  from  the  river  is  succeeded  by  a  level  meadow.  Eocky  shoals  extend 
some  distance  up  stream,  and  also  run  somewhat  below  the  dam,  but  the  latter  is  near  their  foot,  and  no  material 
fall  is  gained  beyond  its  height.  An  excavation  for  the  east  end  of  the  dam  showed  the  bank  there  to  be  composed 
of  shale  to  within  a  few  feet  of  the  surface,  and  then  of  a  light  sandy  soil.  The  structure  rests  throughout  upon  slate 
rock  which  is  full  of  seams.  The  seams  are  not  open,  however,  so  as  to  permit  leakage  under  the  dam;  at  least 
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no  leakage  had  been  perceptible  nuder  a  head  of  6  or  8  feet,  and  it  was  not  anticipated  (hat  there  would  be  any. 
The  slate  remains  compact  and  firm  so  long  as  under  water,  but  upon  exposure  to  the  air  crumbles  into  fine  flakes 
and  splinters,  and  finally  forms  a  clayey  soil. 

The  facilities  for  constructing  a  dam  at  this  locality  were  excellent.  The  Champlaiu  canal  runs  along  the  west 
bank  biit  a  few  hundred  feet  from  the  river,  and  a  temporary  tramway  was  extended  directly  to  the  dam.  So 
convenient  were  the  arrangements,  that  it  was  possible  to  remove  a  stone  from  a  canal-boat  and  lay  it  in  position, 
1,500  feet  distant,  at  the  farther  end  of  the  dam,  in  five  minutes.  A  short  distance  beyond  the  Champlaiu  canal 
is  the  line  of  the  Boston,  Hoosac  Tunnel,  and  Western  railroad.  Close  at  hand  is  the  village,  well  built  up,  with 
stores  and  churches,  and  having  railway  communication  by  two  lines — the  one  just  mentioned  and  that  of  the 
Delaware  and  Hudson  Canal  Company. 

At  the  site  of  the  dam  the  river  was  naturally  of  pretty  uniform  depth  all  the  way  across,  ranging  from  1  to 
2  feet  in  low  Avater;  but  there  were  two  channels,  one  6  feet  deep  and  the  other  9  or  10  feet  deep  and  40  or  50 
feet  in  width.  Across  the  latter  channel  the  masonry  has  a  total  height  of  25  feet  and  an  equal  width  at  base. 
For  7  or  8  feet  down  stream  from  the  foot  of  the  dam  the  river-bed  has  been  blasted  out  to  an  average  depth  of  2 
feet  to  receive  an  apron  which  will  undoubtedly  be  added.  The  masonry  work  is  all  composed  of  a  blue  siliceous 
limestone  obtained  at.Sandy  Hill  and  brought  by  canal.  The  stone  is  said  to  answer  well  for  rough  work,  but  it 
is  difBcult  to  give  it  a  fine  finish.  Sand  was  jirocured  at  Sandy  Hill  and  at  other  points  less  remote,  but  little  or 
none  from  the  spot.  For  the  lighter  and  more  exposed  work,  such  as  the  bulkhead  piers,  Portland  cement  was 
used,  but  for  the  main  portion  of  the  dam  Eosendale  cement  was  employed. 

Construction  work  was  begun  at  the  west  end;  first  the  canal  walls  at  that  point  were  built,  then  the  bulkhead 
was  carried  up  till  the  capstones  had  been  laid  across  the  gate-openings,  and  afterward  the  dam  was  steadily 
extended  toward  the  east  shore.  It  was  originally  designed  to  complete  it  in  100-foot  sections,  but  this  plan  was 
not  followed;  in  fact,  there  was  no  especial  system  in  this  respect. 

An  important  feature  of  the  work  was  a  railroad  or  tramway  extending  the  whole  length  of  the  dam  and  used 
in  transporting  material.  It  was  supported  on  bents  placed  about  12  feet  apart.  Each  bent  consisted  of  two 
upright  posts,  sloping  inward  slightly  toward  the  top,  with  a  cajjping  piece  and  braces.  The  posts  were  10  inches 
square,  of  spruce  and  pine,  and  the  capping-pieces  were  10  inches  square  or  10  by  12.  The  dam  being  18  feet  wide  at 
the  base,  a  clear  space  of  2  feet  was  left  on  either  side  to  the  bottoms  of  the  posts;  in  other  words,  the  latter  were  22 
feet  apart.  This  system  of  trestle-work  supported  (i  iron  rails;  the  2  outer  rails  came  about  over  the  tops  of  the 
posts  and  served  as  a  track  for  the  "travelers",  which  will  be  described  later,  to  move  upon;  between  these  was  a 
double  line  of  tracks  for  the  gravity  cars.  From  the  Champlaiu  canal  to  the  river-bank,  say  500  feet,  there  is  a 
moderate  descent,  and  still  more  down  to  the  dam.  The  stone  was  unloaded  from  the  canal-boats  at  a  point 
opposite  the  end  of  the  dam,  a  single  line  of  track  running  down  toward  the  latter  and  branching  by  a  switch  into 
a  double  track  before  reaching  the  edge  of  tbe  bank.  These  tracks  had  a  grade  of  about  10  feet  in  300,  but  when 
fairly  out  upon  the  dam  became  level,  and  so  continued  the  rest  of  the  way  across.  The  cars  employed  appeared 
to  be  common  hand-cars  fitted  with  a  brake  at  one  end.  When  loaded  with  stone  or  other  material,  one  man 
operated  the  brake,  and  the  grade  of  the  inclined  portion  of  the  railway  was  sufficient  to  carry  the  car  by  its 
momentum  to  any  portion  of  the  work,  even  to  the  farther  end  of  the  dam.  After  being  unloaded,  the  car  Avas 
pushed  back  by  hand  to  the  foot  of  the  incline  and  then  hauled  up  by  a  rope. 

The  "  travelers"  were  simply  upright  frame- works,  consisting  of  a  bent  over  each  of  the  two  rails  on  which  they 
moved,  with  a  platform  at  the  top,  and  the  whole  suitably  braced.  The  machine  was  giA'cn  a  motion  along  the 
track  by  a  man  standing  on  either  side  and  working  a  cogged-wheel  arrangement.  From  the  platform  oA^erhead  a 
stone  was  supported  by  chains  and  a  transverse  motion  was  obtained  by  men  working  on  the  platform.  Two  motions 
at  right  angles  to  each  other  were  thus  given,  and  a  stone  could  be  deposited  at  any  desired  point. 

The  coffer-work  was  not  so  expensive  a  feature  in  this  dam  as  is  often  the  case.  For  a  portion  of  the  distance 
a,  simple  breastwork  of  chipped  stone,  blasted  from  the  river-bed  in  the  process  of  work,  was  made  and  puddled 
with  clay  on  the  up-stream  surface.  About  100  feet,  mainly  in  the  deep  channels,  consisted  of  timber  crib-work 
filled  in  with  loose  stone  and  faced  with  sheet-piling,  its  upper  surface  puddled  with  clay.  To  a  considerable  extent 
the  trestle-posts  were  also  made  use  of  in  constructing  coffer- work.  Lougitudintil  pieces  were  fastened  on  their 
outer  faces,  and  against  these  sheet-piling  was  driven;  horizontal  planking  was  secured  to  the  inner  faces  of  the 
posts,  and  the  space  between  this  planking  and  the  sheet-piling  filled  in  Avith  clay.  The  trestle-posts  were  also 
used  in  the  channel- ways,  where,  as  has  been  said,  crib-work  was  built,  for  supporting  the  cribs. 

The  front  of  the  dam  i's  rock-faced  ashlar-work,  and  the  coping  is  of  cut  stones  8  feet  10  inches  long,  sloping 

somewhat  up  stream.     The  ashlar  courses  range  from  1  foot  to  2J  feet  in  thickness,  and  are  well  bonded  into  the 

backing,  which  is  rubble-work.     From  the  crest  to  low- water  surface  at  the  foot  of  the  dam  the  fall  is  16  feet.    The 

length  of  coping  between  abutments,  that  is,  the  length  of  roll-way,  is  795^  feet.    The  total  distance  between 

abutments,  including  the  bulkhead,  is  928  feet.    At  the  east  end  of  the  dam  there  was  to  be  a  supplementary 

embankment  500  feet  long  and  6  feet  high  next  the  river.    The  Mechanicsville  dam  has  a  base,  in  general,  of  about 

18  feet,  and  has  been  so  designed  and  constructed  that  if  found  desirable  its  height  can  be  raised  from  16,  the 
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present  figure,  to  20  feet.  The  abutments  rise  10  feet  above  the  crest.  That  on  the  east  side  of  the  river  extends 
from  the  upper  base-line  of  the  dam  down  stream  to  a  point  20  feet  below  its  face,  and  has  two  wings,  each 
projecting  6  feet  into  the  bank. 

The  bulkhead,  which,  as  we  have  seen,  is  adjoining  the  west  shore,  is  entirely  of  cut-stone  masonry.  It  measures 
20  feet  in  the  direction  of  flow,  and  contains  12  gate-openings,  each  10  feet  high  in  the  clear.  Eleven  of  these 
have  each  a  clear  width  of  7  feet  4  inches,  and  the  remaining  one  is  of  half  that  width.  The  piers  which  separate 
them  have  each  a  minimum  thickness  of  2  feet,  and  a  maximum,  adjoining  the  gate  recesses,  of  32  inches.  The 
gate-openings  are  rectangular  in  shape,  and  are  controlled  by  wooden  gates  operated  by  a  turbine,  for  which  there 
is  a  wheel-pit  in  the  abutment. 

The  canal  running  from  the  bulkhead  is  115  feet  wide  in  the  clear,  with  a  water-depth  of  16  feet.  It  is  formed 
by  inclosing  the  part  of  the  river  next  the  west  bank  by  masonry  walls,  and  thus  has  for  its  bottom  the  natural 
bed  of  the  river.  The  wall  on  the  outer  or  river  side  is,  for  the  first  150  feet  below  the  dam,  a  waste- weir  of  the 
same  height  and  construction  as  the  dam,  but  with  a  base  of  14  feet  and  with  coping-stones  8  feet  long.  It  contains 
two  gates  adjoining  the  dam,  for  drawing  down  the  canal.  From  the  end  of  this  weir  the  river-wall  was  designed 
to  be  continued  of  the  same  dimensions  as  the  former,  but  built  entirely  of  rubble.  The  canal  on  this  side  was  to 
be  extended  for  the  present  400  feet  below  the  bulkhead.  The  water-power  company  owns  land  which  will 
admit  of  giving  it  a  total  length  of  1,000  feet,  and  it  was  stated  as  probable  that  an  extension  to  nearly  or  quite 
that  leiigth  would  be  made  another  season.  This  canal  will  closely  follow  the  river-bank,  the  mills  to  be  located 
on  the  inshore  side  discharging  their  tail-water  in  tunnels  beneath  the  canal.    The  available  fall  is  16  feet. 

The  property  of  the  company  on  this  side  of  the  river  embraces  40  acres  of  laud,  and  at  the  time  it  was  visited 
extensive  buildings  were  being  erected  for  the  manufacture  of  wood-pulp,  with  a  productive  capacity  of  15  tons  per 
day.  The  pulp-works  were  to  have  a  river  frontage  of  about  420  feet,  and  comprised  buildings  of  the  following 
dimensions :  mills  60  by  170  feet,  50  by  136,  36  by  100,  25  by  48,  50  by  172,  and  36  by  100 ;  a  boiler-house  42  by  50 
feet,  and  a  storehouse  40  by  160  feet.  All  of  these  buildings  were  to  be  two  stories  high  on  the  river  side,  and 
some  one  story,  some  two  stories  on  the  shore  front ;  they  were  being  constructed  of  bricks  made  at  the  company's 
■  own  kilns  about  a  mile  away. 

It  is  planned  ultimately  to  run  a  canal  down  the  east  bank  also,  in  which  case  water  would  be  taken  out  some 
little  distance  above  the  dam,  the  mills  to  be  placed  between  the  canal  and  the  river.  The  company  o^ns  110  acres 
of  laud  on  that  side  of  the  river,  sufiQcient  for  extending  the  canal  a  quarter  of  a  mile,  and  the  topography  is  suitable 
for  continuing  it  a  much  greater  distance  if  desired. 

The  estimated  cost  of  the  dam,  abutments,  bulkhead,  and  canal- walls  (including  waste  weir)  for  400  feet  in 
length  had  been  $168,000,  but  it  was  stated  by  the  treasurer  of  the  company  as  probable  that  the  actual  expense 
would  be  slightly  less  than  that  amount.  Some  preliminary  work  was  done  in  the  latter  part  of  May,  1882;  the 
first  stone  was  laid  June  30,  and  by  the  latter  part  of  October  the  dam  had  been  completed  except  a  short  section 
adjoining  the  east  shore,  and  the  east  abutment.  The  bulkhead  on  the  west  side  had  been  carried  up  to  include  a 
single  layer  of  stone  covering  the  gate- openings,  and  the  waste-weir  with  connecting  river-wall  was  partially 
finished.  It  was  expected  that  the  while  of  this  work  would  be  brought  to  a  close  by  the  middle  of  November. 
The  construction  bad  been  prosecuted  with  a  singular  freedom  from  hinderauces  such  as  often  embarrass  similar 
undertakings.  The  only  mishap  encountered  was  the  loss,  during  a  September  freshet,  of  a  short  section  of  trestle- 
work  worth  perhaps  $1,500.  The  contractors  for  the  work  were  Messrs.  Smith  &  McGaw,  of  Philadelphia.  About 
75  men  were  usually  employed  on  the  dam.  The  working  plant  included  4  ''travelers",  10  or  12  boom  derricks,  and 
as  many  portable  engines.     For  pumping,  a  No.  6  Andrews  pump  was  employed,  and  also  a  cataract-pump. 

The  policy  of  the  company  regarding  the  use  of  this  finely-developed  power  was  stated  not  to  have  been  fully 
determined  upon,  and  it  was  undecided  whether  or  not  power  should  be  rented  to  outside  parties. 

It  is  a  difldcult  matter  to  make  a  reliable  estimate  of  the  power  available  at  Mechanicsville.  As  has  been 
elsewhere  stated,  no  prolonged  system  of  direct  measurements  of  the  flow  of  Ihe  river  has  been  made  at  any  pointy 
the  rainfall  on  the  drainage  basin  is  not  known  with  much  exactness,  and  but  little  is  known,  except  by  comparison 
with  other  streams,  as  to  the  ratio  which  drainage  bears  to  rainfall  in  this  basin,  or  its  distribution  through  the 
year.  In  the  prospectus  of  the  water-power  company,  Mr.  Peter  Hogan,  consulting  engineer,  certifies  that  the 
minimum  discharge  of  the  Hudson  at  the  lowest  stage  of  water  of  which  there  is  any  record  amounts  to  2,500 
cubic  feet  per  second  for  this  locality.  This  certainly  appears  to  be  too  high  an  estimate  of  the  discharge.  It  is 
about  500  cubic  feet  more  than  was  found  by  actual  measurement  1  mile  above  Waterford  by  Mr.  P.  N.  Benedict, 
November  1,  1874,  and  is  an  equal  amount  in  excess  of  what  has  been  assumed  by  the  United  States  board  of 
engineers  as  the  combined  low-water  discharge  of  the  upper  Hudson  and  the  Mohawk  between  Troy  and  Albany.  If 
this  privilege  is  to  be  utilized  wholly  for  paper  tiud  pulp  manufacture,  in  the  processes  of  which  mills  run  continuously 
throaghout  the  24  hours,  then  the  storage  above  the  dam,  although  useful  in  compensating  for  daily  irregularities 
of  flow,  is  not  of  special  importance  as  otherwise  increasing  the  available  power.  At  all  events,  on  account  of  the 
shoals  extending  steadily  up  stream  from  the  dam,  with  rapid  slope,  the  pondage  is  not  large  in  comparison  with 
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the  avewige  flow  for  the  24  h©urs.    Without  reference  to  storage,  the  theoretical  power  of  this  privilege  may  be 
placed  at  the  figures  given  in  the  accompanying  table  : 


Estimate  of  power  at  Mcchanicsville. 


stage  of  river. 


Low  wftter,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 


ArPEOXIMATK  KAINPALL  ON  llASIN. 


Summer. 


Year. 


Inches.       Jnrhr^.       Inrhrs.   \    Inches.    ■   Inches. 


ICi 


I 


30i 


I 


Drniuage 


y\ow 
jpersocoDd, 

average 
I  for  the  24 
I      hotrre. 


CubirJ'ei't. 
900 
1,000 
1,600 


THEOHKTICAI.   IIORBE-rOWEK. 


102.  'J  1 
113.60 
181.  76 


16  fCLl, 

(pieflCDl) 
full. 


1,040 
1.820 
2,910 


20  feet  fall 
I  (avH  liable 
I  by  raising 
ida'ra  4  feet). 


2,040 
2,  270 
3,640 


Perhaps  three-quarters  of  a  mile  above  the  privilege  just  described  is  wLat  was  formerly  known  as  Howlaiid's 
dam,  the  power  at  which  Avas  until  recently  occupied  by  the  Saratoga  Paper  Company  for  the  manufacture  of  straw 
paper.  The  dam  is  a  log  structure  with  8  feet  fall,  and  has  a  very  dilapidated  appearance,  it  havingr  sunk  in  places 
so  as  to  give  the  crest  an  irregular  height.  It  runs  out  from  Wie  west  bank  to  an  island  in  midstream,  where  it 
abuts  against  a  vertical  rock  bank.  Its  foundation  is  also  rock  throughout  its  length,  but  the  west  abutment  seems 
to  be  a  kind  of  crib  work  tilled  in  with  stone  and  other  material.  Water  enters  to  the  mill  by  first  passing  through 
an  inclosure  formed  by  extending  the  abutment  of  the  dam  up  stream  a  short  distance  toward  the  extremity  of  a 
straight  embankment  or  dike  which  is  carried  out  from  the  adjoining  shore.  At  the  time  this  power  was  examined 
the  mill  was  not  running,  the  property  having  been  purchased  by  the  Hudson  Eiver  Water  Power  &  Paper 
Company  with  the  design  of  repairing  it  and  engaging  here,  as  well  as  at  the  larger  privilege  below,  in  the 
manufacture  of  paper. 

Power  at  Stillwater. — At  this  locality,  3  miles  or  so  atoove  Mechanicsville,  the  riverbed  is  composed  of  slate 
ledges  running  in  a  direction  a  little  east  of  north  and  dipping  sharply  to  the  eastward.  The  west  bank  is  rocky 
and  of  good  height,  while  on  the  east  side'  is  a  rather  low  meadow.  The  Hoosac  river  empties  opposite  Stillwater, 
but  below  the  dam.  The  latter  is  a  log  structure,  about  6  feet  high,  forming  an  irregular  line  across  the  river, 
presenting  an  angle  up  stream.  It  is  nearly  50  years  old,  and  though  of  course  it  has  been  repaired  at  times, 
the  original  structure  still  stands  and  serves  its  purpose  tolerably  well.  A  gre^t  deal  of  water  leaks  through,  but 
there  being  always  an  abundance  at  the  mills  the  loss  is  not  felt,  though  roughly  estimated  to  equal  the  amount 
used  in  manufacturing.  The  bulkhead  is  at  the  west  end  of  the  dam,  and  is  of  timber,  with  13  gates,  each  8J  feet 
wide.  Each  gate  has  two  upright  wooden  posts  with  iron  racks  firmly  attached  to  it,  and  is  worked  by  hand- 
power.  A  short  side  canal,  10  or  15  feet  wide,  opens  out  from  the  pond  100  feet  above  the  bulkhead  and  connects 
with  the  main  canal,  but  is  itself  without  any  bulkhead.  The  larger  canal  follows  down  the  ri^'er-bank  for  about 
a  third  of  a  mile  and  is  100  feet  wide.  It  has  the  natural  river-bank  on  the  inshore  side,  and  is  built  otit  into  the 
stream,  being  sustained  on  the  outer  side  by  a  masonry  wall  11  feet  high,  7  feet  wide  at  the  base  and  5  feet  wide  at 
the  top.  With  one  important  exception  the  mills  are  built  out  over  the  canal,  being  supported  on  stone  piers.  The 
wheel-pits  are  all  built  on  the  outside  of  the  river-wall.  One  mill,  as  noticed,  is  located  on  the  inshore  side  of  the 
canal,  and  connects  with  its  water-wheel  by  a  line  shaft. 

Eeckoned  from  the  crest  of  the  dam  the  fall  at  the  end  of  the  race  is  about  7i|  feet,  and  is  perhaps  1  foot  less 
near  the  dam.  The  privilege  is  owned  by  Mr.  John  B.  Newland,  of  Stillwater,  who  estimates  the  i^ower  in  use  as 
follows : 

1.  John  B.  Newland,  grist-mill,  60  horse-power. 

2.  Knitting-mill  (hosiery),  owned  by  John  E.  Newland,  but  operated  by  E.  B.  Skinner  &  Co.,  80  hands  employed, 
70  horse-power  used. 

3.  Mosher,  Judd  &  Co.,  paper-mill,  15  hands,  100  horse-power. 

4.  D.  &  W.  Pemble's  straw-board  paper-mill,  6  hands,  40  horse-power. 

5.  E.  &  H.  ISTewland's  knitting-mill  (hosiery),  80  hands,  40  horse-power. 

6.  Denison  &  Co.'s  knitting-mill  (hosiery),  60  hands,  40  horse-power. 

In  all  about  250  hands  are  employed  in  the  mills,  and,  approximately,  350  horse-power  of  water  is  in  use.  No 
curtailment  of  power  has  ever  been  necessary  because  of  low  water.  On  one  remarkable  occasion  the  mills  were 
stopped  by  backwater  due  to  a  heavy  ice-jam,  but  serious  trouble  of  this  sort  has  been  experienced  only  twice  in 
a  great  many  years.  Whenever  ice  runs  over  the  dam  there  is  sufficient  depth  of  water  to  carry  it  clear  of  the  crest, 
and  the  structure  has  never  suffered  any  injury  worth  mentioning  from  this  source.  Ice  that  forms  in  the  pond 
usually  rots  before  running  out,  and  such  as  comes  down  from  above  is  well  broken  uji  against  the  piers  of  a  road 
bridge  a  short  distance  up  stream,  and  by  four  crib-work  ice-breakers.  As  we  have  seen,  the  river  is  subject  to 
heavy  freshets,  and  a  depth  of  5  feet  on  the  dam  is  not  uncommon;  in  an  extreme  case  a  depth  of  7  feet  has  been 
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observed.     During  spring  freshets  the  effective  head  is  reduced  perhaps  2  feet,  but  the  trouble. lasts  not  over  a 
week;  the  rapids  below  the  dam  carry  off  the  water  readily  and  the  mills  are  never  forced  to  stop. 

In  disposing  of  the  power,  Mr.  J^ewland  sells  outright  the  sites  and  rights  to  use  certain  amounts  of  water. 
The  water  is  sold  in  inches,  an  inch  being  the  amount  passing  through  an  opening  one  inch  square  under  the  head 
actually  obtained  by  the  mill.  In  practice  no  special  measurement  is  made,  but  the  amount  of  water  used  is  assumed 
from  the  wheel  ratings.  In  the  deeds  a  reservation  is  made  that  in  case  of  a  scarcity  of  water  the  grist-mill  shall 
first  be  supplied;  but  in  view  of  the  abundance  of  water  it  is  evident  that  such  a  reservation  is  practically  no- 
disadvantage  to  the  other  mills.  For  the  purpose  of  meeting  the  expense  of  necessary  repairs  on  the  dam  and 
bulkhead  the  power  is  nominally  divided  into  25  equal  parts ;  each  privilege  is  estimated  at  a  certain  number  of 
twenty-fifths,  and  pays  a  proportionate  share  of  the  expenses. 

Seven  mill-sites  with  power  are  still  held  for  sale.  Six  of  these  have  each  a  river  frontage  of  from  75  to  300' 
feet  with  a  depth  of  125  feet,  and  one  has  a  much  larger  surface.  Freighting  is  mainly  done  by  canal  when  that  is 
open,  but  at  other  times  by  team  to  Mechanicsville.  The  Boston,  Hoosac  Tunnel,  and  Western'railroad  runs  through 
Stillwater,  but  is  a  mile  away  from  the  mills.  The  Delaware  and  Hudson  Canal  Company  has  a  line  of  railroad 
graded  through  the  village,  and  in  fact  to  Schuylerville,  but  the  enterprise  has  not  advanced  beyond  the  point  of 
grading  the  line. 

Estimated  power  of  the  Hudson  river  at  Stillwater. 


Stage  of  river. 

RAINFALL  ON  BASIN. 

"DraiDape 
area. 

Flow  per 

second, 

average 

for  the  24 

hours. 

Effective 

Spring. 

Summer. 

AutUUXQ. 

Winter. 

Year. 

power  util- 
ized. 

Inches. 

}  • 

Inches. 
12 

Inches. 
lOi 

Inches. 
8 

Inches. 
39J 

Sq.  miles.  \  Cubic  feet. 
3  700     '^            fif^ft 

IfootfttU.  1  IfeetfaU. 

65. 89    1             460 

73. 84                  520 

124. 96                   870 

n  feet  fall. 
510 
570 
970 

IjOW  water  average  year 

35* 

Available  10  months,  average  year  . . . 

1 

(      1,100 

Unimproved  power  below  the  Saratoga  dam. — Above  Stillwater  the  river  becomes  very  flat,  and  smooth  water 
extends  from  the  dam  a  dozen  miles  or  more,  nearly  to  the  Saratoga  dam.  In  this  distance  the  river  valley  is 
generally  wide  and  rather  flat,  with  a  gradual  rise  to  distant  hills,  but  within  3  miles  of  Schuylerville  the  adjoining 
country  becomes  somewhat  more  broken.  Fewer  islands  are  to  be  seen  than  between  Stillwater  and  Troy,  and  the 
immediate  course  of  the  river  is  bordered  by  meadows  which  are  frequently  overflowed  in  places.  At  Schuylerville 
bridge  the  river  is  divided  by  an  island  into  two  channels,  one  about  500  and  the  other  250  or  275  feet  in  width. 

Beginning  a  mile  or  so  above  Schuylerville  there  are  one  or  tvfo  riiBes,  and  a  third  of  a  mile  below  the  Saratoga 
dam  there  is  an  important  fall.  It  occurs  immediately  above  what  is  known  as  "  Willis'  eddy",  and  by  pocket-level 
was  found  to  be  about  8  feet  in  200  feet,  from  the  head  to  the  foot  of  the  falls.  Farther  up  the  river-bed  displays 
considerable  bare  rock  at  low  water,  but  there  is  no  more  fall  of  consequence  before  reaching  Thompson's  mill. 
There  is  apparently  a  foot  or  two  of  fall  in  low  water  immediately  below  the  mill-wheels,  but  it  would  probably 
disappear  in  a  fair  stage  of  river. 

The  privilege  here  described  is  owned  by  Mr.  Lemon  Thompson.  The  riverbed  at  the  falls  is  made  up  of 
outcropping  ledges  of  slate-rock,  the  greater  portion  exposed  in  low  water.  Opposite  the  main  fall  both  banks  are 
rocky  and  of  good  height.  The  east  bank  was  examined  in  particular,  and  was  found  to  be  composed  of  slate-rock 
to  a  height  of  about  8  feet  above  low- water  level  in  the  pool  at  the  head  of  the  falls,  and  above  that  a  gravelly  clay 
for  12  or  15  feet.  The  power  might  be  developed  here  in  either  of  three  ways.  The  privilege  might  easily  be 
combined  with  that  at  the  Saratoga  dam  by  bringing  a  race  down  the  east  bank,  and  would  give  a  fall  at  low 
water  of  at  least  17  feet.  If  improved  independently,  probably  not  more  than  the  8  feet  (assuming  that  result 
correctly  obtained)  descent  at  the  falls  could  be  utilized.  A  mill  would  naturally  be  located  on  the  east  bank  on  a 
point  formed  by  a  cove  or  eddy  below  the  falls.  A  dam  of  the  full  height  could  easily  be  built  near  that  place,  but 
the  better  way  of  imfproving  the  privilege  separately  would  probably  be  to  build  a  low  dam  on  the  rocks  at  or  near 
the  head  of  the  falls,  and  construct  a  canal  for  the  remaining  short  distance  to  their  foot  next  the  east  bank.  A 
dam  running  only  part  way  across  the  river  would  undoubtedly  command  nearly  the  entire  low-water  flow. 

■    Estimate  of  power  at  Thompson's  privilege .,  below  the  Saratoga  dam. 


stage  of  river. 


I.OW  wa(  er,  dry  year 

Low  water,  average  year 

A  Failable  10  months,  average  year. 


RAINFALL  ON  BABIN. 


Spring. 


Inches. 


Summer. 


Inches. 
12 


Autumn. 


Inches. 


Winter. 


Inches. 


Tear. 


Inches. 
39i 


Drainage 
area. 


Sg.  tniles. 
2,904 


Flow  per 

second, 

average 

for  the  24 

hours. 


Cubic  feet, 
210 
280 
560 


354 


»  Assuming  the  privilege  at  the  Saratoga  dam  to  he  combined  with  that  below. 


Theoretical  horse- power. 


1  footfall. 
28.86 
31.81 
63.62 


Sfeetfall.  nft.fall.{a) 
190  410 

250  I  540 

510  i  1,080. 
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Power  at  the  Saratoga  dam.— The  Cbamplaiu  canal  crosses  tlie  Hudson  in  the  pool  of  this  dam,  and  ifs  also  fed 
here  for  the  distance  thence  to  Waterford.  The  immediate  valley  in  the  vicinity  is  three-quarters  of  a  mile  or  a 
mile  in  width,  and  is  a  well-settled,  cultivated  farming  district.  The  dam  is  owned  by  the  state,  and  the  present 
structure  was  completed  in  1873  or  thereabout.  It  is  in  two  sections,  forming  an  angle  of  something  over  100 
degrees,  with  the  vertex  up  stream ;  it  is  of  stone,  the  face  having  a  small  batter,  and  rests  throughout  on  ledge 
rock.  The  dimensions  are  said  to  be:  Height,  8  feet;  width  at  top,  from  7  to  9  feet,  and  at  base  about  12  feet. 
The  abutments  are  of  rock-faced  ashlar,  and  the  face  of  the  dam  appears  to  be  of  the  same,  though  it  i.s  mostly 
concealed  from  view  by  a  sloping  crib-work  apron  projecting  some  15  leet  down  stream. 

At  the  east  end  of  the  dam  a  short  race,  50  or  60  feet  wide,  carries  water  to  the  saw-mill  of  Lemon  Thompson, 
owner  of  the  surplus  power.  This  mill  is  located  in  the  town  of  Greenwich,  and  about  2  miles  by  road  above 
Schuylerville.  The  fall  obtained  is  9  feet ;  23  wheels  are  run,  ranging  from  2  to  60  horse-power  each,  but  many 
of  them  are  of  old  pattern  and  their  effective  horse-power  is  not  easily  estimated.  Twelve  of  the  wheels,  each 
48  inches  in  diameter,  run  a  Monitor  "slabber"  and  2  gang-saws.  It  was  estimated  that  for  the  year  1882  the 
mill  would  have  sawed  about  12,000,000  feet  of  lumber,  an  amount  somewhat  above  the  average.  The  logs  are 
floated  down  the  Hudson,  and  this  is  the  last  mill  at  which  they  are  sawed.  The  timber  obtained  is  about  in  the 
proportion  of  spruce  4,  hemlock  2,  jjine  1,  and  smaller  amounts  of  white  and  yellow  cedar.  The  mill  does  not  run 
while  the  rjver  is  frozen,  but  always  has  sufficient  water  during  the  sawing  season.  For  the  two  years  previous  to 
the  fall  of  1882  it  was  stated  that  water  had  wasted  more  or  less  every  day  over  the  dam,  excepting  a  single  day 
in  each  year.  Bighteen-inch  flash-boards  are  kept  on  the  dam.  During  the  lowest  stage  of  river  the  pond  fills  at 
night,  and  there  is  a  waste  on  the  dam  till  the  next  afternoon,  and  even  then  the  water-surface  often  can  not  be 
drawn  down  below  the  crest. 

Power  at  Fort  Miller. — With  18-inch  flash-boards  on  the  Saratoga  dam  and  a  fair  stage  of  riv^r,  slack-water 
extends  entirely  to  the  Fort  Miller  privilege.  There  the  river  bed  and  banks  are  rocky  and  the  stream  is  full  of 
outcropping  ledges.  A  log  dam  runs  in  an  irregular  line  across  the  river,  varying  in  height  from  2  to  9  feet 
according  to  its  position  on  the  ledges;  it  is  about  700  feet  long,  and  probably  15  or  16  feet  wide  at  the  base  wheie 
of  full  height.  The  state  is  said  formerly  to  have  had  a  much  higher  dam  here,  but  it  was  abandoned  and  the 
power  utilized  by  private  parties.  The  farmers,  however,  whose  land  adjoined  the  river  above  and  had  been 
submerged  by  the  slack-water  from  the  dam,  though  of  course  they  had  been  paid  for  the  land  thus  flowed,  now 
claimed  that  it  should  revert  to  them,  and  coming  down  the  river  in  force  they  cut  away  the  old  dam. 

On  the  west  side  of  the  river  a  low  wing-dam  diverts  the  overflow  from  the  main  structure  to  a  small  mill  on 
the  adjacent  bank,  not  in  operation.  The  power  at  the  west  end  of  the  main  dam  is  owned  by  Mrs.  Mary  C.  Harris, 
of  ]^orthumberland,  and  is  nearly  or  entirely  idle.  On  the  Fort  Miller  side  three-eighths  of  the  power  (three- 
eighths  of  one-half  the  entire  power  of  the  river  at  this  fall)  is  owned  by  the  heirs  of  Hosea  Nichols,  deceased,  of 
Fort  Miller;  a  small  saw-mill  belongs  to  the  same  estate,  but  is  not  running.  The  remaining  five-eighths  of  the 
power  is  owned  by  Wagman,  Thorpe,  &  Co.,  manufacturers  of  hanging-papers  from  straw-  and  paper-stock.  They 
have  also  a  4-run  grist-mill  on  the  privilege,  operated  by  A.  T.  Pack.  The  fall  obtained  at  the  paper-mill  is  between 
10  and  11  feet.  The  wheels  have  a  total  rated  capacity  of  about  200  horse-power,  of  which  from  130  to  150  is  in 
iictual  use.  Six  400-pound  rag  engines  are  run,  and  one  68-inch  cylinder  machine,  the  capacity  of  the  mill  being- 
stated  at  3  tons  of  finished  goods  per  day. 

The  booms  and  piers  in  the  river  below  are  said  to  obsti'uct  the  passage  of  running  ice,  thus  forming  jams  and 
causing,  back  water  at  Fort  Miller.  One  of  the  most  serious  troubles,  however,  is  from  anchor-ice,  which  is  thought 
to  be  aggravated  by  the  shallowness  of  the  pond.  This  form  of  ice  is  seldom  observed  liere  except  in  windy 
weather.  It  rises  with  the  sun  and  floats,  often  in  large  masses,  on  the  surface  of  the  water.  It  freezes  readily  to 
any  surface  with  which  it  comes  in  contact,  and  sometimes  collects  to  a  thickness  of  1  or  2  feet  on  the  dam  and 
backs  up  the  river.     It  hinders  chiefly,  though,  by  getting  into  the  water-wheels  and  stopping  them. 


Estimate  of  power  at  Fort  Miller. 


Stage  of  river. 
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Drainage 
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Flow  p* 
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Effective 
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Spring. 

Summer. 

Autumn. 

Winter. 

Tear. 

power^ 
utilized. 

Inches. 

Inches. 
12 

Inches. 

Inches. 

8 

Inches. 
394 

Sq.  miles. 
2,881 

Cubic  feet. 
1           300 
i           370 
[           650 

1  foot  fall. 
34.08 
42.03 
73.84 

10  feet  fall. 
340 
420 
740 

11  feet  fall. 
370 
460 
810 

260  ± 

Available  10  months,  average  yeq,r 

Shortly  above  Fort  MUler  the  Adirondacks  come  plainly  into  view  to  the  westward  from  the  carriage-road 
through  the  valley,  while  the  intervening  country  stretches  out  only  slightly  hilly.  The  banks  of  the  river  are  of 
moderate  height,  and  are  succeeded  by  meadow-iand.     The  Fort  Miller  dam  causes  slack-water  for  about  2  miles 
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up  stream  at  low  water;  there  is  tlieu  an  unimportant  shoal  known  as  "Crocker's  rift",  and  some  2  miles  farther 
up  another  even  less  noticeable.  With  a  fair  stage  of  river  there  would  probably  be  continuous  smooth  water  to 
Fort  Edward. 

Power  at  Fort  Edward.— At  this  locality  the  river-bed  is  rocky,  and  at  low  water,  rapids  with  slight  descent  extend 
half  a  mile  or  more  below  the  dam.  The  latter  was  built  by  the  state,  probably  40  or  60  years  ago,  and  from  the 
pool  a  feeder  formerly  ran  to  the  Champlain  canal.  On  the  establishment  of  the  Glens  Falls  feeder  the  dam  at  Fort 
Edward  was  cut  down  a  number  of  feet  and  abandoned  by  the  state.  It  is  a  log  structure,  not  filled  in  with  stone, 
and  presents  a  wretched  appearance.  The  decay  of  the  timber  has  permitted  it  to  sink  at  various  points,  although 
it  has  been  patched  up,  and  the  face  has  bulged  out  so  as  to  present  a  very  irregular  surface.  The  abutments  are 
of  crib-work.  This  dam  is  about  665  feet  long  between  abutments  and  16  feet  high.  The  mills  are  located  on  the 
north  bank.  The  hydraulic  canal  is  1,400  feet  long  and  averages  about  40  feet  in  width.  A  separate  flume  460 
feet  long  conveys  water  to  the  Fort  Edward  blast-furnace.  Power  is  further  utilized  here  in  the  saw-mills  of  Messrs. 
Tefft,  Hinckley,  &  Oo.  and  Messrs.  Bradley  &  Underwood,  and  by  several  other  concerns  of  moderate  size,  engaged  in 
the  manufacture  of  paper,  pottery  and  stoneware,  flour,  and  machinery.  In  1880  a  total  of  about  880  horse-power  of 
wheels,  not  including  those  of  the  blast-furnace,  was  returned  as  in  use  under  a  fall  of  about  8  feet.  The  estimated 
amount  of  logs  sawed  annually  at  the  two  mills  mentioned  is  30,000,000  feet,  and  consists  of  pine,  hemlock,  and 
spruce,  which  is  cut  into  boards,  planks,  and  joists,  and  a  few  shingles.  Bradley  &  Underwood  also  own.  the  power 
at  the  south  end  of  the  dam,  though  none  is  utilized  there. 

The  Fort  Edward  Manufacturing  Company  originally  purchased  tjiis  privilege,  and  then  sold  the  various  mill- 
sites  and  rights  to  water  to  the  mill-owners.  The  blast-furnace,  Osgood  &  Son's  machine-shop,  and  Durghee  &  Son's 
grist-mill  have  a  priority  of  right  to  water  in  case  of  a  short  supply.  For  the  purpose  of  keeping  the  hydraulic 
works  in  order  and  repair  the  manufacturers  are  associated  as  "  The  Fort  Edward  Dam  Company  ".  For  about  three 
months  in  the  year  there  is  a  scarcity  of  water  and  the  greater  part  of  the  works  have  to  be  shut  down.  There 
appears  to  be  no  system  of  management  worthy  the  name  in  connection  with  this  privilege,  ifo  measurement  is 
made  of  the  water  used,  and  disputes  are  of  frequent  occurrence. 

Power  at  Sandy  Mill. — Sandy  Hill  is  2J  or  3  miles  above  Fort  Edward,  and  is  situated  at  the  point  \Fhere  the 
Hudson  suddenly  changes  its  general  course  from  the  east  to  the  south.  There  are  two  ■water-privileges,  the  lower 
known  as  Baker's  falls  and  used  mainly  by  paper-mills,  while  the  upper  is  occupied  by  saw-mills.  The  country 
surrounding  Baker's  falls  is  comparatively  level,  but  the  river  appears  to  have  cut  its  way  down  below  the  general 
level,  and  descends  abruptly  over  massive  ledges  of  black  slate-rock.  This  slate  is  described  as  very  hard  when 
covered  by  water  or  earth,  but  upon  exposure  to  the  air  it  soon  crumbles  and  forms  a  clayey  soil. 

The  dam  runs  across  at  the  head  of  the  falls,  and  thence  to  the  pool  below,  a  distance  of  only  600  or  800  feet,  there 
is  a  descent  of  55  feet.  The  river  then  continues  for  some  distance  in  a  rocky  gorge,  the  bank  rising  on  the  left 
precipitately  to  a  height  of  probably  75  feet.  At  low  water  there  are  slight  rapids  below  the  falls,  but  they  are 
covered,  in  a  fair  stage  of  river,  by  slack-water  from  the  Fort  Edward  dam.  The  dam  at  the  head  of  Baker's  falls  is 
650  or  700  feet  long,  and  varies  in  height  from  3  to  14  feet,  according  to,  the  surface  of  the  rock  on  which  it  is  founded. 
It  is  a  log  structure  bolted  to  the  river-bed,  and  with  the  logs  also  bolted  together  at  their  intersections.  Opposite 
the  falls  as  well  as  below,  the  banks  are  precipitous  and  rocky.  The  mills  are  on  the  left  bank,  and  receive  water 
through  a  race  from  600  to  700  feet  long.  For  about  200  feet  before  reaching  the  first  mill  the  race  is  25  or  30  feet 
wide,  and  is  formed  between  the  natural  rock-wall  on  one  side  and  a  river-wall  on  the  other.  This  latter  averages 
14  feet  in  height  and  is  4  feet  wide  on  top ;  it  is  provided  with  an  overflow  to  the  river  60  feet  long,  beneath  which 
the  outer  surface  of  the  wall  is  faced  with  timber.  The  race  ranges  from  14  feet  in  depth  near  the  bulkhead  to  11 
feet  at  the  farther  extremity.  Toward  the  end,  on  the  outer  side  of  a  bend,  there  is  a  gate  8  feet  wide  extending 
the  whole  depth  of  the  race.  By  opening  this  gate  a  very  strong  current  can  be  obtained  and  the  race  easily  flushed 
clear  of  leaves,  sawdust  and  other  refuse,  and  ice.  In  this  manner  an  amount  of  work  is  performed  in  a  very  short 
time  which  would  otherwise  require  days. 

The  bulkhead  is  of  timber,  with  seven  gates,  each  8  feet  wide.  The  gate-posts  are  of  white  oak,  and  are  8  by  18 
inches  in  cross-section.  Each  gate  is  provided  with  two  vertical  iron  racks  into  which  the  cogs  upon  a  horizontal 
shaft  engage;  the  shaft  is  revolved  by  levers,  and  in  turn  acts  to  raise  or  lower  the  gates.  The  water  is  used  in 
two  falls.  There  is  but  one  continuous  race— the  upper  level— and  after  having  been  used  from  that  the  water  is 
conveyed  to  the  lower-level  wheels  by  each  mill  independently.  The  fall  from  the  upper  level  is  31  or  32  feet,  and 
from  the  lower  from  22  to  24  feet.  Allen  Brothers'  mill,  the  uppermost  on  the  race,  employs  only  the  upper  fall  of 
;j1  feet,  but  the  entire  fall  of  55  feet  will  be  gained  by  sinking  the  wheel-pit  and  tunneling  thence  down  stream. 

The  users  of  water-power  here  in  the  fall  of  1882  were  Allen  Brothers,  manufacturers  of  wall-paper;  Wait  & 
Son,  wall-paper;  Howland  &  Co.,  manila  paper;  and  the  Sandy  Hill  Iron  &  Brass  Works,  manufacturers  of  paper-mill 
machinery,  turbines,  and  various  other  machine  work.  Water  is  owned  in  square  inches,  nominally  under  31  feet  head, 
but  practically  under  the  full  head,  since  each  party  is  recognized  as  having  a  right  to  the  full  head  if  desired.  Allen 
Brothers  own  620  square  inches  of  water;  Wait  &  Son  own  one-eighth  of  one-half  the  flow  of  the  river,  and  actually 
use  from  250  to  300  square  inches;  Howland  &  Co.,  550  square  inches ;  and  the  Iron  &  Brass  Works,  25  square  inches, 
the  total  rated  capacity  of  wheels  on  this  privilege,  October  27, 1882,  was  1,847  horse-polver.    The  supply  of  water  is 
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sufficient  for  the  works  now  established,  even  in  a  low  stage,  but  there  is  no  surplus  at  such  times,  and  in  the 
month  last  mentioned  the  entixe  volume  of  the  stream  was  part  of  the  time  in  use.  The  water  comes  down  very 
irregularly,  being  affected  by  the  control  exercised  over  it  at  the  mills  farther  up  stream.  Each  firm  owns  to  the 
.center  of  the  river,  and  beyond  that  limit  Howland  &  Co.  and  J.  W.  Wait  are  proprietors  to  high-water  mark  on 
the  opposite  bank;  these  gentlemen  also  own  the  balance  of  the  power  on  the  left  bank  not  otherwise  previously 
accounted  for. 

In  Revolutionary  times  a  grist-mill  was  the  only  utilizer  of  the  power  here.  The  first  paper-mill  was  started  in 
1844.  There  has  been  a  large  growth  in  the  manufacturing  interest  at  Sandy  Hill  since  that  time,  and  the  place 
is  said  now  to  rank  second  in  freighting  importance  among  the  stations  on  the  Eensselaer  and  Saratoga  railroad. 
The  production  at  Wait  &  Son's  mill  is  35  tons  per  week,  and  the  estimated  total  production  of  the  three  paper- 
manufacturing  concerns  is  about  165  tons  per  week. 

The  river  is  considered  to  reach  its  greatest  height  here  usually  in  May.  For  a  week  or  so  there  is  considerable 
backwater  below  the  falls,  the  extreme  rise  there  being  perhaps  20  feet. 

The  upper  privilege  at  Sandy  Hill  is  improved  by  a  log  dam  which  runs  in  a  broken  line  across  the  river  and 
projects  down  stream  somewhat.  It  is  about  600  feet  long,  9  feet  high,  and  is  very  old.  The  foundation  is  solid 
rock,  and  below  the  dam  the  overflowing  water  has  evidently  torn  huge  slabs  from  the  river-bed  and  piled  them  up. 
The  abutments  of  the  dam  are  crib- work  loaded  with  stone.  On  the  right  bank  power  is  used  in  Monty  &  Shippy's 
saw-mill,  having  a  capacity  for  sawing  about  100,000  feet  of  lumber  in  the  24  hours,  (a)  and  running  25  wheels  with 
a  combined  rating  of  about  400  horse-power.  On  the  left  bank  the  privilege  is  owned  by  William  H.  Bloomingdale, 
and  the  power  is  employed  by  Eichards  &  Bromley  in  their  saw-mill.  Although  the  fall  from  the  top  of  the  dam  is 
about  9  feet,  yet,  owing  to  the  pond  being  much  of  the  time  low,  the  average  effective  head  obtained  is  estimated 
as  low  as  7  feet.  There  are  18  wheels  in  the  mill,  mainly  cast-iron  "rose"  wheels,  but  their  power  could  not  be 
learned  definitely.    In  a  busy  year  the  mill  saws  alaout  400,000  pieces,  or  say  4,000,000  feet  of  lumber. 

For  about  two  weeks  during  spring,  high  water  prevents  the  work  of  getting  logs  and  would  render  it  dangerous 
to  run  the  mill.  The  ordinary  freshet  depth  on  the  dam  is  5  or  6  feet,  but  in  the  spring  of  1869  it  was  only  2  or  3 
inches  less  than  9  feet.  Ice  is  said  almost  invariably  to  rot  in  the  ponds  on  this  part  of  the  river.  It  seldom  goes 
over  the  dams  except  in  a  kind  of  slush,  and  sometimes  can  hardly  be  perceived  at  all. 

Power  at  Glens  Falls  and  vicinity. — The  two  privileges  at  Sandy  Hill  succeed  each  other  closely,  but  between 
the  upper  one  and  Glens  Falls  another  might  be  developed.  It  is  located  near  the  foot  of  the  gorge  through  which 
the  river  runs  after  passing  the  mills  at  the  latter  village,  and  has  an  available  fall  of  15  feet,  with  firm  rocky  bed 
and  banks  for  a  dam,  and  good  buildiug-room.  It  is  owned,  including  the  adjoining  land  on  both  sides  of  the  river, 
by  the  Morgan  Lumber  Company,  of  Glens  Falls,  and  is  reckoned  as  good  for  500  horse-power  at  least  nine  months 
in  the  year.  Though  not  on  the  market,  this  privilege  could  be  purchased  at  a  suitable  price.  The  available 
power  may  be  estimated  as  below : 

Estimate  of  power  at  the  Morgan  Lumber  Companyh  undeveloped  privilege  helow  Glens  Falls. 
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At  Glens  Falls  we  encounter  the  second  great  pitch  in  the  river,'  amounting  to  about  40  feet  from  the  top  of 
the  dam  to  the  foot  of  the  main  falls.  The  Hudson  here  runs  easterly,  while  the  rock  strata  have  a  southerly  dip  of 
about  20  degrees.  Down  through  these  strata  the  stream  has  worn  its  way,  forming  below  the  falls  a  natural  gorge 
with  steep  sides,  though  its  form  has  been  destroyed  by  extensive  quarrying  next  the  river.  The  gorge  continues 
for  from  a  third  to  a  half-mile  down  stream,  after  which  the  banks  become  more  gentle  in  slope.  The  feeder  to 
the  Champlain  canal  runs  ar.  no  great  distance  from  the  river,  on  the  north  side,  and  the  sheets  of  water  which 
fall  down  into  the  river  at  various  points  from  between  the  rock  strata  indicate  a  considerable  leakage.  Below 
the  falls,  at  least,  the  original  continuity  of  the  strata  on  the  opposite  sides  of  the  river  is  easily  apparent.  A 
vertical  section  shows  the  following  materials :  from  14  to  15  feet  of  sand,  gravel,  and  other  surface  deposits,  then  12 
feet  of  inferior  limestone,  14  feet  of  a  nondescript  stone  called  "buckwheat",  2  or  3  feet  of  gray  marble,  12  feet  of 
black  marble,  succeeded  by  lime-rock  and  building-stone.  The  black  marble  takes  a  fine  poUsh,  and  on  the  north 
side  of  the  river.  Finch,  Pruyn,  &  Co.  have  an  establishment  for  working  it.  Limestone- is  quarried  and  burned  on 
both  banks,  the  Morgan  Lime  Company  owning  the  works  on  the  south  side. 


a  Saw-mills  in  this  section  run  night  and  day  during  the  worlsing  season. 
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The  lumber  interests  at  Glens  Falls  are  very  extensive.  Logs  are  cut  from  20  to  100  miles  northward  on  the 
upper  waters  of  the  Hudson  and  its  tributaries  and  floated  down.  The  Morgan  Lumber  Company  has  sawed  as 
high  as  .35,000,000  feet  of  lumber  in  a  single  year.  In  1881  the  amount,  including  refuse,  was  27,000,000,  and  for 
1882  had  reached  about  21,000,000  feet  on  October  27.  The  logs  are  spruce,  hemlock,  and  pine,  in  the  order  named 
as  regards  quantity.    In  busy  times  about  150  men  are  employed  at  this  company's  mills. 

The  dam  is  at  the  head  of  the  falls,  and  is  a  timber  crib- work  built  on  solid  rock.  The  intersections  of  the 
timbers  are  firmly  bolted,  and  the  whole  structure  is  secured  in  a  like  manner  to  the  foundation  rock.  The  timbers 
are  squared  and  so  laid  as  to  form  a  tight  face  and  back,  the  top  of  the  dam  being  also  closed  by  planking.    The 

dam  is  in  three  sections,  two  running  diagonally,  somewhat  up 
stream,  and  the  third  closing  the  gap  between  them.  The  whole 
length  is  about  400  feet,  while  the  height  varies  from  5|  to  6J 
feet.  Near  the  center  is  a  sluice-way,  45  feet  long,  for  logs;  it  is 
shod  with  iron  straps*,  and  is  depressed  below  the  main  crest  of 
the  dam  24  inches  for  10  feet  of  its  length  and  10  inches  for  the 
remaining  35  feet.  The  face  and  back  of  the  dam  are  vertical, 
the  back  being  from  2  to  2^  feet  high ;  the  top  of  the  structure 
has  a  slope  up  stream,  and  is  from  10  to  11  feet  wide.  The 
abutments  and  bulkheads  are  formed  by  timber  and  stone  crib- 
work  piers.  There  are  no  gates,  properly  so  called,  controlling 
the  admission  of  water  to  the  races,  but  each  main  race  is  divided 
by  timber  partition -walls  into  minor  races  so  as  to  keep  the  logs 
separate  for  the  different  saws.  On  the  north  side  of  the  river 
there  are  three  of  these  divisions  and  on  the  south  side  five;  still 
another  race  on  the  latter  side  is  supi)lied  with  water  by  the 
overflow  from  the  main  dam,  which  is  diverted  to  the  race  by  a 
second  low  dam — a  wing  about  2  feet  high  running  from  the 
center  of  the  stream  to  the  south  bank. 

The  power  on  the  south  bank  is  owned  in  part,  by  three 
different  concerns,  and  is  used  in  three  separate  and  successive 
falls.  The  Morgan  Lumber  Company  is  the  principal  user.  Its 
mills  are  shortly  below  the  dam,  and  at  them  the  water  is  first 
employed  under  a  head  of  15  feet,  the  tail-water  then  passing  in  a 
common  race  to  its  lower  mill  and  to  Lapham  &  Co.'s  grist-mill. 
The  latter  firm  has  a  right  to  sufScieut  water  for  9  runs  of  stone ; 
it  uses  about  9  feet  head  and  operates  7  runs  of  stone,  with 
water-wheels  having  a  total  rated  capacity  of  from  200  to  250  horse-power.  Tail-water  from  the  grist-mill  is 
discharged  directly  into  the  river.  The  Morgan  Lumber  Company's  lo^er  mill  uses  its  share  of  water  from  this 
second  level  under  16  feet  head.  Of  its  tail- water,  which  forms  a  third  level,  part  runs  through  a  long  open  wooden 
flume  down  to  the  lime  company's  works,  but  the  chief  portion  furnishes  power  for  the  Glens  Falls  Paper  Mill 
Company,  manufacturing  printing-j)apers,  with  a  production  of  5  tons  ])ev  day.  The  water  is  here  used  under  a 
head  of  11  or  12  feet  and  discharged  into  the  river.  The  company  owns  water  sufficient  for  4  Fourdrinier  machines, 
but  prior  to  it  the  grist-mill  is  entitled  to  its  supply,  and  the  Morgan  companj'  to  water  for  4  gates. 

On  the  north  side  of  the  river  the  power  is  all  owned  and  the  works  are  operated  by  Messrs.  Finch,  Pruyn,  & 
Co.  This  firm  has  here  a  large  saw-mill,  a  planing  mill,  a  gristmill,  marble  works,  and  lime  and  marble  quarries. 
At  all  of  these  except  the  quarries  water-power  is  used,  the  aggregate  amount  being  stated  at  825  horse-power. 
At  present  the  power  on  this  side  of  the  river  is  not  thoroughly  developed,  some  of  the  water  being  returned  to 
the  river  before  it  has  been  utilized  through  the  entire  fall.  The  saw-mill,  a  short  distance  below  the  dam,  uses 
water  first  under  a  head  of  12  or  14  feet,  and  discharges  directly  into  the  river.  A  separate  flume  leads  to  the 
3-run  grist-mill,  which  has  about  14  feet  fall.  Its  tail-water  is  conveyed  through  another  flume  to  the  marble  works, 
where  it  is  used  and  discharged  into  the  river. 

For  two  or  three  months  in  the  year  the  supply  of  water  is  insufacient  for  the  needs  of  manufacturing  at  Glens 
Falls,  although  the  mills  can  run  more  or  less  even  during  thattime.  The  aggregate  of  power  in  use  on  both  sides 
of  the  river  can  not  be  stated  with  any  accuracy,  but  probably  amounts  to  from  2,000  to  3,100  horse-power. 

The  next  power  to  be  noticed  is  about  1  mile  above  the  main  village  of  Glens  Falls,  at  the  state  feeder-dam. 
There  are  some  rifdes  before  reaching  it,  but  the  fall  is  said  to  be  too  slight  to  have  any  importance.  The  dam  is 
straight,  618  feet  long  between  abutments,  and  is  a  crib-work  filled  with  stone,  with  a  sloping  apron  of  the  same 
construction,  the  whole  planked  over;  it  rests  on  rock,  and  was  built  about  1875.  A  sluice- way  in  the  center 
provides  for  running  over  logs.  The  abutments  are  rock-faced  masonry.  At  the  north  end  of  the  dam  is  a  double 
lock,  one  side  for  boats  and  the  other  to  serve  as  a  water-way  only.  The  Glens  Falls  feeder  runs  from  this  point 
to  the  Champlain  canal  and  carries  off  a  large  amount  of  water,  there  being  a  rapid  current  through  the  lock.    The 


Fig.  3.- 


-View  of  Hudson  river  at  Glens  Falls  dam,  showing 
booms  and  piers  for  holding  logs. 
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surplus  power  at  this  end  of  the  dam  is  owned  by  Van  Deusen  &  Freeman,  and  is  used  by  them  in  a  saw-mill  running 
2S  or  30  water  wheels,  power  unknown,  and  sawing  an  average  of  from  10,000,000  to  11,000,000  feet  of  lumber  per 
year.  The  mill  is  close  to  the  dam  and  has  a  fall  of  14  or  14J-  feet.  On  the  south  side  the  power  is  owned  nud 
used  in  large  sawmills  by  Pinch,  Pruyn,  &  Co.  and  A.  Sherman.  The  state  maintains  20-inch  brackets  on  the 
dam,  and  will  not  permit  the  mills  to  draw  down  the  pond  more  than  half-way  on  these  brackets.  There  is  more 
or  less  shortage  of  water  at  the  mills  during  four  months  in  the  year. 

Glens  Falls  to  Palmer  falls. — Above  the  feeder-dam  slack-water  continues  for  some  6  miles,  the  greater  part 
of  which  is  included  in  a  long  bend,  or  "ox-bow",  and  here  is  the  great  "Hudson  Eiver  boom",  where  immense 
numbers  of  logs  are  held  for  the  use  of  the  mills  on  the  river  below.  The  surrounding  country  is  level  and  sandy 
as  far  as  the  mountains,  several  miles  west  of  Glens  Falls. 

Immediately  succeeding  the  slack-water  formed  by  the  feeder-dam,  Messrs.  Van  Deusen  and  Sherman  own  an 
unimproved  privilege  which  they  hold  for  sale.  It  is  about  4  miles  from  the  railroad,  offers  a  pebbly  bed  for  a  dam 
and  has  a  large  tract  of  level  land  adjaiient.  The  privilege  is  reckoned  at  from  20  to  30  feet  fall  according  to  the 
height  of  dam.  With  a  dam  G  feet  high  and  a  race  three-quarters  of  a  mile  long  it  is  stated  that  a  fall  of  22  feet 
can  be  obtained.     The  corresponding  power  may  be  estimated  as  below: 

Estimate  of  power  at  Van  Deusen  and  Sherman's  unimproved  privilege  above  the  ^^ Hudson  River  boom". 


Stage  of  river. 

KAINFALL  ON  BABIN. 

Drainage 
area. 

Flow 

per  second, 

average 

for  the  24 

houra. 

Spring. 

Sammer. 

Antnmn.    Winter. 

Year. 

Inches. 

Inches. 
12 

Inches.  ,   Inches. 

! 

lOi                  8 

Inches. 
39i 

Sq.  Tniles. 
2,704 

Cubic  feet. 
(         260 
\          340 
l          620 

1  foot  fall. 
29.54 
38.62 
70.43 

20  feet  fan.  '  11  feet  fall    30  feet  fall. 
590    !•            650                     890 

776                   850     '               1, 160 

Available  10  months,  average  year 

J 

1,410              1,550    i             2,110 

Upon  following  the  course  of  the  river  into  the  mountains  there  is  found  to  be  a  continuous  rapid  for  some 
miles ;  this  is  succeeded  by  quiet  water  for  half  a  mile  or  so,  after  which  there  are  rapids  at  short  intervals.  Through 
the  mountains,  before  reaching  Palmer  falls,  so  far  as  there  was  opportunity  to  examine,  the  bed  was  found  to  be 
composed  of  gravel  and  bowlders,  without  displaying  much  ledge  rock.  The  banks  are  rocky  in  places,  but  to  a 
large  extent  are  of  sand  with  bowlders  intermixed.  The  valley  is  comparatively  narrow,  and  is  inclosed  by  high 
hills  which  frequently  rise  abruptly  from  the  stream,  especially  on  the  right.  The  valley  is  sparsely  settled, 
without  any,  railroad,  has  apparently  small  value  for  farming,  and  is  not  suited  to  the  location  of  large  villages. 

Power  at  Palmer  falls. — The  privilege  at  that  place  is  owned  by  the  Palmer  Falls  Water  Power  Company 
(not  incorporated),  J.  S.  Alexander  being  the  local  representative  of  the  company's  interests.  The  power  is  but 
partially  developed,  and  apparently  no  special  effort  has  been  made  for  its  thorough  improvement.  It  is  a 
magnificent  privilege,  but  appears  difficult  and  expensive  to  utilize  completely.  Past  Hadley,  at  the  month  of  the 
Sacondaga,  the  Hudson  runs  southerly,  a'nd  soon  enters  a  more  open  country  than  it  has  previously  traversed.  A 
few  miles  below  Hadley  it  turns  and  runs  easterly.  From  Kockwell  falls,  just  above  the  Sacondaga,  down  to 
Jessup's  landing  there  is  said  to  be  smooth  water,  which  was  observed  to  be  the  case  wherever  the  river  was  visible 
from  the  carriage- road.  Shortly  below  the  ferry  at  Jessup's  landing  rapids  begin,  and  the  stream  enters  a  rocky 
gorge  in  the  hills.  In  a  distance  which  was  judged  to  be  less  than  a  mile  there  was  stated  to  be  a  descent  of  from 
105  to  110  feet,  and  80  feet  of  this  is  concentrated  within  a  few  hundred  feet  at  Palmer  falls.{a)  The  scenery  at 
that  point  is  rugged  and  grand;  the  river  is  confined  between  precipitous  ledges,  its  bed  is  solid  rock,  and  its 
waters  pass  down  in  a  final  plunge  of  nearly  30  feet  into  a  pool  below.  Quiet  water  then  succeeds  for  perhaps 
half  a  mile  down  stream,  after  which  the  character  of  the  river  is  as  has  already  been  described. 

The  steep  rocky  sides  between  which  the  river  fl.ows  above  the  principal  falls  render  its  improvement  there 
impracticable.  The  last  80  feet,  including  those  falls,  has  been  partially  improved,  however,  though  only  30 
feet  is  actually  utilized.  At  the  head  of  the  main  falls  a  log  dam  extends  across  the  river  in  an  irregular  line, 
following  some  distance  parallel  to  the  right  bank  so  as  to  give  sufficient  overflow.  It  is  a  crib-work  structure 
with  vertical  face,  and  on  top  a  short  slope  each  way  from  the  crest.  The  roll-way  is  600  feet  long,  with  a  height 
ranging  from  10  to  over  30  feet,  but  averaging  about  25  feet.  It  abuts  against  the  rocky  wall  of  the  stream  on 
the  left,  and  on  the  right  has  a  masonry  abutment.  Water  is  admitted  to  the  race  through  a  timber  bulkhead 
measuring  from  40  to  50  feet  across  and  having  4  gates.  From  the  bulkhead  this  race  is  continued  some  300  feet, 
being  confined  on  the  river  side  by  a  masonry  wall  averaging  25  feet  in  height  and  4J  or  5  feet  in  width  on  top, 
while  on  the  shore  side  is  the  natural  wall  of  rock.  This  race  constitutes  the  upper  level,  which  has  been  improved 
by  the  Hudson  Elver  Pulp  &  Paper  Company  with  the  view  of  locating  new  mills  between  it  and  the  lower  level, 
to  be  described.    A  dispute  between  this  company  and  the  water-power  company,  however,  has  brought  operations 


a  The  total  fall  from  Jessup's  landing  to  the  top  of  the  feeder-dam  was  reported  to  be  200  feet,  but  the  accuracy  of  the  statement 
can  not  be  Touched  for.    The  fall  is  probably  at  least  the  amount  reported.  or^g 
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to  a  standstill,  after  au  expenditure  by  the  former  of  about  $35,000  for  dam,  race,  and  connected  work.  The  level 
now  terminates  in  a  timber  bulkhead  and  on  one  side  a  weir  80  feet  long,  over  which  water  falls  to  the  lower  level. 

Any  overflow  from  the  dam  and  any  leakage  through  it  are  at  low  water  diverted  entirely  to  the  lower  level  by 
a  natural  barrier  of  rock  which  extends  across  the  course  of  the  stream  a  short  distance  below  the  dam.  The  water 
enters  this  level  through  a  timber  bulkhead  and  passes  on  to  the  mills,  being  sustained  on  the  river  side  by  a  wall  of 
crib-work.  The  fall  from  the  upper  level  to  the  lower  is  about  50  feet,  and  thence  to  the  river  30  feet.  The  only  use 
of  power  here  is  made  by  the  company  already  mentioned,  manufacturer  of  news-  and  hanging-papers  and  refined 
spruce  and  poplar  wood-pulp.  The  production  is  10  tons  of  paper  and  8  tons,  dry  weight,  of  wood-pulp  per  day.  All 
the  pulp  is  worked  up  here  in  the  manufacture  of  paper.  Water  for  power  is  taken  entirely  from  the  second  level, 
and  used  under  a  head  ranging  from  20  to  30  feet  on  the  different  wheels,  but  estimated  as  averaging  about  27  feet. 
The  total  horse-power  of  wheels  in  place  is  from  1,450  to  1,500. 

There  has  been  manufacturing  of  some  kind  at  this  privilege  for  forty  or  fifty  years,  and  power  was  formerly 
used  by  a  small  woolen-mill.  The  paper-mill  has  been  located  here  since  about  1870.  With  the  present  head  in 
use  it  at  times  requires  all  the  flow  of  the  river.  This  was  the  case  in  the  summer  of  1882,  and  even  toward  the 
end  of  October  in  that  year. 

Estimate  of  power  at  Palmer  falls. 


KAINFALL  ON  BASIN. 

Drainage 
area. 

Flow 
per  second. 

Effective 

Stage  of  river. 

Spring. 

Som- 
mer. 

An- 
tnmn. 

Winter. 

Tear. 

average 

for  the  24 

hours. 

Theoretical  horee-po'wer. 

horse-power 
utilized. 

Inches. 

Inches. 
12 

iTiches. 

11 

Inches. 
8 

Inches. 
40 

Sq.  miles. 
2,650 

Cubic  feet. 
250 
330 

IfootfaU. 
28.40 
37.49 
68.16 

30  feet  faU. 
850 
1,120 
2,040 

SOfeetfaU. 
1,420 
1,870 
3,410 

SOfeetfaU. 
2,2701 
3,  000  I 
5, 450  J 

1,  450-1,  500 

AvailaMe  10  months,  average  year. 

600 

The  Hudson  at  Hadley  and  above. — There  is  quiet  water,  as  has  been  said,  from  Jessup's  landing  to  Hadley. 
At  the  latter  point,  immediately  above  the  mouth  of  the  Sacondaga  river,  is  the  last  improved  power,  so  far  as  was 
learned,  on  the  river.  It  is  at  the  foot  of  what  were  known  as  Edckwell  falls,  and  is  occupied  by  the  Eockwell  Palls 
Fiber  Company,  manufacturer,  by  chemical  process,  of  wood-pulp  from  pine,  spruce,  bass,  and  poplar,  with  a 
production  of  5  tons  per  day.  The  dam  is  a  log  and  stone  crib-work  about  140  feet  long  and  13  feet  high,  with  a 
sloping  apron;  including  the  apron,  the  width  of  the  structure  at  the  base  is  40  feet.  It  was  built  in  1881  and 
cost  $5,000.  Wheels  of  an  aggregate  of  120  horse-power  are  in  use  under  13  feet  fall,  and  there  is  always  much 
more  than  enough  water  for  running  them.  The  mill  is  on  the  Hadley  side,  and  just  across  the  stream  is  the  village 
of  Luzerne. 

Slack- water  from  the  dam  just  described  extends  but  a  short  distance,  and  then  there  are  short  falls  with  rocky 
bed  and  banks.  Thence  14  miles  to  Thurman  there  is  smooth  water  nearly  all  the  way,  with  very  few  riffles  even. 
The  bed  is  gravelly,  while  the  immediate  banks  are  in  the  main  sandy,  and  in  places  successive  terraces  are  seen 
rising  from  the  stream.  As  we  ascend  above  Hadley  the  immediate  banks  become  lower,  and  the  river  is  frequently 
divided  by  islands.  The  valley  contracts,  and  is  hemmed  in  by  high  rocky  hills,  so  denuded  of  timber  as  to  present 
a  bare  and  forbidding  appearance.  It  is  seldom  more  than  a  quarter  or  a  third,  of  a  mile  wide  between  the  bases 
of  the  hills,  and  frequently  the  distance  diminishes  to  a  few  hundred  feet.  There  are  but  few  habitations,  and  the 
land  in  the  valley  appears  practically  valueless  for  farming. 

Above  Thurman  the  fall  is  more  rapid.  There  are  riffles  at  short  intervals,  and  at  length  the  rate  of  descent 
becomes  uniformly  swift.  The  bed  and  banks  also  change  their  character;  the  former  is  now  covered  with  bowlders, 
and  even  displays  ledges  at  intervals,  while  the  banks  are  also  rocky  much  of  the  way.  At  IfTorth  Creek  bridge 
the  Hudson  is  250  feet  wide,  with  a  firm  gravelly  bed  and  a  good  current.  It  is  there  subject  to  sudden  and  heavy 
freshets,  and  at  such  times  overflows  the  adjoining  flats,  though  they  do  not  reach  far  back  from  its  course.  The 
surrounding  hills  were  once  heavily  clothed  with  timber,  but"  now  display  for  the  most  part  naked  masses  of  rock. 
At  present  the  cutting  of  timber  is  mainly  30  miles  or  more  to  the  northward  from  North  Creek.  The  Adirondack 
Company's  railroad  has  not  been  extended  above  that  village,  and  the  examination  of  the  river  ceased  there.  The 
stream  was  described  as  retaining,  for  a  long  way  above,  the  same  general  features  that  have  already  been  noticed 
as  characterizing  its  course  north  from  Thurman. 
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Locality. 


From  lake  Tear-of-the- 
Clouds  to,  the  mouth  of 
North  creekv 

Below  the  mouth  of  North 
creek. 

From  North  creek  to  the 
crest  of  the  Kockwell 
Falls  dam. 

Hadley  (Eock-well  falls)  . 

Palmer  falls 


Mannfacture. 


Four  miles  west  of  Glens 
Falls. 


State  feeder-dam. 


Glens  Falls . 
Do 


Chemical  wood-pulp  .  - . 

News-  and  hangiuei-pa- 
pers  and  wood-pulp. 


Unimproved . 


Lumber. 


Lumber,    paper,    flonr, 
marble,  and  lime. 

Unimproved 


Sandy  Hill  (upper  privi-     Lumber. 

lege). 


Sandy  Hill  (Baker's  falls) 


Foit  Edward  . 


Wall-paper,  manila  pa- 
per, and  machinery. 

Lamber,  iron,  pottery, 
stoneware,  paper,  and 
flour. 

To'al  from  the  month  of  , 

the  Sacondaga  river  to 
Fort  Edward. 

Fort  Miller Hanging-paper,  mainly . 

Saratoga  dam Lumber 


Short  distance  below  the  ■  Unimproved 

Saratoga  dau^.  j 

Stillwater Hosiery,  paper.andflour 


Mechauicsville 
land's  dam). 

Mechanicsville 
privilege). 


(How-     ilanufacture     will    be 
paper. 

(main     Manufacture     will    be 
paper  and  wood-pulp. 


Drainage 
area. 


Sq.  milee. 


753 


1,598 
2,650 


2,704 


2,716 


2,744 


2,881 
2,904 


,700 


Fall. 


Feet. 
8,341 


431 


13 

80 


14 

40-43 
15 

7-9 
55 

«J) 

418 


Ff om  Mechanicsville  to     Unimproved 

Troy. 

Troy  and  Green  Island  . .    Paper,  sashes  and  blinds, 
flour,  and  stoves. 


8,034 


]Say8 

i        '2 

i 

8 
16 

!      e30: 
I        10 


BSTIMATED  THEOREHOAL  H0E8K- 
POWEE.  (a) 


Low  water, 
dry  year. 


6  7.95 


240 
2,270 


500-890 


270 


870 


190 
510 


Low  water, 
average  year. 


611.36 


300 
3,000 


770-1, 160 


500 
5,450 


1,410-2,110 


410 


460 


1,640 
i  102.  24 


250 

570 


Available  10 
months,  .av- 
erage year. 


b  19.  31 


890 


810 


Effective 

horse-power 

of  wheels 

in  use. 


120 
1, 450-1, 500 


(0 
2,  000-2, 100 


900(») 


1,847 


880  ± 


Kemarks. 


250  ± 
160(?) 


510 
970 


1,820 
6113.60 


2,910 
6181.76 


1,  293+ 


Fall  entirely  unimproved.  Eiver  not 
accessible  by  railroad. 

Eiver  about  250  feet  wide,  with  good 
current  and  gravelly  bed. 

Eiver  followed  by  railroad.  Narrow 
rocky  valley  and  very  little  settle- 
ment.   No  use  of  power. 

Production  5  tons  per  day. 

Manufacturing  carried  on  by  the  Hud- 
son Eiver  Pulp  &  Paper  Company. 
Privilege  owned  by  the  Palmer  Falls 
Water  Power  Company.  Only  30 
feet  fall  actually  in  use. 

Privilege  owned  by  Van  Deusen  and 
Sherman.  It  is  stated  that  a  dam  6 
feet  hi£h  and  a  lace  three-quarters 
of  a  mile  long  will  give  22  feet  fall. 
Pebbly  bed  for  dam,  and  abundant 
building-room. 

Dam  owned  by  the  state.  Surplus 
power  used  by  large  saw-mills  on 
both  sides  of  the  j-iver. 

Scarcity  of  water  during  two  or  three 
months  in  the  year. 

Privilege  owned  by  the  Morgan  Lnm- 
ber(^ompany.  Eocky  bed  and  banks, 
and  good  building-site. 


Estimated  production  of  paper,  165  tons 
per  week.  1^'ull  power  of  the  priv- 
ilege not  yet  developed. 

Twomills  sawannually  about  30,000,000 
feet  of  lumber. 

From  200  to  220  feet  may  be  regarded 
as  developed  for  use,  though  not  all 
of  this  amount  is  actually  employed. 

Small  power  also  used  by  a  grist-mill. 

State  feeder-dam,  and  pool  also  used 
for  crossing  of  Champiain  canal. 
Surplus  power  owned  by  Lemon 
Thompson.  About  12,000,000  feet  of 
lumber  estimated  to  be  sawed  at  mill 
in  1882. 

Owned  by  Lemon  Thompson.  Favor- 
able for  improvement. 

Power  owned  by  John  B.  Newland. 
Several  good  .sites  with  power  yet 
for  sale. 

Now  owned  by  Hudson  Eiver  Water 
Power  &  Paper  Company. 

Newly  developed.  See  description. 
Twenty  feet  fall  available  by  raising 
dam. 

It  is  estimated  that  one  good  privilege 
with  18  feet  fall  cau  be  established. 

Power  on  east  side  represented  by 
Troy  Hydraulic  Company.  On  west 
side  leaised  by  heirs  of  G.  M.  Tib- 
bits.  State  owns  dam,  and  only  sur- 
plus water  can  be  used. 


a  Based  upon  average  flow  for  the  24  hours.  6  Per  foot  fall. 

d  Dam  16  feet  high,  but  head  actually  in  use  stated  to  average  only  about  8  feet. 


c  Amount  uncertain. 
e  Total  fall. 


TEIBUTAEIES  OF  THE  HUDSON  EIVBE. 


In  view  of  the  large  number  of  tributary  streams  included  within  the  Hudson  Eiver  basin  and  having  more  or 
less  value  for  power,  it  was  impracticable  to  attempt  more  than  to  gain  a  reasonably  full  description  of  some  of 
the  more  important  of  them,  and  personal  examinations  were  confined  to  the  larger  streams  emptying  above  Troy. 
A  great  many  streams  were  thus  omitted  which  are  suited  to  powers  of  moderate  size,  and  which  would  in  some 
instances  doubtless  support  very  considerable  manufacturing  interests.  The  aggregate  of  power  in  use  on  these 
is  also  large,  but  mainly  distributed  among  small  mills,  and  sufficient  knowledge  upon  that  point  can  probably  be 
gained  from  the  tables  of  utilized  powers. 

361 
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List  of  the  principal  tributaries  of  the  Rwdson  river. 


Name  of  stream. 

Drainage 

area. 

Name  of  stream. 

Drainage 
area. 

■■  Sq.  Tniles. 
124 
566 

1,028 
457 
253 
710 

3,493 
161 
534 

Sg.  miles. 
419 
239 
438 
1,252 
183 
189 
165 
368 

"Rattpn  kill 

Wappinfjer  creek , 

FishkUI  creek 

Mohawk  river 

THE   MOHAWK   RIVEE. 

This  important  river  has  its  sources  in  western  Kew  York  state,  near  the  boundary  between  Lewis  and  Oneida 
counties,  about  40  miles  from  the  eastern  end  of  lake  Ontario  and  15  or  20  miles  north  of  the  city  of  Eome.  It 
runs  southerly  to  that  city,  and  then  takes  a  course  somewhat  south  of  east  across  the  state,  passing  through  the 
counties  of  Oneida,  Herkimer,  Montgomery,  Schenectady,  and  forming  the  boundary  between  those  of  Albany  and 
Saratoga,  finally  emptying  into  the  Hudson  a  little  above  Troy.  It  has  a  drainage  area  of  3,493  square  miles,  a 
length  by  actual  course  of  from  140  to  145  miles,  and  receives  successively  below  its  source,  as  principal  tributaries, 
Oriskany,  West  Canada,  East  Canada,  and  Schoharie  creeks,  the  first  and  last  of  these  from  the  south,  while  the 
Canada  creeks  come  from  the  Adirondack  mountains  to  the  northward.  From  Eome  to  its  mouth  the  Mokawk  is 
closely  followed  by  the  Erie  canal  and  the  New  York  Central  and  Hudson  Eiver  railroad.  The  valley  has  thus 
become  a  great  thoroughfare  between  the  West  and  the  East,  and  in  it  a  line  of  prosperous  towns  has  sprung  up, 
the  most  important  places,  in  order  from  the  head,  being  Eome,  with  12,000  inhabitants;  Whitesborough,  1,400; 
Utica,  34,000;  Frankfort,  1,100 ;  Iliou,  3,700 ;  Mohawk,  1,400 ;  Herkimer,  2,400 ;  Little  Palls,  6,900 ;  Saint  Johnsville, 
1,100;  Fort  Plain,  2,400;  Canajoharie,  2,000;  Pultonville,  900;  Fonda,  900;  Amsterdam,  9,500;  Port  Jackson,  700; 
Schenectady,  13,700 ;  Cohoes,  19,400 ;  and  Waterford,  1,800. 

The  immediate  valley  of  the  Mohawk  is  broad  and  open,  frequently  1  or  2  miles  in  width,  and  is  made  up 
of  level  meadows  from  which  there  is  a  rise,  usually  gradual  but  sometimes  abrupt,  to  the  summits  of  high  hills 
which  attain  altitudes  of  several  hundred  feet  above  the  stream.  The  valley  is  not,  however,  throughout  as  open 
as  has  been  described;  toward  the  mouth  it  becomes  at  points  quite  contracted  and  the  meadows  disappear ;  at 
other  localities  rocky  bluff's  now  and  then  approach  the  stream  on  one  side  or  the  other,  and  at  Little  Falls  it  cuts 
through  a  remarkable  gorge,  the  rocky  walls  of  which  rise  precipitously  500  or  600  feet.  West  of  Eome  the 
water-shed  between  the  river  basiu  we  are  considering  and  the  section  draining  toward  lake  Ontario  has  an 
elevation  above  Siea-level  of  only  about  430  feet.  This  is  said  to  constitute  the  lowest  pass  in  the  Appalachian 
system  of  mountains,  and  has  been  taken  advantage  of  as  a  route  for  the  Erie  canal. 

,  The  highlands  to  the  north  of  the  river  valley  are  succeeded  by  an  elevated  plateau  having  a  general  slope 
toward  the  river,  and  rising  here  and  there  in  summits  to  elevations  of  from  2,500  to  3,000  feet  above  tide.  Transparent 
lake,  drained  by  the  upper  waters  of  West  Canada  creek,  has  an  altitude  of  2,187  feet  above  sea-level.  The  flats 
which  border  the  river  have  a  rich  alluvial  soil  finely  suited  to  the  raising  of  grass,  grains,  and  broom-corn;  the 
more  elevated  lands  are  covered  with  a  sandy  and  gravelly  loam  of  fine  quality,  and  there  stock-raising  and  dairying 
are  the  principal  industries.  To  the  northward,  where  the  Mohawk  basin  touches  upon  the  Adirondacks,  the 
primary  formation  is  met  with,  and  granite,  gneiss,  hornblende,  and  allied  rocks  prevail.  These  occasionally  crop 
out  also  at  localities  farther  south,  as  at  "the  Noses",  bordering  the  river  in  Montgomery  county,  and  at  Little 
Falls.  At  Cohoes  and  other  points  along  the  lower  river  the  bed  and  banks  are  composed  of  Hudson  Eiver  shale 
and  slate.  In  Montgomery  county  heavy  masses  of  calciferous  sandstone  appear  on  the  north  side  of  the  stream, 
and  the  Black  Eiver  and  Trenton  limestones  afford  valuable  quarries  of  building-stone.  In  Herkimer  county  the 
Utica  slate  is  said  to  crop  out  on  the  summits  of  all  the  hills  immediately  north  of  the  Mohawk. 

Below  Eome  the  fall  in  the  river  is  in  general  small  and  quite  uniform,  being  made  up  of  long  quiet  reaches 
separated  by  slight  riffles.  At  Little  Falls  the  uniformity  is  broken  and  the  river  descends  in  successive  falls  a 
total  of  about  45  feet  in  2,500.  From  Eome  to  the  lower  aqueduct,  at  Crescent,  a  distance  of  110.7  miles,  there  is 
a  fall  of  269  feet,  or  an  average  of  2.43  feet  per  mile.  Thence  to  the  level  of  slack-water  above  the  Troy  dam  there 
is  a  farther  descent  of  149.5  feet  in  4.4  miles,  but  of  this  104  feet  is  included  within  the  magnificent  improved  power 
at  Cohoes. 
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Table  shoicing  the  fall  In  the  Mohawlc 


Locality 


Distance 

from  jnoutli 

of  riTcr. 


Konie  above  feedor-dam , 

Ni'w  York  CcDtral  and  Hudson  Eivcr  Eallroad 
crossing  4  miles  east  of  Home. 

Xt-iv  Yoili  Central  and  Hudson  Eirer  Eailroad 
crossing  3  miles  cast  of  IJt'.ca. 

Month  of  Schoharie  creek 

New  Toik  Central  and  Hudson  Eiver  Eailroad 
crossing  at  Schenectady. 

LoTver  aqueduct 

Month  of  river 


Elevation 
of  water- 
surface 
above  im'!n 
sea-levi'l. 


115.1 
112.1 

96.1 

41.  C 
■       19.2 

4.4 

0.0 


Distance  Full 

between       between 
points.  pointH. 


430.5 
41H.4 

393.3 

c370.  0 
2l;l.7 

(•  101.  5 

cl2.  0 


Miles. 
3.0 
17.0 
53.5 
'12.  4 
14.8 
4.4 


Fn-L 
1-J.  I 
25.1 

123.3 
50.3 
52.2 

149.  -> 


Fall 
T)cr  mile 
bntweon 
points. 


4.03 
1.48 
2.30 
2.51 


Authority  for  elevation. 


3.63 


Erie  Canal  proflle.{aJ 

New  York  Central  and  Hudson  Eiver  Eailroad  profile.(6) 

Do. 

Do. 
Do. 

The  Eiie  Canal  profile  gives  water-surface  in  canal  at 
aqueduct  as  187.99  feet  +  mean  lowtidc  ,'it  Albany. 

Estimated  elevation  of  slack  water  above  Troy  dam  at 
mouth  of  "North  branch". 


a  The  plane  of  reference  for  that  profile  is  mean  low-tide  at  Albany,  which  is  2.07  f&et  above  mean  sea-level. 
b  A  large  number  of  elevations  on  the  lines  of  this  railroad  were  kindly  supplied  by  Mr.  Charles  H.  Fisher,  chief  engineer. 
c  Approximate. 
d  Fall  mainly  concentrated  at  Cohoes. 

For  a  large  part  of  the  year  the  Mohawk  is  comparatively  steady  in  flow,  but  at  times  it  becomes  swollen  to  a 
violent  flood,  and  in  spring  bears  along  heavy  masses  of  running  ice.  In  one  fresh  at  20  years  ago  there  is  said 
to  have  been  a  depth  of  12  feet  of  water  on  the  Cohoes  dam.  When  it  is  considered  that  this  was  upon  a  roll- way 
some  1,400  feet  long,  an  idea  is  gained  of  the  tremendous  volume  of  water  that  must  then  have  been  pouring  down 
the  eourse  of  the  stream.  At  the  lower  and  upper  aqueducts  spring-freshet  rises  of  9  or  10  feet  are  not  uncommon, 
and  on  the  rifts  at  the  former  point  the  river  is  said  to  have  risen  many  years  ago  to  a  level  with  the  canal,  or 
about  28J  feet.  Such  excessive  rises  seem  to  have  been  aggravated  by  ice-gorges,  which  even  now  often  form 
below  Schenectady,  in  the  vicinity  of  Little  Falls,  and  very  likely  at  other  localities,  but  which  are  less  dangerous 
than  formerly,  as  there  are  more  obstructions  in  the  form  of  piers  and  dams  to  break  up  the  ice.  The  general 
clearing  up  of  the  country,  the  more  extended  cultivation  of  the  soil,  and  the  drainage  of  swamp-lands  in  the 
vicinity  of  Eome,  have  combined  to  produce,  in  general,  greater  fluctuations  of  flow  than  formerly  characterized 
this  river.    Twelve  hours  after  a  rainfall  in  the  center  of  the  state  its  effect  is  usually  visible  at  Cohoes. 

At  a  number  of  points  the  Mohawk  is  drawn  upon,  either  directly  by  dams  across  its  course  and  connecting 
feeders,  or  indirectly  by  tapping  its  tributaries,  to  supply  the  Erie  canal  during  the  season  of  navigation.  The 
draughts  thus  made  vary  somewhat  from  time  to  time,  according  to  the  amount  of  traflic  passing  over  the  canal 
and  from  other  causes,  but  on  the  whole  are  tolerably  uniform,  and  at  several  localities  are  quite  large.  How  much 
of  the  water  ultimately  finds  its  way  back  into  the  river  throitgh  one  channel  and  another  it  is  of  course  impossible 
to  say.  The  extent  of  the  demands  made  upon  the  Mohawk  for  canal  purposes  may  be  learned  from  the  following 
statement,  the  data  for  which  are  taken  from  the  Annual  Report  of  the  State  Engineer  and  Surveyor  for  the  year  1867 : 

Diversion  of  water  to  the  Erie  canal. 


Source  of  supply. 


Champlain  canal  and  Mohawk  river  at  Cohoes. - 

Mohawk  river  at  Eexford  Flats 

Schoharie  creek 

Mohawk  river  at  Eocky  rift 

Mohawkriver  at  Little  Falls 

Hion  creek 

Oriskany  creek 


Butt's  creek 

Tipper  Mohawk  river,  and  reservoirs  in  the  Black 
Eivcr  basin ;  supply  received  at  Eone. 


Amount 
furnished 
per  second. 


Cubic  feet. 
110 
183 
113 
177 
211 
13 


Eemarks. 


Includes  the  amount  coming  down  the  Champlain  canal,  the  balance  being  taken  from  the  Mohawk. 

Taken  from  the  creek  near  its  mouth  and  conveyed  through  a  short  feeder 

4|  miles  below  Little  Falls. 

Taken  from  the  pool  above  the  upper  dam. 

Dam  near  mouth,  with  short  feeder.  At  Solsville,  near  the  head  of  the  creek,  a  diversion  is  made  to 
the  latter  of  a  considerable  amount  of  water  from  a  series  of  reservoirs  lying  naturally  within  the 
basin  of  the  Chenango  river.  A  portion  of  their  supply  passes  down  to  TJtica  via  the  Chenango 
canal,  the  receipt  from  which  source  is  stated  at  15  cubic  feet  per  second ;  the  remainder  descends 
througli  Oriskany  creek  and  is  controlled  by  the  dam  above  mentioned. 

2^  miles  east  of  Keme. 

In  the  upper  basin  of  Black  river  is  a  series  of  large  reservoirs,  the  storage  of  which  is  conducted  to 
Boonville,  on  the  summit  level  of  the  Black  Eiver  canal.  One  portion  passes  down  that  canal 
northward  toward  Cat  thage.  A  second  portion  descends  southerly  through  the  Black  Elver  canal 
to  Eome,  being  re-enforced,  4  miles  north  of  the  city,  from  the  Mohawk:  n™r,  by  means  ot  the  Delta 
feeder :  the  receipts  of  the  Erie  canal  at  Eome  from  this  source  are  stated  at  22  cubic  feet  per  second. 
The  third  and  remaining  portion  of  the  water  descends  through  the  channel  of  the  Lansmg  kill  and 
upper  Mohawk  to  Eome,  increased  on  the  way  by  the  natural  drainage  to  the  river,  and  is  there 
controlled  by  a  dam  and  feeder,  supplying  thus  196  cubic  feet  per  second  to  the  Erie  canal. 


Watek-powbrs.— Shortly  before  reaching  the  Hudson  river  the  Mohawk  divides  into  three  principal  channels, 
separated  by  islands,  and  by  throwing  dams  across  the  minor  passages  which  are  formed  by  other  and  smaller 
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islands  in  the  northern  of  the  main  channels,  two  very  good  water-privileges  have  been  developed.  The  lower  of 
these  privileges  is  along  what  is  known  as  "King's  ditch",  or  "  King's  canal".  A  short  timber  dam  runs  out  on 
the  rocky  bed  of  the  river  to  a  small  island,  and  beyond  it  is  continued  in  a  second  section  to  the  large  Haver 
island  which  divides  the  north  and  middle  channels  of  the  river.  Water  is  admitted  to  the  canal  through  a  timber 
bulkhead  about  45  feet  long,  and  passes  half  a  mile  down  the  north  bank  of  the  river,  supplying  on  its  way  the 
various  mills  which  are  between  the  canal  and  river.    The  fall  obtained  is  13  or  14  feet. 

This  privilege  was  developed  some  50  years  ago  by  Foster  King,  and  rights  have  been  sold  off  at  various  times 
since  to  the  mill-owners.  The  Avhole  power  is  nominally  divided  into  twenty  equal  parts.  Repairs  are  attended  to  by 
an  association  of  the  manufacturers  called  the  King's  Canal'  Company,  and  each  share  is  assessed  for  its  proportion 
of  the  resulting  expenses.  K"o  system  of  measurement  is  maintained,  however,  to  insure  that  each  mill  shall  receive 
the  proper  amount  of  water.  For  about  nine  mouths  in  the  year  there  is  an  abundant  supply,  but  the  remainder 
of  the  time  there  is  more  or  less  scarcity,  usually  in  summer,  but  sometimes  also  in  winter.  The  manufacturing  at 
this  privilege  comprises  stove-nuts,  printing  paper,  stocks  and  dies,  straw-board,  flour,  and  machine  work.  There 
are  seven  different  mills  and  shops,  and  in  1880  an  aggregate  of  nearly  450  horse-power  of  wheels  was  in  use. 

The  next  power,  a  short  distance  above,  is  owned  by  Messrs.  Himes  &  Vail,  who  run  10  sets  of  machinery  in  the 
manufacture  of  shirts  and  drawers.  The  privilege  is  a  very  old  one,  and  was  formerly  occupied  by  a  grist-mill  and 
a  satinet-mill.  The  extreme  northerly  channel  of  the  Mohawk  is  here  crossed  by  a  timber  dam  resting  on  a  ledge 
and  running  out  to  the  high  rocky  bank  of  Mill  island.  It  presents  an  angle  up  stream,  has  a  vertical  face,  and  is 
to  be  replaced  by  a  new  framed  structure.  Water  is  admitted  through  a  wooden  bulkhead  and  carried  several 
hundred  feet  to  the  mill  in  an  open  wooden  flume  and  a  cylindrical  wooden  trunk,  the  latter  of  3-inch  iiiue,  5  J  feet  inside 
diameter.  The  dam  has  a  mean  height  of  6f  feet,  and  rapids  which  extend  below  increase  the  head  at  the  mills  to 
12  feet.  One  wheel  of  50  and  one  of  80  horse-power  are  employed.  Himes  &  Vail  not  only  have  enough  water 
for  their  own  use,  but  estimate  a  permanent  surplus  of  150  horse-power,  which  they  would  like  to  lease  for 
manufacturing  purposes.  They  state  that  for  a  desirable  party  they  will  erect  a  suitable  building,  leasing  the  room 
and  power. 

A  short  distance  above  the  power  just  described  is  the  third  from  the  Hudson,  formed  by  the  state  dam  in 
the  pool  of  which  the  Champlain  canal  crosses.     The  dam  is  a  fine  structure  of  stone,  reiJresented  on  a  local  map 

as  1,500  feet  long;  it  has  masonry  abutments  and  a  sloping 
apron  of  crib- work.  Before  this  dam  was  built  for  canal  purposes 
there  were  wing-dams  here  at  which  power  was  used,  and  the 
present  privileges  were  received  from  the  state  in  exchange  for 
for  rights  surrendered.  At  the  south  end  of  the  dam  are  the 
works  of  the  Weed  &  Becker  Ax  Manufacturing  Company,  and 
at  the  north  end,  a  little  way  along  on  the  line  of  the  canal,  is 
the  Munson  Manufacturing  Company's  mill.  This  concern 
makes  knit  underwear,  running  7  sets  of  machinery.  It  obtains 
10  feet  fall,  and  uses  not  over  90  horse-power  from  3  water-wheels 
rated  in  the  aggregate  at  125  horse-power. 

Power  at  Gohoes.— The  Mohawk  at  this  point  runs  in  a  rocky 
trough,  the  bottom  and  sides  of  which  are  composed  of  Hudson 
Eiver  slate  and  shale:  the  (strata  have  a  dip  to  the  northwest, 
and  in  an  artesian-well  boring  are  said  to  have  been  found  to 
a  depth  of  2,300  feet.  The  rock  contains  many  pot-holes,  some 
of  great  size.  In  preparing  the  foundations  for  one  of  the 
Harmony  mills  a  very  large  pot-hole  was  encountered  containing 
the  bones  of  a  mastodon,  from  which  circumstance  the  mill  came 
to  be  known  as  the  Mastodon  mill.  The  skeleton  of  the  gigantic 
animal  is  now  at  the  museum  in  Albany.  The  river  falls  rapidly 
F>^  |Sfegg^^^^^^^ML^MS|||iBMM^^B  pa>st  the  city,  descending,  as  nearly  as  can  be  ascertained,  about 
jjftBt  i   ^BBgE^S        'Wm^^^^^^^^K^mi  23g  £gg^  ^j,Qj^  ^j^g  ^^p  ^j.  ^-^^  Cohoes  Company's  dam  to  the  level 

of  slack-water  from  the  Troy  dam.    Included  in  this  are  the 

"falls"  proper,  where  the  river  suddenly  pitches  down  a  steep 

face  of  rock.    In  low  water  the  volume  of  the  stream  passes 

around  these  falls,  through  the  hydraulic  canals,  and  there  is  only  to  be  seen  the  dark  and  massive  ledge,  relieved 

by  one  or  two  silvery  streaks  where  a  little  escaping  water  finds  its  way  down. 

Water  is  taken  from  the  river  about  3,700  feet  above  the  great  falls  and  nearly  9,000  feet  above  the  state  dam 
previously  referred  to.  The  first  dam,  a  wooden  structure,  waS' erected  in  1831,  partially  destroyed  by  ice  in  1839, 
and  repaired  in  the  same  j-ear.  A  new  dam,  of  wood,  was  ajso  built  in  that  year,  about  50  feet  below  the  first  one, 
and  served  until  1865,  when  the  present  dam  was  built,  immediately  below  and  adjoining  that  of  1839,  the  two 
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Fig.  5. — View  of  Cohoes  Company's  dam. 


forming  substantially  one  structure. 
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The  roll-way  of  this  dam  is  1,400  feet  long,  while  the  height  averages  about 
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Fig.  6,— Map  of  Cohoes  and  Vicinity. 
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10  feet.  It  rests  throughout  upon  rock  ledge,  aud  is  strongly  built  of  limestoue  masonry,  having  a  width  at  base 
of  about  13  feet  aud  a  front  slope  of  2  vertical  to  1  horizontal.  The  coping-stones  are  10  feet  long  with  the  stream, 
3  feet  wide,  2  feet  thick,  and  the  upper  surface  slopes  down  stream  1  vertical  to  4  horizontal.  Tbe  masonry  of  the 
dam  is  well  bonded  by  headers  and  stretchers.  The  coping-stones  are  doweled  together,  and  long  drift-bolts  unite 
them  firmly  to  the  body  of  the  stone-work.  At  cither  end  of  the  dam  are  masonry  abutments,  and  a  short  distance 
above  the  gate-house  a  pier  in  connection  with  the  old  dam  of  1831  serves  as  an  ice-breaker.  The  cost  of  the  new 
dam  and  its  connecting  work  is  stated  to  have  been  $180,000. 

The  bulkhead  is  of  cut  stone,  and  is  surmounted  by  a  neat  brick  building  containing  the  machinery  of  the 
gates.  Of  these  there  are  9  connecting  with  the  canal,  presenting  rectangular  openings  8  feet  by  9  feet  in  size  and 
amounting  in  the  aggregate  to  648  square  feet.  These  openings  are  covered  by  flat  cap-stones,  and  separated  by 
piers  3  feet  thick.  A  tenth  opening  admits  water  to  a  turbine  wheel  of  20  or  30  horsepower  used  in  operating  the 
other  gates.  The  gatehouse  contains  also  two  overflow  weirs  of  36  feet  each,  discharging  to  the  river;  one  opens 
from  above  and  the  other  from  below  the  bulkhead.  There  is  another  waste- weir,  80  feet  long,  immediately  below 
the  gate-house,  opening  from  the  caual  to  the  river,  and  built  of  masonry.  In  addition  to  the  36  foot  overflows  there 
are  two  9foot  gate-openings  toward  the  river — one  above  the  bulkhead,  connecting  the  pond  and  river,  and  available 
for  drawing  down  the  former ;  the  other  below  the  bulkhead,  and  available  for  drawing  down  the  canal. 

The  machinery  for  raising  and  lowering  the  gates  is  very  easily  operated  and  satisfactory  in  working.  The 
turbine  already  spoken  of  is  at  the  river  end  of  the  bulkhead,  and  operates  three  lines  of  shafting;  one  of  these 
2^  inches  in  diameter,  runs  in  at  right  angles  to  the  stream  and  connects  with  the  head-gates ;  the  other  two  run 
in  either  direction  parallel  to  the  stream  and  connect  with  the  waste-gates.  Each  gate  has  attached  to  it  two 
vertical  iron  posts  with  racks.  Opposite  one  post  of  each  gate  is  a  pair  of  beveled  friction-wheels  revolving  in 
parallel  vertical  planes;  a  third  wheel,  revolving  in  a  plane  at  right  angles  to  these,  can  by  a  small  hand-wheel  be 
brought  in  contact  with  either  accordingly  as  it  is  desired  to  raise  or  to  lower  the  gates.  The  turbine  is  started 
and  sets  in  motion  the  long  horizontal  shaft  and  the  odd  friction-wheels ;  in  the  manner  just  described  the  motion 
is  now  communicated  to  one  of  the  adjacent  friction- wheels,  which  is  thus  made  to  revolve,  and  with  it  its  iron 
shaft,  having  a  worm-gear ;  this  turns  a  large  vertical  toothed  wheel,  on  the  axle  of  which  is  a  smaller  toothed  wheel 
directly  engaging  the  rack,  which  is  firmly  connected  with  the  gate.  On  the  same  axle  is  another  toothed  wheel, 
opposite  to,  aud  engaging,  the  other  rack  of  the  same  gate. 

So  far  as  obtaining  the  fall  benefit  of  the  fall  at  Oohoes  is  concerned  the  privilege  is  very  thoroughly  developed. 
]Srear  the  dam  the  Oohoes  Straw  Board  Company  draws  a  small  amount  of  water  from  the  upper  level  under  8J 
feet  fall,  and  discharges  into  the  river;  but,  so  far  as  was  ascertained,  that  is  the  only  exception  to  the  water  being 
used  over  and  over  again  from  different  levels  until  finally  discharged  from  the  lowest  canals  into  the  pool  above 
the  state  dam.    Nine  separate  canals  are  in  use,  as  follows : 

No.  1  runs  from  the  dam  about  1  mile  in  a  course  approximately  parallel  to  the  river.  It  is  SO  feet  wide  at  the 
water-surface,  with  an  average  water-depth  of  10  feet,  (a)  With  the  exception  of  pumps  for  the  city  water-supply, 
the  only  use  of  power  on  this  level  is  by  the  Harmony  mills.    The  fall  to  No.  2  is  18  feet. 

No.  2  is  about  half  a  mile  long,  and  is  used  entirely  by  the  Harmony  mills.  It  is  60  feet  wide  by  8  feet  deep, 
with  a  fall  to  No.  3  of  25  feet. 

No.  3  is  about  three-quarters  of  a  mile  long,  and  is  used  by  20  or  30  mills.     It  measures  60  by  9  feet,  and  has 
a  fall  of  22.7  feet  to  the  level  of  canal  No.  4.    It  also  discharges  with  the  same  fall  into  canal  No.  5,  which  is  carried. 
1,000  feet  in  an  underground  arched  way  and  used  merely  as  a  conduit. 

Nos.  4,  5,  6,  and  7  are  all  on  the  same  level.  No.  4  is  about  1,200  feet  long  and  30  by  6  feet  in  cross-section. 
No.  o,  already  mentioned  as  running  underground,  is  25  feet  by  8  feet.  No.  6  is  1,000  feet  long,  20  feet  wide,  8  feet 
deep,  with  a  fall  of  14  feet  to  No.  9.  No.  7  is  say  800  feet  long,  30  feet  wide,  8  feet  deep,  with  a  fall  of  19  feet  to 
No.  8. 

No.  8  is  about  800  feet  long,  20  by  8  feet  in  cross-section  of  water-way,  and  has  a  fall  of  19  feet  to  the  river. 

No.  9  is  20  feet  wide,  10  feet  deep,  with  a  fall  to  the  river  of  24  feet. 

Oohoes  is  built  upon  a  foundation  of  solid  rock,  through  which  the  canals  have  to  a  large  extent  been  excavated; 
where  they  do  not  have  natural  rock  walls,  artificial  ones  of  stone  or  timber  have  been  built.  The  mills  are  located 
'  in  some  cases  upon  the  margin  of  the  level  from  which  they  draw  water,  in  others  beside  the  level  to  which  they 
discharge,  receiving  their  supply  from  the  higher  canal  through  trunks  or  flumes.  An  interesting  contrivance  for 
getting  rid  of  ice  in  the  upper  level  should  be  mentioned.  Oanal  No.  1  terminates  in  a  "dead  end"  at  the  Harmony 
mill,  and  ice  accumulates  there  in  winter  and  is  liable  to  cause  serious  trouble  unless  removed.  To  effect  this  a 
shaft  was  sunk  there  40  feet  deep  in  the  rock,  and  connected  by  a  tunnel  with  the  river.  This  tunnel  is  7  feet  high 
at  the  center,  5  feet  wide  at  the  base,  and  descends  by  a  grade  of  1  in  12;  it  is  375  feet  long,  and  in  its  course 
passes  successively  under  canals  Nos.  2  and  3.  Through  two  gates,  each  5  feet  square,  a  very  heavy  rush  of  water 
can  be  caused  from  the  canal  down  the  shaft  and  out  through  the  tunnel  to  the  river,  and  by  this  means  the  canal 
is  successfully  and  easily  cleared  of  ice  such  as  would  be  likely  to  cause  trouble. 

a  The  dimensions  vary  slightly  along  all  the  canals,  but  at  the  water-snrfaoe  and  for  the  water-depths  are  substantially  as  given. 
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The  Cohoes  Company,  which  is  the  proprietor  of  the  water-privilege  here  described,  also  owns  the  land 
adjoining  its  canals,  and  to  manufacturers  gives  perpetual  lease  of  land  and  power,  the  property  remaining  subject 
to  a  lien  of  $200  per  annum  per  mill-power;  the  land  may  thus  be  regarded  as  given  outright^  and  the  rental  as 
*  applying  only  to  the  power.  Formerly  the  standard  for  measuring  water  here  was  100  square  inches,  which  was  to 
be  measured  through  an  aperture  in  thin  plate,  50  inches  wide,  2  inches  deep,  and  under  a  head  of  3  feet  from  the 
surface  of  the  water  to  the  center  of  the  aperture.  In  1859  a  series  of  measurements  were  carefully  made,  using  an 
old  canal  lock,  and  it  was  found  that  the  old  standard  corresponded  to  about  5.9  cubic  feet  of  water  per  second. 
Six  cubic  feet  per  second,  however,  was  fixed  upon  and  accepted  by  the  lessees  as  a  new  standard,  and  that  amount  of 
water  under  20  feet  head,  or  its  equivalent,  constitutes  a  "mill-power".  In  order  to  determine  the  amount  of  water 
used,  both  weir  and  flume  measurements,  in  accordance  with  Francis'  formulae,  are  employed.  The  measurements 
are  not  made  at  regular  intervals,  but  whenever  there  are  changes  in  the  wheels,  or  oftener  if  for  any  reason  it  seems 
desirable.  The  cost  of  water-power  at  Cohoes,  assuming  varying  degrees  of  efficiency  for  the  wheels,  is  shown  in 
the  following  table : 

Table  showing  the  cost  of  water-power  at  Cohoes. 


Assumed 
efficiency 
of  wheel. 

Equivalent 

oflmiU- 

power 

in  effective 
horse- 
power. 

Corre- 
spending 
cost  per  ef- 
fective 
horse: 
power. 

Assumed 
efficiency 
of  wheel. 

Equivalent 
of  1  mill- 
power 

in  effective 
horse- 
power. 

Corre- 
sponding 
cost  per  ef- 
fective 
horse- 
power. 

Percent. 
60 
65 
70 

8.18 
8.86 
9.54 

$21  45 
22  m 
20  96 

Per  cent. 
75 
80 
85 

10.22 
10.91 
11.59 

$19  57 
18  33 
17  26 

jjOT-jj, — A  mill- power  costs  $200  per  annum,  and  corresponds  to  6  cubic  feet  per  second  under  20  feet  head,  or  13.63  theoretical  horse- 
power.    The  price  stated  covers  also  land  necessary  for  building-purposes. 

The  permanent  power  of  the  privilege  not  yet  being  fully  employed,  the  question  of  surplus  powers  has  not 
assumed  importance. 

The  growth  of  Cohoes  has  been  great,  and  certainly  warranted  by  the  admirable  advantages  which  it  presents- 
for  manufacturing  by  water-power.  As  shown  above,  the  rates  for  permanent  power  are  very  favorable,  and  the 
substantial  character  of  the  hydraulic  works,  together  with  the  able  management  under  which  they  are  conducted,. 
gives  assurance  to  mill-owners  that  no  ordinary  disaster  can  interfere  with  their  receipt  of  a  full  and  uniform  supply 
of  water.  The  shipping  facilities  could  scarcely  be  surpassed.  For  the  greater  part  of  the  year  there  is  the  best 
of  water  communication  in  three  directions :  South,  about  154  miles  to  New  York,  by  way  of  the  Hudson  river  from 
Troy  or  Albany ;  west  and  north,  by  the  Erie  and  Champlain  canals,  respectively,  which  pass  through  the  city. 
Eailroad  communication  is  afforded  by  the  lines  of  the  New  Tork  Central  and  the  Delaware  and  Hudson  railroads,, 
reaching  out  in  the  same  general  directions  as  the  water-routes,  and  also  connecting  with  New  England  and  the 
coal-fields  of  Pennsylvania. 

It  is  said  that  in  1830  there  were  not  more  than  150  inhabitants  within  the  limits  of  the  present  city.  An 
.attempt  had  been  made  at  manufacturing  as  early  as.1811  by  the  Cohoes  Jflanufacturing  Company,  but  the  enterprise- 
failed  and  the  property  was  sold  to  the  Cohoes  Company.  This  company  was  incorporated  March  28,  1826,  with 
a  capital  stock  of  $250,000,  which  was  increased  in  1833  to  $500,000.  At  first  the  company  itself  engaged  in 
manufacturing  as  well  as  in  supplying  power  to  others,  but  afterward  restricted  its  duties  to  the  latter  undertaking.. 
In  1880  the  population  of  the  city  had  reached  19,416. 

The  pond  above  the  dam  extends  from  1  to  1^  mile  up  stream,  with  an  average  width  estimated  at  about  1 ,200  feet,, 
and  is  seldom  or  never  drawn  down  more  than  2  feet  below  the  crest  of  the  dam.  The  Cohoes  privilege  is  commonly 
rated  at  120  feet  fall,  and  a  minimum,  corresponding  to  that  fall,  of  10,000  effective  horse-power.  The  actual  fall 
developed,  however,  as  shown  by  the  descent  between  the  various  levels,  is  between  103  and  104  feet.  It  is  stated 
by  the  officers  of  the  water-ir»wer  company  that  under  all  ordinary  conditions  2,000  effective  horse-power  can 
uniformly  be  relied  upon  with  24  feet  fall.  It  is  probable,  however,  that  in  very  exceptional  circumstances  the 
power  may  temporarily  fall  slightly  below  the  limit  mentioned.  Mr.  David  H.  Van  Aukeu,  hydraulic  engineer 
of  the  Cohoes  Company,  gives  the  lowest  discharge  of  the  Mohawk  during  his  long  experience  with  it  at  this- 
locality  as  from  800  to  1,000  cubic  feet  per  second  continuous  flow  for  the  24  hours.  If  we  assume  a  fall  of  104  feet, 
a  flow  of  800  cubic  feet  per  second,  and  a  wheel  efficiency  of  75  per  cent.,  then  the  minimum  power  of  the.  privilege- 
as  at  present  improved  will  be  represented  in  round  numbers  by  7,000  effective  horse-power.  In  1880  a  total  of 
6,556  horse-power  of  wheels  was  returned  by  the  census  enumerators  as  in  use  from  the  Mohawk  at  Cohoes.  The 
company  still  has  permanent  power  to  lease  on  its  lower  levels,  canals  Nos.  7  and  8  being  yet  open  a  quarter  of  a 
mile  each  for  building-purposes. 
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Estimate  of  the  flow  and  power  at  CoJwes. 


stage  of  river. 


Minimnm  flow 

Low  water,  ordinarily  dry  year 

Low  water,  average  yeaik 

Availaljlo  10  mouths,  average  year. 


RAINFALL  ON  BASIN. 


Spring.     Summer.  Autnmn.    Winter.        Year. 


Inchu. 


H 


Inches. 


12 


Inches. 


OJ 


Inches. 


9J 


Inches. 


40i 


Drainage 


Sq.  miles. 


Flow 

per  second, 

average 

for  tlie  24 

hours. 


Cubic  feet. 
800+ 
900 
1,050 


I       1, 600 


Theoretical  horse- 
power. 


ElTcctive 

lioi  se- 
power  util- 
ized. 


1  footfall. 
90.  Bt+ 
102.  24 
119.  28 
181.  76 


a  8,  .556 


a  In  1880.    TTp  to  the  fall  of  1882  tlie  power  in  use  waa  stated  to  have  increased  by  perhaps  300  horse-power. 

First  in  importauce  among  the  Cohoes  industries,  and  the  one  requiring  the  principal  use  of  water-power,  is 
that  carried  on  by  the  Harmony  Mills  Company,  the  most  extensive  manufacturer  of  print-cloths  in  the  United  States. 
This  company  gives  employment  to  3,700  hands,  runs  6,200  looms 
and  280,000  spindles,  and  produces  125,000  pieces,  at  45  yards 
each,  per  month.  In  the  largest  mill,  No.  3,  are  2,650  loom.s 
and  125,000  spindles.  The  main  building  of  this  mill  is  1,170 
feet  long,  with  a  wing  of  210  feet,  is  70  feet  wide  and  5  stories 
high.  The  company  has  a  local  monopoly  in  the  manulkctuie  of 
cotton  cloth.  Next  in  importance  is  the  manufacture  of  knit 
goods,  which  began  its  history  in  this  country  at  Cohoes  in  the 
year  1832.  The  invention  of  the  knitting-frame,  by  Timothy 
Bailey,  gave  a  great  impulse  to  the  business,  which  has  since 
wonderfully  developed.  It  is  stated  that  in  the  fall  of  1882  there 
were  18  knitting-mills  at  Cohoes,  ranuing  in  the  aggregate  not 
far  from  130  sets  of  machinery  and  giving  employment  to  nearly 
2,500  hands.  The  Cohoes  Eolling  Mill  has  extensive  works,  and 
other  establismentsare  engaged  in  the  manufacture  of  machine 
work,  paper  boxes,  straw-board,  bobbins,  cotton-batting,  sashc.'<, 
doors,  and  blinds. 

The  Mohaivl;  above  Cohoes. — The  next  important  fall  is  at 
Crescent,  1^  or  1^  mile  above  the  Cohoes  Company's  dam.  The 
Mohawk  is  there  1,100  of  1,200  feet  wide,  and  near  the  head  of 
the  rapids  is  crossed  by  the  Erie  canal  on  what  is  called  the 
"lower"  aqueduct.  Eocky  rifts  extend  about  half  a  mile  along 
the  stream,  with  a  fall  stated  to  be  14  feet.  The  river  run.s 
shallow  down  these  rifts,  except  for  a  width  of  perhaps  1.50  feet 
near  the  head,  where  there  is  a  low-water  depth  of  5  feet.  The 
material  of  the  river-bed  is  a  hard  slate  rock,  becoming  shaly 

toward  the  foot  of  the  shoals.    The  south  fcank  is  rocky  and  abrupt,  while  that  on  the  north  has  a  moderate  slope 
and  is  composed  of  earth  underlaid  by  rock. 

A  short  distance  below  the  aqueduct  a  rude  leaky  wing-dam  a  couple  of  feet  high  runs  out  obliquely  into  the 
stream  about  260  feet,  and  then  strikes  up  stream  to  the  aqueduct.  Water  is  thus  diverted  into  the  race,  which  is 
600  feet  long  and  from  15  to  20  feet  wide.  It  extends  down  the  north  bank  of  the  river  to  a  point  where  the  available 
fall  ranges  from  5  to  8  feet,  according  to  the  stage  of  water.  The  power  is  used  by  L.  W.  Mansfield  for  a  3-run 
grist-mill  and  a  little  saw-mill.  Only  a  small  portion  of  the  flow  of  the  river  is  commanded  by  the  rude  works,  and 
in  a  low  stage  enough  water  is  obtained  for. only  one  wheel.  Mr.  Mansfield  owns  on  the  north  bank  the  whole 
length  of  the  shoals,  and  claims  tbat  a  dam  4  feet  high  at  their  head  would  give  16  feet  fall  at  a  point  say  300  feet 
below  the  present  mill.  Judging  from  the  table  of  elevations  which  has  previously  been  given,  and  from  the  falls 
in  use  at  Cohoes  and  below,  the  fall  at  Crescent  would  appear  to  be  naturally  not  more  than  8  or  10  feet,  or, ' 
with  a  dam  4  feet  high  at  the  head  of  the  shoals,  12  or  14  feet.  Considering  the  width  of  the  river,  the  probable 
expense  of  improvements,  and  the  absence  of  any  direct  railroad  facilities,  the  power  to  be  obtained  seems  hardly 
large  enough  to  render  the  privilege  an  attractive  one. 
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Estimate  of  power  at  the  lower  aqued\ict.{a) 


stage  of  river. 

Flow 

per  second, 

average 

for  the  24 

hours. 

Theoretical  horse-power. 

Effective 
horse-pow- 
er utihzed. 

Cubic  feet. 
900 
1,050 
1,  600 

1  foot  fall. 
102.24 
119. 28 
181.  76 

12  feet  fall. 
1,230 
1,430 
2,180 

Ufeetfaa. 
1,430 
1,670 
2,540 

IBfeetfall. 
1,6401 
1, 910  l 
2,  91oJ 

Perhaps 
25  or  50. 

Available  10  luoniha,  average  year 

a  Available  fall  not  definitely  ascertained. 

The  heavy  ice  runs  which  visit  the  Mohawk  are  sometimes  particularly  noticeable  in  this  part  of  its  course.  In 
the  spring  of  1882  a  gorge  formed  at  some  point  below  Schenectady,  gave  way  suddenly,  and  in  three-quarters  of 
an  hour  the  river  rose  nearly  3J  feet  at  Crescent,  sinking  away  afterward  almost  as  fast.  By  this  rise  the  bulkhead 
and  a  part  of  Mansfield's  dam  were  destroyed. 

Above  the  shoals  at  the  lower  aqueduct  there  is  3  miles  of  smooth  water,  continuing  very  nearly  to  the 
privilege  occupied  by  the  West  Troy  water- works.  The  dam  at  that  point  runs  out  from  either  shore  to  an  island 
in  mid-stream,  and  has  a  lift  of  about  5  feet  without  flash-boards.  It  was  built  about  the  year  1877,  and  is  a  log 
structure  filled  in  with  stone.  The  apron  is  most  of  the  way  10  feet  wide,  but  for  60  or  70  feet  next  the  right  bank 
it  extends  in  an  irregular  shape  to  an  extreme  distance  of  75  feet  down  stream  from  the  main  portion  of  the  dam,  and 
is  covered  for  20  feet  with  squared  timber,  and  the  rest  of  the  way  with  round  logs  from  6  to  10  inches  in  diameter, 
the  interstices  filled  in  with  loose  stone.  The  dam  runs  out  from  the  left  bank  to  the  head  of  the  island,  and  the 
other  section  reaches  on  from  the  foot  of  the  island  to  the  right  bank.  With  6-inch  flash-boards  the  head  obtained 
is  8  feet.  Two  wheels  are  run,  one  of  40  and  one  of  60  horse-power,  and  water  is  pumped  to  a  distant  reservoir 
for  the  supply  of  West  Troy  and  Green  Island.  In  spring,  and  sometimes  in  fall,  a  stoppage  of  the  wheels  is  forced, 
even  for  as  much  as  a  week  at  a  time  in  some  seasons,  by  backwater. 

Between  the  New  York  Central  Eailroad  crossing  at  Schenectady  and  the  lower  aqueduct  there  is  a  fall  of 
about  52  feet  in  a  distance  of  14.8  miles.  Ascending  from  the  water-works  privilege  toward  Niskayuna  the  river 
runs  through  meadows  well  cultivated  and  apparently  1  or  2  miles  in  width.  The  current  is  sluggish  and  the 
channel  is  divided  by  islands.  Not  far  above  Niskayuna  the  meadows. disappear  and  there  is  a  continuous  shoal 
for  a  mile,  more  or  less.  The  banks  are  much  of  the  way  rocky  and  abrupt.  The  bed  appears  to  be  rock,  with  some 
gravel  covering  it.  Above  this  shoal  there  is  a  succession  of  smooth  reaches  and  riffles  on  to  the  upper  aqueduct, 
at  Eexford  Flats.    The  fall  on  all  these  shoals  is  quite  uniform,  and  at  only  a  moderate  rate. 

At  Kexford  Flats  the  Erie  canal  again  crosses  the  Mohawk,  on  an  aqueduct  of  fourteen  arches,  and  then 
descends  in  a  short  distance  through  two  locks  to  a  3-mile  level,  which  is  fed  from  the  river  above.  The  width  of 
the  river  at  the  aqueduct  and  above  ranges  from  600  to  700  feet.  The  surrounding  country  is  hilly,  fertile,  well 
cultivated,  and  has  but  a  moderate  amount  of  timber.  The  feeder-dam  is  of  stone  with  a  sloping  timber  apron 
10  or  11  feet  wide.  The  fall,  without  flash-boards,  is  6  feet.  The  abutments  are  of  cut-stone  masonry.  The  feeder 
is  from  25  to  30  feet  wide  and  runs  down  the  left  bank,  striking  the  main  canal  nearly  a  mile  below.  No  power 
is  in  use  at  this  fall. 

The  banks  here  appear  to  be  composed  of  alternate  layers  of  shale  and  harder  slate.  The  river-bed  is  covered 
with  loose  stone,  probably  underlaid  by  ledge.  Below  the  aqueduct  the  river  is  perhaps  500  feet  wide,  and  has 
steep  rocky  banks  rising  high  and  precipitous  from  the  water  on  the  right  side,  and  becoming  so  on  the  left  a  short 
distance  down  stream,  leaving  room  there  for  only  the  canal.  Immediately  above  the  aqueduct  a  road-bridge 
crosses  the  Mohawk.  The  floor  planks  of  this  bridge  are  23  feet  above  low  water,  but  years  ago  the  river  is  said 
to  have  risen  almost  even  with  them,  and  even  now  freshet- rises  of  10  or  16  feet  are  not  uncommon. 

From  this  point  on  to  Little  Falls  the  river  preserves  substantially  the  same  general  features.  It  has  but  a 
moderate  slope,  and  runs  usually  with  smooth  surface,  broken  here  and  there  by  short  riffles  over  gravelly  shoals. 
At  Tribes  Hill  the  width  between  banks  is  somewhat  over  500  Icet.  From  the  stream  there  generally  stretch  out 
meadows  of  varying  width,  beyond  which  there  is  a  gradual  rise  to  the  hills  that  inclose  the  valley;  occasionally 
the  hill-slopes  reach  entirely  to  the  river  and  the  meadows  disappear. 

Four  and  a  half  miles  below  Little  Falls  the  Mohawk  is  again  drawn  upon  to  supply  the  Erie  canal,  which  it 
does  through  a  feeder  3J  miles  long.  The  feeder-dam  is  of  masonry,  with  ashlar-faced  abutments  rising  8  or  10  feet 
above  the  natural  crest.  Wide  meadows  border  the  stream  on  both  sides.  The  dam  has  a  lift  of  3  feet,  increased 
to  5  feet  by  flash-boards,  and  sets  back  the  river  as  far  as  Little  Falls; 

Foiocr  at  Little  Falls.— The  hills  here  close  in,  the  meadows  cease  for  a  time,  and  the  stream  is  confined  in  a 
narrow,  rocky,  and  wonderliilly  picturesque  little  valley.  Entering  this  pass,  the  New  York  Central  railroad  and  a 
carriage-road  skirt  the  left  bank,  while  on  the  opposite  side  are  crowded  the  Erie  canal  and  the  new  West  Shore 

railroad.     Huge  ledges  appear  in  the  river  bed  and  banks  and  in  the  valley  sides.    Down  near  the  river  the 
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prevailing  rock  seems  to  be  a  pinkish  granite.  Pot-holes  are  to  be  seen  in  this  rock  far  up  on  the  river-banks,  200  feet 
distant  from  the  water,  and  it  is  said  that  they  exist  even  on  the  very  tops  of  the  high  hills  which  shut  in  the 
valley.  The  Mohawk  has  a  rapid  descent  through  Little  Falls,  amounting  to  about  45  feet  from  the  surface  of  the 
pool  above  the  state  dam  down  to  slack-water  below  the  lower  falls,  a  distance  of  from  2,500  to  2,600  feet.  In  this 
interval  it  is  dammed  and  used  for  power  at  three  different  points,  an  aggregate  of  about  1,300  horse-power  of 
wheels  being  employed  for  manufacturing  purposes. 

The  first  or  lowest  dam  in  order  is  a  log  structure  consisting  of  several  sections  of  varying  height,  running 
in  an  irregular  line  from  the  left  bank  across  and  down  stream  to  the  opposite  bank.  At  the  left  or  north  end  is  a 
bulkhead  of  rubble  masonry  33  feet  long,  7^  feet  wide,  and  12  feet  high  above  the  tops  of  the  gate-openings,  w  hich 
are  arched.  The  admission  of  water  is  controlled  by  seven  wooden  gates  operated  by  levers.  A  canal  runs  from 
the  bulkhead  450  or  500  feet  to  a  mill,  and  is  inclosed  in  part  by  a  natural  ledge  and  in  part  by  an  artificial  wall  of 
dry  stone.  The  privilege  on  this  bank  includes  half  the  flow  of  the  river  and  is  divided  into  two  equal  shares.  One 
of  these  is  owned  by  Judge  A.  Loomis,  of  Little  Falls,  and  is  unoccupied.  It  would  furnish  a  good  power  most  of 
the  year,  presents  a  favorable  building-site,  and  is  for  sale  or  rent.  The  other  share  is  owned  by  E.  B.  Waite  &  Co., 
who  have  a  mill  for  the  manufacture  of  manila  paper,  with  a  capacity  of  2J  tons  per  day.  They  obtain  11  feet  fall, 
and  estimate  that  they  actually  use  abbut  125  horse-i>ower.  During  the  dry  autumn  of  1882  they  were  short  of  water 
more  or  less  of  the  time  at  night. 

That  half  of  the  privilege  on  the  south  side  of  the  river  is  owned  by  the  J.  J.  Gilbert  estate.  The  Little  Falls 
Starch  Works,  also  operated  under  the  old  firm  name  of  J.  J.  Gilbert,  use  8  feet  fall  and  two  wheels — one  of  20  and 
one  of  30  horsepower.  They  employ  14  hands,  and  manufacture  about  3,000  pounds  of  starch  daily.  One  hundred 
and  twenty  horse-power  is  leased  to  the  Parker  Electric  Manufacturing  Company.  Below  this  fall  the  river  becomes 
comparatively  sluggish,  and  spring  high  water  sets  back  so  as  to  stop  the  mills  for  a  day  or  two  at  the  privilege  just 
described.  A  more  serious  difficulty  encountered  is  from  ice.  Gorges  form  in  the  river  a  short  distance  below, 
throw  the  water  back,  and  in  some  seasons  cause  a  stoppage  of  the  mills  for  two  or  three  weeks.  Many  years  ago 
they  were  even  forced  to  shut  down  all  of  one  winter. 

At  the  site  of  the  second  or  middle  dam  the  river-bed  is  a  mass  of  ledge  rock  worn  full  of  pot-holes.  The  dam 
itself  is  a  rough  log  structure  running  across  in  a  very  irregular  line,  projecting  well  up  stream,  and  with  a  long 
wing  extending  down  from  the  bulkhead  on  the  north  side,  and  forming  for  some  distance  the  river  support  and 
overflow  for  the  race.  The  main  canal  and  the  principal  use  of  power  aije  on  that  side,  but  a  short  race  leads  also 
down  the  south  bank.  The  power  on  this  latter  side  is  owned  by  Judge  Loomis  and  rented  or  leased  to  the  present 
user.  There  are  two  falls,  of  12  and  7  feet,  respectively,  at  which  a  total  of  about  80  horse-power  is  used  by 
William  Kingston  in  a  small  last-factory,  and  a  larger  mill  for  the  manufacture  of  straw  wrapping-paper  with  a 
capacity  of  1  ton  per  day. 

At  the  north  end  of  the  dam  water  is  admitted  to  the  race  through  a  wooden  bulkhead,  and  is  carried  800  or 
900  feet  down  the  river-bank,  supplying,  under  falls  ranging  from  11  to  20  feet:  Trask  Brothers'  ax  factory,  using 
100  horse-power;  the  Henry  Cheney  Hammer  Company's  works,  having  2  wheels  of  an  aggregate  of  110  horse- 
power, though  the  entire  amount  is  not  used;  the  mills  of  the  Saxony  Knitting -Company  and  Messrs.  Ablett, 
McKin.non,  &  Co.,  the  former  running  6  and  the  latter  2  sets  of  machinery  on  knit  underwear;  3  saw-mills,  a  5-run 
flouring-mill,  and  one  or  two  other  small  concerns.  Perhaps  midway  along  the  race  there  is  a  plot  belonging  to 
the  estate  of  the  late  A.  T.  Stewart,  of  New  York,  and  occupied  by  extensive  stone  mills  formerly  used  in  woolen 
manufacturing,  but  now  vacant.  Immediately  below  is  an  unoccupied  site  owned  by  Victor  Adams.  Owing  to  the' 
fact  that  part  of  the  water  from  the  upper  fall  is  discharged  into  the  river  below  the  middle  dam,  the  privilege  just 
described  has  a  less  supply  than  either  the  one  above  or  the  one  below,  but  for  the  greater  part  of  the  year  there  is 
enough  lor  the  works  now  in  operation. 

The  third  or  upper  dam  is  a  low  aflair,  from  2  to  4  feet  high,  built  of  logs,  rude  and  leaky  ;  it  extends  from  either 
shore  to  an  i^and,  and  has  a  slight  curve  up  stream.  On  the  north  bank  the  only'use  of  power  is  by  the  Little 
Falls  Knitting  Mill  Company,  running  9  sets  of  machinery  in  the  manufacture  of  knit  underwear.  Water  is  brought 
several  hundred  feet  from  the  dam.  through  what  was  either  the  old  Erie  canal  or  a  feeder  to  it.  The  mill  obtains 
5^  feet  fall  and  has  two  25  horse-power  wheels.  The  supply  of  water  is  short  in  summer,  and  steam  is  used  all  the 
time  for  auxiliary  power.  On  the  south  side  of  the  river  the  pool  above  the  dam  is  drawn  upon  not  only  by  an 
hydraulic  race,  but  also  by  a  feeder  to  the  Erie  canal.  Water  is  admitted  to  this  feeder  through  an  opening  of  23 
feet  in  the  clear,  between  walls  of  cut-stone  masonry.  The  draught  for  canal  purposes  is  tolerably  uniform  through 
the  boating  season,  but  naturally  varies  somewhat  with  the  volume  of  business. 

The  entrance  to  the  hydraulic  race  is  through  an  arched  bulkhead  of  heavy  masonry.  The  main  portion  of 
this  is  75  feet  long,  11  feet  wide,  and  rises  7^  feet  above  the  top  of  the  arch.  Water  enters  through  7  gates  and 
passes  perhaps  200  feet  to  the  upper  mill.  This  is  the  Little  Falls  cotton  mill,  running  5,750  spindles  and  122 
looms  in  the  manufacture  of  prints;  7  feet  fall  is  obtained,  and  power  taken  from  one  wheel  of  about  75  horse-power. 
There  is  at  times  a  slight  scarcity  of  water,  though  it  is  thought  there  would  be  plenty  with  a  tight  dam.  After 
leaving  the  cotton-mill  the  water  passes  down  through  a  race,  over  two  successive  falls,  and  supplies  power  first  to 
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Eeddj's  machiue-shop  aucl  the  works  of  the  Little  Falls  Wool  Extract  Company,  and  secondly  to  the  Warrior 
Mower  Company's  factory  and  an  establishment  for  the  manufacture  of  condensed  milk;  the  middle  fall- is  from  6 
to  8  feet  and  the  lower  from  11  to  12  feet. 

The  Mohawk  above  Little  Falls.— Above  the  section  already  considered  the  Mohawk  is  a  sluggish  stream,  having 
a  fall  of  only  68  feet  in  the  37^  miles  below  Eome,  (a)  and  flowing  through  a  wide  open  valley,  rich  agriculturally, 
and  devoted  to  the  raising  of  potatoes,  wheat,  corn,  hops,  and  other  products.  The  first  dam  above  Little  Falls  is 
at  Eome,  where  an  important  draught  is  made  by  the  state  for  feeding  the  66-mile  level  of  the  Erie  canal.  To 
accomplish  this  there  is  a  low  curving  dam  of  cut-stone  masonry  which  diverts  water  through  a  feeder.  The  river 
is  in  that  vicinity  about  120  feet  wide,  with  gravelly  bed  and  low  banks.  A  short  distance  above  Eome  there  is 
an  old  log  dam  forming  a  pond  of  a  few  acres  from  which  water  is  pumped  to  a  distributing  reservoir  for  the  supply 
of  the  city;  the  fall  at  the  dam  is  made  use  of  to  furnish  power  for  pumping,  and  two  wheels,  of  about  100  horse- 
power each,  are  run  under  a  head  of  10  or  12  feet.  No  information  was  gained  of  any  important  power,  either 
improved  or  unimproved,  on  the  river  above  this  point,  and  its  only  use  seems  to  be  by  a'few  small  flouring-  and 
saw-mills.  Some  wastage  is  said  to  be  received  from  the  Black  Eiver  canal,  but  the  latter  serves  mainly  as  a  feeder 
to  the  Erie,  which  it  joins  at  Eome.  The  Erie  also  receives  a  considerable  amount  of  water  from  large  reservoirs 
in  the  Black  Eiver  basin,  which  is  diverted  to  the  upper  Mohawk,  through  the  Lansing  kill,  some  23  miles  by  river 
above  the  Eome  feeder-dam.  From  a  distance  of  a  few  miles  above  Eome  the  country  on  to  the  head- waters  is 
described  as  rough  and  hilly. 

Drainage  areas  of  the  Mohawk  river.  (&) 

Sq.  mileB. 

At  Rome ." 184 

AtUtica 524 

At  Little  Falls :^ 1,272 

Below  the  month  of  Schoharie  creek , 3,  lUH 

At  the  mouth  of  the  Mohawk  river 3^  493 

TRIBUTARIES  OF  THE  MOHAWK  RIVEE. 

Schoharie  creek. — This  stream  rises  in  the  southern  part  of  Greene  county  at  a  distance  of  10  miles  westerly 
from  the  Hudson  river.  It  runs  northwesterly  16  or  18  miles  by  general  course,  and  then  northerly  about  50  miles  to 
the  Mohawk,  which  it  joins  at  Fort  Hunter.  The  drainage  basin  includes  308  square  miles  at  Gilboa,  684  at  Central 
Bridge,  above  the  Cobleskill,  and  947  square  miles  at  the  mouth.  Within  this  area  are  comprised  the  greater  part  of 
Schoharie  county,  and  portions  of  the  counties  of  Greene,  Albany,  Delaware,  Otsego,  Montgomery,  and  Schenectady. 
The  Delaware  and  Hudson  Canal  Company's  railroad  runs  from  Albany  at  right  angles  to  the  direction  of  the  stream 
and  crosses  at  Central  Bridge,  but  otherwise  the  immediate  valley  is  not  accessible  by  railroad  except  at  the  extreme 
head-waters.  The  upper  course  of  Schoharie  creek  drains  the  western  and  northern  slopes  of  a  portion  of  the 
Catskill  mountain  range,  some  of  the  higher  points  of  which  rise  to  altitudes  above  tide  of  3,000  feet  and  over. 
From  the  head-waters  to  the  central  part  of  Schoharie  county  the  surrounding  country  is  rough  and  broken,  with 
steep  slopes ;  farther  north  the  hills  are  more  rounded  and  are  arable  to  the  very  summits.  When  this  section  of 
country  was  first  settled  agriculture  was  mainly  confined  to  the  river  flats,  the  hills  being  reserved  for  woodland- 
but,  it  having  been  discovered  that  the  hills  are  covered  with  as  fertile  a  soil  as  is  found  in  the  valleys,  they  were 
speedily  stripped  of  the  greater  part  of  their  timber,  which  is  now  confined  to  limited  patches.  In  the  central  and 
southern  parts  of  Schoharie  county,  and  on  to  the  upper  waters,  the  prevailing  soil  is  a  clayey  and  sandy  loam 
containing  considerable  lime,  while  farther  north  there  is  less  sand. 

At  the  Delaware  and.  Hudson  Eailroad  crossing  at  Central  Bridge  the  water-surface  of  the  creek  is  560  (c)  feet 
above  mean  sea-level;  immediately  below  the  state  dam,  near  the  mouth,  the  corresponding  elevation  is  274  (d) 
feet,  indicating  a  fall  of  286"  feet  in  the  intervening  19  miles,  or  an  average  of  about  15  feet  per  mile. 

So  far  as  was  learned  concerning  the  principal  portion  of  its  course,  that  below  Schoharie  village,  the  creek 
has  but  little  value  for  water-power,  although  it  can  and  does  sustain  some  small  grist-  and  saw-mills.  It  is 
bordered  by  alluvial  flats  subject  to  overflow,  accomplishes  its  descent  chiefly  in  riffles  and  shoals  without  abrupt 
falls,  runs  very  low  in  the  dry  season,  and  is  subject  to  heavy  freshets  and  ice-runs.  Just  above  the  mouth  the 
state  draws  upon  the  stream  to  feed  the  Erie  canal,  the  estimated  supply  from  this  source  being  about  113  cubic 
feet  per  second ;(e)  when  visited  November  15,  1882,  the  pool  had  thus  been  drawn  down  18  inches  below  the 
crest  of  the  feeder-dam,  and  even  the  small  mills  within  a  few  miles  above  complain  of  a  scarcity  of  water  in  the 
dry  season.  The  unusually  low  volume  to  which  the  stream  sinks  can  probably  be  explained  by  the  cleared 
and  cultivated  condition  of  much  of  the  country  drained,  the  steep  slopes  in  the  upper  basin,  the  absence  of  any 

a  From  the  crest  of  the  Eome  feeder-dam  to  the  crest  of  the  Little  Falls  feeder-dam. 

b  Natural  drainage  areas,  not  including  the  district  made  artificially  tributary  from  the  Black  River  basin. 

c  055  feet  +  tide-water  at  Albany  (mean-tide  =  4.84  feet  +  mean  sea-level). 

d  From  Eric  Canal  profile. 

e  See  Jnniial  Veport  of  the  State  Engineer,  1880,  page  38. 
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snstaining  ponds  or  reservoirs  ■worth  meuticniiig,  and  the  fact  tbat,  in  Schoharie  county  at  least,  much  of  the 
surface  is  underlaid  by  cavernous  limestone  rocks  through  which  there  is  a  loss  by  percolation.  On  the  occurrence 
of  heavy  storms  there  is  a  rapid  rise  followed  by  a  speedy  fall,  very  high  water  lasting  but  two  or  three  days  in 
the  lower  course.  At  Mill  Point,  3  or  4  miles  from  the  mouth,  a  rise  of  4  feet  in  6  hours  is  said  to  have  been  observed. 
The  common  freshet-rise  in  that  vicinity  is  not,  however,  over  6  or  7  feet. 

In  ascending  the  stream  the  first  dam  encountered  is  a  couple  of  thousand  feet  above  the  mouth,  and  is  owned 
by  the  state.  It  is  about  540  feet  long  and  has  a  lift  of  G  feet.  There  is  a  iiat  slope  each  way  from  the  crest,  that  on 
the  down-stream  side  being  26  feet  long  and  serving  as  an  apron.  The  dam  is  of  heavy  timber,  but  is  evidently  old, 
and  is  considerably  battered.  For  120  feet  next  the  west  bank  the  apron  is  prolonged  15  feet  still  farther  from  the 
crest  than  above  mentioned.  The  abutments  are  of  masonry,  and  for  some  distance  up  stream  and  down,  the  river 
is  walled  with  stone  to  a  height  of  8  or  9  feet  above  the  crest  of  the  dam.  The  stream-bed  is  here  covered  with  loose 
rock,  bowlders,  and  gravel,  and  a  little  way  above,  at  the  West  Shore  Eailroad  crossing,  an  excavation  for  the 
easterly  pier  of  the  bridge  showed  the  same  material  to  the  depth  reached,  7  feet.  Prom  the  pool  above  the  dam, 
water  is  admitted  through  a  gate- way  17  feet  wide  to  the  feeder  canal,  which  then  runs  easterly  about  3,000  feet  in 
a  straight  line  to  the  main  trunk  of  the  Erie  canal.  The  latter  crosses  Schoharie  creek  a  few  hundred  feet  below 
the  feeder-dam  on  a  stone  aqueduct  of  14  arches.  • 

No  water-power  is  employed  at  the  feeder-dam,  and  the  first  use  of  the  stream  for  that  purpose  is  at  Auriesville, 
perhaps  a  mile  or  more  above.  The  mill  is  isolated,  the  surrounding  district  being  rather  sparsely  settled  by  a 
farming  class.  The  stream  is  here  ilanked  by  broad  meadows  of  the  greatest  fertility.  These  are  covered  with  a  black 
alluvial  soil,  preserving  the  same  character  to  a  depth  of  5  or  G  feet.  For  forty  years  these  flats  have  been 
cultivated  in  broom-corn,  oats,  Indian  corn,  and  barley  without  once  being  artificially  enriched,  yet  they  continue  to 
yield  splendid  crops.  On  the  uplands  grass  and  all  kinds  of  grain  are  raised.  A  considerable  amount  of  timber 
is  still  standing  in  the  adjacent  country,  embracing  pine,  oak,  hemlock,  with  some  maple  and  hickory. 

At  Auriesville  the  immediate  valley  is  in  the  neighborhood  of  half  a  mile  wide  and  is  succeeded  by  a  rise  to 
rather  low  hills.  The  stream-bed  is  covered  with  loose  rocks  forming  rifts;  the  fall  on  these  is  said  to  be  slight,  but 
they  occur  at  intervals  all  the  way  from  the  state  dam  as  far  at  least  as  Mill  Point.  For  the  mill-privilege  a  low  line 
of  rocks  across  the  stream  makes  a  shallow  pool,  from  which,  through  a  rude  bulkhead  with  paddle-gates  worked  by 
iron  rods  and  levers,  water  enters  a  small  race  and  runs  perhaps  a  quarter  of  a  mile  across  the  flats  to  the  mill  which 
is  at  the  foot  of  the  bordering  hills.  The  mill  is  owned  by  Peter  Veeder,  has  3  saws  and  3  runs  of  stone,  power  being 
taken  from  a  5-foot  Lessner  turbine,  on  which  the  head  is  7  feet  in  a  favorable  stage  of  the  stream.  The  water  is 
returned  to  the  creek  through  a  tail-race  of  about  the  same  length  as  the  head-race.  For  two  months  in  the  year  the 
supply  of  water  obtained  is  insuflBcient  for  running  the  mill.  On  the  other  hand,  freshet  backwater  also  hinders. 
The  stream  usually  floods  the  meadows  during  the  spring  rise  to  a  depth  of  a  foot  or  two,  now  and  then  entering 
the  mill.  In  October,  1869,  it  rose  high  in  the  mill,  and  must  have  run  7  or  8  feet  deep  over  the  meadows.  Ice 
generally  collects  below  at  the  state  dam,  and  a  few  years  ago  a  gorge  formed  there  which  stopped  Veeder's  mill 
by  backwater  for  ten  days.    Ice  also  runs  out  on  to  the  flats  and  leaves  considerable  deposits  of  gravel. 

At  Mill  Point,  3  or  4  miles  above  the  mouth  of  the  creek,  James  J.  Faulkner  has  a  4-ruii  grist-mill,  a  small  saw- 
mill, and  a  broom-handle  factory,  at  which  not  less  than  200,000  feet  of  lumber  is  stated  to  be  annually  worked  up. 
Seven  water-wheels  are  run,  old-style  iron  turbines,  estimated  at  about  140  horse-power  total  capacity.  The  entire 
fall  on  the  privilege  is  17  feet,  but  of  this  3  feet  is  taken  up  in  the  races.  The  stream  makes  a  long  bend  here,  across 
the  base  of  which  water  is  conveyed  to  the  mills  in  a  head-race  say  60  rods,  and  discharged  through  a  tail-race  8 
rods  in  length,  while  the  intervening  distance  by  river  is  estimated  at  about  a  mile.  At  the  site  of  the  dam  the 
bed  is  covered  with  gravel  and  bowlders ;  a  steep  clay  bluff  rises  on  one  side,  and  on  the  other  there  is  a  more 
gradual  ascent  to  a  flat.  The  dam  runs  diagonally  up  stream,  and  in  a  very  low  stage  of  water  serves  to  divert  most 
of  the  flow  into  the  race.  It  is  a  timber  structure  part  of  the  way  across,  filled  in  with  stone  and  planked,  and 
has  stood  for  about  twenty  years.  On  one  bank,  the  left,  it  abuts  against  a  wall  of  dry  bowlders,  but  toward  the 
other  bank  the  timber  portion  ceases  and  is  succeeded  by  a  low  line  of  stones  loosely  piled  up.  The  pondage  is 
insignificant.  In  ordinary  years  the  supply  of  water  obtained  answers  the  demands  of  the  mills,  but  it  is  so  held 
back  in  mill-ponds  above  as  to  come  down  irregularly,  and  in  a  very  low  stage  it  is  thought  that  the  entire  volume 
of  the  stream  would  not  run  all  the  wheels.    A  rough  estimate  of  the  available  power  shows  the  following  result: 

Estimate  of  power  at  Mill  Point. 
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At  this  locality  the  creek-bed  is  variously  composed  of  clay,  loose  rock,  and  ledge  rock.  The  common  freshet- 
rise  is  not  more  than  6  or  7  feet,  and  is  said  not  to  overflow  the  flats  except  when  ice^gorges  form.  As  far  as 
Esperance,  10  miles  above,  the  stream  is  described  as  uniformly  rapid,  though  without  heavy  falls,  and  above 
that  point  as  flat.  In  the  distance  named  it  is  bordered  by  bluffs,  opposite  to  which  are  bottoms  of  from  50  to  100 
acres,  and  its  course  is  very  winding;  then  there  are  bottoms  on  both  sides  up  to  Schoharie.  In  the  vicinity  of 
Mill  Point  the  bluffs  are  of  blue  clay,  but  at  other  points  slate  rock.  Schoharie  village  is  the  most  important  point 
directly  on  the  stream,'and  has  a  population  of  1,200.  The  creek  has  there  an  average  width  of  about  250  feet, 
alluvial  banks,  and  a  somewhat  gravelly  bed;  in  summer  it  runs  shallow  and  with  scarcely  any  current,  but  after 
a  long-continued  rain  it  becomes  swollen  to  a  fierce  torrent  and  overflows  far  and  wide  the  adjacent  low  lands. 

Hast  Canada  creeTc.— This  creek  has  its  source  among  the  mountains  in  the  southwest  part  of  Hamilton  county 
within  a  few  miles  of  Piseco  lake.  It  flows  southerly  and  joins  the. Mohawk  6J  miles  below  Little  Falls,  in  its 
course  passing  across  a  corner  of  Fulton  county,  and  then  forming  the  boundary  between  that  county  and  a 
part  of  Montgomery  on  the  east  and  Herkimer  on  the  west.  The  drainage  basin  contains  an  area  of  299  square 
miles,  and  the  stream  has  a  length  of  about  26  miles  by  general  course.  When  visited  in  the  middle  of  November, 
1882,  after  a  season  of  unusual  drought.  East  Canada  creek  was  carrying  an  important  volume  of  water.  It  must 
•  be  a  valuable  feeder  of  the  Mohawk,  and  would  make  a  fine  water-power  stream,  the  principal  trouble  being 
that  at  numerous  points  where  there  is  a  large  fall  the  ground  is  not  well  suited  to  building  on  account  of  the 
steep  banks  and  narrow  valley.  The  land  immediately  adjoining  the  lower  course  is  timbered  with  small  hemlock 
and  other  trees,  but  the  surrounding  country  has  been  pretty  thoroughly  cleared.  The  latter  is  quite  broken 
for  the  first  3  or  4  miles  north  of  the  Mohawk,  but  then  becomes  more  regular  though  still  rolling.  '  The  fall  in  the 
creek  is  rapid,  and  from  Dolgeville,  6J  miles  above  the  mouth,  to  Little  Falls,  the  descent  is  said  to  have  been 
shown  by  a  railroad  survey  to  be  about  500  feet. 

The  stream  is  not  employed  for  logging,  although  timber  is  cut  near  the  head- waters  and  floated  down  the 
Sacondaga.  Spruce  is  the  main  variety  now  left;  the  hemlock  has  been  chiefly  cut  away,  but  there  is  still 
abundance  of  hard  wood.  The  water  of  the  creek  is  largely  derived  from  springs,  is  soft  and  very  pure,  never 
leaving  any  film  or  sediment  in  boQers.  Numerous  lakes  are  drained,  of  which  the  East  Canada  group,  several  in 
number,  was  mentioned  as  presenting  good  opportunities  for  storage.  This  group  is  distant  15  or  20  miles  by  road 
from  Dolgeville.  It  is  claimed  that  by  raising  the  outlet  to  the  lower  lake  the  surfaces  of  all,  which  are  connected 
upon  nearly  or  quite  the  same  level,  could  be  raised  several  feet.  The  outlet  of  Feris'  lake  joins  the  main  creek  a 
short  distance  above  Dolgeville,  and  it  was  stated  that  this  lake  could  also  be  used  as  a  reservoir,  and  if  desirable 
raised  20  feet,  overflowing  only  poor  land.  The  lake  is  described  as  a  mile  or  more  long  and  of  good  width.  The 
flow  of  the  creek  is  tolerably  well  sustained  in  the  dry  season,  but  is  becoming  less  so  every  year  on  account  of 
the  cutting  away  of  timber.  The  fall  is  so  rapid  that  freshets  do  not  attain  great  height  and  soon  run  out.  There 
is  a  run  of  ice  in  spring,  but  no  damage  is  reported  as  resulting  from  that  cause. 

At  the  mouth  the  creek  is  about  200  feet  wide  between  banks,  but  in  a  low  sta'ge  the  actual  width  of  water-way 
is  less.  The  lower  course  for  say  3  miles  from  the  Mohawk  is  through  a  narrow,  rocky,  and  wooded  valley,  and 
contains  a  number  of  abrupt  falls.  One  mile  above  the  mouth  the  creek  is  said  to  descend  180  feet  in  three-quarters 
of  a  mile.(a)  Between  the  mouth  and  Ingham's  Mills  was  noticed  a  paper-mill  recently  built  and  not  yet  in 
operation.  It  is  located  at  what  are  known  as  the  "Beardsley"  falls,  where  the  stream  pitches  down  over  a  series 
of  ledges  formed  like  a  flight  of  steps.  A  wooden  flume  carries  water  to  the  mill  and  gives  a  head,  measured  to 
the  surface  of  the  pool  below  the  falls,  of  about  25  feet.    There  are  other  falls  unoccupied  just  below. 

Three  miles  or  thereabout  from  the  mouth  the  valley  becomes  more  open,  the  hills  receding,  and  there  are 
some  farms;  the  banks  are  of  moderate  height,  the  bed  consists  of  gravel  or  low  ledges,  and  the  fall  is  rapid  but 
not  so  abrupt  as  below.    This  section  could  undoubtedly  be  used  to  good  advantage  for  power. 

At  Ingham's  Mills,  between  3J  and  4  miles  from  the  mouth,  there  are  a  2-run  gristmill,  a  small  saw-mill,  a  cider- 
mill,  and  a  cheese-box  factory.  The  water-privilege  is  improved  by  means  of  a  log  dam  said  to  be  a  hundred  years  old, 
and  a  race  some  60  rods  long,  and  has  about  10  feet  fall.    The  mills  can  run  at  full  capacity  nine  months  in  the  year. 

A  quarter  of  a  mile  below  Dolgeville  there  is  a  fine  fall  of  50  or  60  feet  in  a  short  distance,  the  theoretical 
power  of  which,  assuming  the  entire  fall  as  available,  may  be  estimated  as  below : 

Estimate  of  Tpower  at  the  falls  one-quarter  of  a  mile  below  Dolgeville. 
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At  Dolgevil'.c  is  the  most  important  use  of  power  ou  East  Canada  creek.  From  moderate  beginnings  the 
works  bave  grown  until  they  have  now  become  quite  extensive,  giving  employment  to  about  300  hands  and  carried 
on  in  two  fine  mills.  The  property  is  owned  by  Mr.  Alfred  Dolge,  who  manufactures  felt,  piano  and  organ 
sounding-boards,  and  has  also  a  gristmill.  The  felt-mill  is  a  fine  structure  of  stone,  200  feet  long  by  75  wide, 
while  the  sounding-boards  are  made  in  a  wooden  factory  200  by  40  feet  in  size.  There  are  two  log  dams  here,  but  oidy 
the  upper  one  is  used.  A  flume  from  350  to  400  feet  long  carries  water  to  the  mills,  where  the  extreme  fall  obtained 
is  20  feet.  The  estimated  capacity  of  the  wheels  is  a  total  of  290  horse-power.  In  the  stone  mill  there  is  a  120 
horsepower  iron  turbine,  but  the  other  wheels  are  wooden  and  of  old  patterns.  The  stone  mill  is  also  to  have  an 
engine  of  the  same  capacity  as  the  wheel.  The  stream  cau  be  depended  upon  liere  for  the  entire  amount  of  power 
needed  in  ordinary  years,  except  during  say  July  and  August,  and  Mr.  Dolge  estimates  that  with  20  feet  fall  100 
efl'eciive  horsepower  can  always  be  realized.  Dolgeville  is  6J  miles  from  the  mouth  of  the  creek,  and  is  without 
railroad  connections.  A  line  has  been  surveyed,  however,  to  run  from  Littlfe  Falls  through  Dolgeville,  Devereaux, 
and  ou  to  Piseco  lake. 

West  Canada  creek. — Eising  near  the  center  of  Hamilton  county,  between  45  and  60  miles  north  of  the  Mohawk, 
and  13  miles  to  the  north  of  Piseco  lake,  this  stream  flows  in  a  southwesterly  direction  from  38  to  40  miles  by 
general  course,  and  then  on  the  eastern  edge  of  the  town  of  Trenton,  Oneida  county,  turns-and  runs  southeasterly 
and  then  southerly  through  a  farther  distance  of  20  miles,  emptying  at  the  village  of  Herkimer.  The  source  is 
in  an  elevated  region  whence  also  flow  the  Cedar  and  Indian  rivers  to  the  upper  Hudson,  and  the  Black  river  to 
lake  Ontario.  Its  water-shed  includes  an  area  of  548  square  miles,  within  which  are  many  lakes.  Transparent  lake, 
the  largest,  being  represented  on  French's  map  as  about  4  miles  long  and  a  third  of  a  mile  wide.  For  about  15 
miles  from  the  mouth  to  Poland  the  Herkimer,  Newport,  and  Poland  railroad  follows  the  immediate  valley.  The 
stream  is  also  approached  at  Trenton  by  the  Utica  and  Black  River  railroad,  but  the  greater  part  of  its  course  is 
not  directly  accessible  by  rail.  The  largest  villages  on  the  stream  are  Herkimer,  at  the  mouth,  2,400  inhabitants, 
and  Newx)ort,  11  miles  above,  with  700. 

There  are  no  data  at  hand  from  which  to  give  frequent  elevations  along  the  course  of  the  stream.  According 
to  Colvin's  Survey  of  the  Adirondack  Region,  Transparent  lake,  which  is  not,  however,  the  most  distant  source  of  the 
stream,  is  2,187  feet  above  the  sea.  The  track  of  the  New  York  Central  railroad  at  its  crossing  near  tbe  mouth  is 
403  feet  above  the  same  datum-plane,  indicating  an  intervening  fall  in  the  water-surface  of  api)roximately  1,800 
feet.  So  far  as  could  be  judged  from  a  hasty  examination,  that  portion  of  the  stream  below  Prospect,  in  which  the 
drainage  area  increases  from  358  square  miles  to  548  at  the  mouth,  is  inferior  to  the  lower  portion  of  East  Canada 
creek  in  value  for  power,  except  perhaps  as  regards  the  volume  of  flow.  Below  Trenton  Falls  the  valley  of  West 
Canada  creek  is  more  open  than  the  lower  valley  of  the  other  stream,  but  the  fall  is  described  as  being  only  moderate 
in  amount.  From  Prospect  down  to  the  foot  of  the  Trenton  falls  the  descent  is  very  great,  but  it  takes  place  in  a 
narrow  chasm  varying  from  50  or  60  to  much  beyond  100  feet  in  depth,  and  frequently  so  contracted  and  rugged 
that  improvement  of  the  fall  by  ordinary  methods  would  be  impracticable.  There  are  no  artificial  reservoirs,  and 
the  dry-season  flow  appears  rather  less  well  sustained  than  that  of  East  Canada  creek.  Heavj-  runs  of  ice  occur, 
and  there  are  violent  spring  freshets,  during  which  the  flats  near  the  mouth  are  submerged. 

The  first  power  in  use,  ascending  the  stream,  is  encountered  at  Herkimer,  and  is  improved  by  a  timber  dam 
resting  on  gravel  and  rock.  Several  years  ago  one-quarter  of  the  dam  became  undermined  by  overflowing  water  ' 
and  was  carrieu  away.  Water  passes  to  the  mills  through  a  face  2  miles  long,  broadening  out  in  one  part  to  a  lake 
half  a  mile  long  and  a;  quarter  of  a  mile  wide.  In  the  lower  part  this  race  is  from  30  to  35  feet  wide  and  5  feet  deep. 
The  tail-race  from  the  lower  mills  is  at  least  half  a  mile  in  length.  The  water  is  used  in  two  falls  of  21  and  about 
14  feet,  respectively.  The  upper  fall,  of  21  feet,  is  occupied  by  the  Herkimer  Paper  Company,  manufacturer  of  news 
and  colored  papers,  producing  5  tons  per  day.  About  150  horse-power  is  in  use.  The  lower  fall  is  nominally  divided 
into  square  feet  under  14  feet  head,  but  the  head  actually  obtained  is  said  to  range  ordinarily  from  13  down  as  low 
as  to  10  feet.  Power  is  used  by  a  saw-mill,  2  sash-,  door-,  and  blind-shops,  a  4-run  grist-mill,  a  plaster-mill,  a  knit- 
goods  mill,  and  a  furniture  factory.  There  is  in  some  years  more  or  less  scarcity  of  water  for  one  or  two  months  in 
summer ;  slight  trouble  is  also  experienced  from  backwater,  and  in  some  winters  the  mills  are  shut  down  several 
days  by  anchor-ice. 

From  Herkimer  to  Trenton  Falls,  some  20  miles  above,  the  stream  is  described  as  in  general  wide,  and  running 
over  a  gravelly  bed  with  rifts  but  no  heavy  falls.  In  this  interval  there  are  said  to  be  no  powers  of  consequence 
ill  use,  except  at  Middleville  and  Newport,  at  the  former  of  which  places  there  are  a  gristmill  and  a  tannery. 

At  Trenton  Falls  the  stream  passes  through  a  wonderful  gorge  in  the  hills,  pitches  abruptly  down  in  a  series 
of  falls,  and  gives  rise  to  the  charming  scenery  for  which  the  locality  is  famous.  A  considerable  portion  of  the 
fall  might  doubtless  be  turned  to  avail  for  power,  but  the  present  owner  of  the  property  adjoining  the  principal 
falls  is  not  in  favor  of  any  such  encroachment  upon  the  natural  beauties  of  the  place,  and  it  would  indeed  seem 
like  a  desecration  to  supplant  the  charms  of  this  favored  spot  by  the  homely  surroundings  of  an  ordinary 
manufacturing  village. 

The  lowest  available  privilege  is  at  the  foot  of  the  series  of  falls,  and  is  occupied  by  William  A.  Morgan  for 
a  3-run  grist-mill.     It  is  improved  by  a  timber  dam  212  feet  long  and  9  feet  high,  built  in  1869  or  1870.     A  sudden 
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fall  of  5  feet  immediately  below  increases  the  head  at  the  mill  to  14  feet.  There  is  always  a  wastage  on  the  dam, 
and  when  visited,  in  a  very  low  stage  of  the  stream,  there  was  6  inches  of  water  on  the  crest,  the  mill  not  running 
at  the  time.  Five  feet  is  the  extreme  freshet-rise  seen  on  the  dam  during  a  number  of  years.  Two  years  before  it 
was  rebuilt  the  original  log  dam  was  carried  out  at  eaclf  end.  The  pondage  obtained  here  is  very  small.  Ice  is 
thoroughly  broken  up  in  coming  down  through  the  gorge  above,  and  goes  over  clear  of  the  dam ;  some  roots  of  trees 
are  brought  down  at  times,  however,  and  threaten  the  structure.  Freight  rates  are  complained  of  as  high  at  this 
point,  and  are  said  to  be  as  much  to  Utica  by  railroad  as  by  team.  In  the  fall  of  1882  they  were  stated  to  be  12J 
cents  per  100  pounds  for  ordinary  freight  between  here  and  Utica,  a  distance  of  16  miles,  and  for  car-loads  of  grain, 
coal,  and  similar  articles,  7  cents  per  100  pounds. 

The  descent  at  Trenton  Falls  is  commonly  spoken  of  as  200  feet  in  half  a  mile,  but  exact  figures  as  to  its  true 
amount  could  not  be  secured.  Mr.  Moqre,  owner  of  the  land  adjacent  to  the  falls  on  each  side  of  the  stream,  gives 
thefall  at  four  of  the  principal  pitches,  in  order  ascending  the  stream,  as  follows:  Sherman  fall,  24  feet;  High 
fall,  105  feet;  Mill-dam  fall,  14  feet;  Suydam  fall,  12  feet. 

The  sides  of  the  chasm  through  which  the  stream  runs  here  are  steep,  almost  vertical,  walls  of  Trenton  limestone. 
Opposite  the  Mill-dam  fall  the  banks  are  lower  than  elsewhere,  and  by  sinking  a  wheel-pit  and  tunneling  for  the. 
tail-race  from  the  bottom,  this  fall  could  be  combined  with  the  High  fall  and  a  very  large  head  obtained.    At  the 
top  of  the  banks  the  ground  is  sufficiently  level  for  the  location  of  mills. 


Ustimate  of  power  at  Trenton  Falls,  (a) 
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Spring. 

Sum- 
mer. 

■ 

Au- 
tumn. 

Winter. 

Tear. 

1  foot 
fall. 

12  feet, 
Suy- 
dam 
fall. 

14  feet, 
Mill- 
dam 
fall. 

155  feet, 

total  of 

fourfalls. 

200  feet, 
assnmed 

total  at 
Trenton 

Falls. 

Indies. 

Inches. 
13 

Inches. 
10 

Inches. 
8 

Inches. 
40 

Sq.  miles. 
360 

CuUcfeet. 

f        80 
\       100 

I      150 

9.09 
11. 36 
17.  04  ' 

110 
140 
200 

130 

160 
240 

220  ■ 

270 

410 

950 
1,190 
1,790 

1,410 
1,760 
2,640 

1  820 

2,270 
3,410 

Available  10  months,  average  year. 

a  Frohahly  not  all  available  in  any  case,  and  the  total  fall  uncertain,  though  commonly  stated  at  200  feet. 

6  Eoughly  approximate ;  no  data  for  accurate  determination.    Observations  for  ten  years  at  South  Trenton  give  an  annual  rainfall  of  54  inches,  nearly  18  inches 
in  excess  of  the  amount  as  shown  at  Fairfield  academy,  14  miles  to  the  southeast  and  350  feet  higher  than  South  Trenton,  by  records  for  17  years. 

The  gorge  continues  from  the  lower  mill-privilege,  already  described,  about  2^  miles  up  to  the  Prospect 
privilege.  Immediately  above  the  property  owned  by  Mr.  Moore  the  land  for  half  a  mile  up  stream  is  owned  by 
Mr.  William  Perkins.  In  this  distance  the  cut  made  by  the  stream  is  about  60  feet  deep,  with  steep  sides,  increasing 
in  height  as  the  lower  limit  of  the  property  is  approached ;  for  a  mile  above  this  section  the  depth  is  said  to  average 
from  60  to  80  feet.  The  banks  either  rise  directly  to  level  land  or  consist  of  two  or  three  shelves  where  quarried 
out.  The  stone  is  claimed  to  answer  finely  for  building-purposes ;  it  also  takes  a  handsome  finish  and  is  suited  to 
monumental  work.  It  is  largely  quarried  for  these  purposes  and  for  making  lime,  and  is  obtained  in  blocks  varying 
in  thickness  from  2  feet  downward.  There  are  twelve  or  fourteen  thick  layers,  and  thinner  ones  beneath.  About 
30  feet  of  fall  has  recently  been  sold  by  Mr.  Perkins,  and  will  bo  used  for  power  on  the  right  bank. 

At  Prospect,  3  miles  by  direct  road  from  Trenton,  there  is  a  splendid  privilege  having  a  natural  fall  of  about 
22  feet,  which  could  be  purchased  at  a  reasonable  price.  The  stream  descends  in  a  beautiful  sheet  over  a  smooth, 
massive  barrier  of  rock,  at  the  summit  of  which  a  low  timber  dam  extends  about  a  third  of  the  way  across  from  the 
right  bank.  Its  greatest  height  is  not  over  2J  feet,  and  it  runs  out  on  the  rock.  The  banks  are  level  and  perfectly 
adapted  to  building.  The  half  of  the  privilege  on  the  left  bank  is  owned  by  the  firm  of  Hinckley  &  Blue,  having 
extensive  mills  farther  up  stream,  and  is  unoccupied.  That  on  the  opposite  side  is  occupied  by  Henry  Hogedorn 
for  a  grist-mill,  and  by  Lewis  G.  Griffith  for  a  tannery.  Water  is  received  through  a  race  cut  in  the  solid  rock,  not 
over  75  or  100  feet  long,  and  is  used  under  an  effective  head  of  18  feet.  The  grist-mill  has  3  runs  of  stone  and  3 
wheels,  each  of  30  horse-power,  and  the  tannery  has  one  26  horse-power  wheel.  There  is  always  a  wastage  of 
surplus  water  on  the  dam. 

Estimate  of  'power  available  at  Prospect.  _ 
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310 

22  feet  fall. 
200 
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J     used. 
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a  Koughly  approximate;  no  data  for  accurate  determination. 
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Two  miles  above  Prospect,  Messrs.  Hinckley  &  J51ue  have  wbat  are  known  as  tlie  "g;ing  mills".  They  are 
large  mills  having  two  gang-saws  of  20  saws  each  and  other  machinery.  Some  20  miles  above  nic  Hinckley's 
upper  mills.  Measured  by  direct  course  the  stream  has  its  source  about  38  miles  abo\(i  Prospect.  1  he  valley  is 
described  as  comparatively  open  for  several  miles  up,  after  which  the  mountains  are  encountered  and  the  slopes 
become  in  places  very  precipitous.  For  2G  miles  above  Prospect  the  adjoining'  country  along  the  creek  is  cleared 
and  settled,  but  from  there  up  is  thickly  wooded. 

Sauquoit  and  Orulcany  creeks. — Sauquoit  creek  rises  in  the  town  of  Paris,  in  the  soulhcasteru  part  of  Oneida 
county,  and  runs  uortherly  to  the  Mohawk,  emptying  a  couple  of  miles  above  TJtica.  It  is  30  miles  long  by  general 
course,  and  drains  02  square  miles.  Near  the  mouth,  at  the  Whitesboro'  bridge,  it  is  in  summer  about  80  feet 
wide,  shallow,  with  a  brisk  current,  and  has  low  banks.  It  is  without  artificial  storage  reservoirs,  and  is  very 
"flashy"  and  'fluctuating  in  flow.  The  first  use  of  power  met  in  ascending  the  stream  is  at  the  extensive  New 
York  cotton-mills,  about  2  miles  from  the  mouth.  There  are  three  mills,  or  groups  of  mills,  located  at  two  distinct 
privileges.  At  the  lower  privilege,  Mill  No.  1  has  a  breast-wheel,  20  feet  fall,  and  say  150  horse  power;  Mill  No.  2 
has  a  breast-wheel,  30  feet  fall,  and  350  horse-power.  At  the  upper  privilege  Mill  No.  3  has  30  feet  fall  and  from 
300  to  350  horsepower.  It  is  stated  that  the  three  mills  can  run  at  full  capacity  by  water-power  for  three  or  four 
months  in  the  year,  but  for  the  remainder  of  the  time  get  only  about  one-third  capacity  from  'that  source,  and  are 
obliged  to  rely  upon  steam.  Manufacturing  is  carried  on  at  half  a  dozen  or  more  localities  above  on  the  creek,  the 
principal  productions  being  cotton,  woolen,  knit  and  silk  goods,  forks,  and  scythes.  There  were  also,  in  1880, 
several  unoccupied  privileges,  of  which  there  were  mentioned  in  particular  the  old  Brownell  privilege,  at  the  village 
of  Sauquoit,  factory  burned ;  the  Farmer's  factory  privilege,  factory  burned;  and  a  privilege  between  Chadwick 
and  Clayville. 

Oriskany  creek  has  its  source  in  the  town  of  Madison  and  county  of  the  same  name,  whence  it  flows  northerly 
till  it  reaches  the  Mohawk,  6  miles  northwesterly  from  Utica.  Its  drainage  area  is  135  square  miles.  At  the 
village  of  Oriskany,  a  short  distance  above  the  mouth,  the  state  has  a  dam  a  few  feet  high  and  from  200  to  250  feet 
long,  for  diverting  water  to  the  supply  of  the  Erie  canal.  While  canal  navigation  lasts,  usually  from  May  to 
December,  most  of  the  water  flowing  down  is  thus  used,  and  the  mills  just  below  have  either  to  shut  down  or  to  run 
by  steam.  These  mills  have  a  private  dam  across  the  stream  a  short  distance  below  the  state  dam,  and  receive 
their  water  through  a  long  canal.  The  Oriskany  grist-mill  gets  80  horse-power  with  10  or  11  feet  fall.  The 
Waterbury  factory  has  14  feet  fall,  and  obtains  100  horse-power,  except  during  the  period  of  navigation,  when 
steam  is  largely  relied  upon.  Above  the  pool  of  the  state  dam  there  is  another  dam  with  9  feet  of  fall  not  in  use; 
the  privilege  was  formerly  utilized,  and  there  yet  stand  the  ruins  of  a  brick  factory  which  burned.  Farther  up 
stream  are  powers  employed  by  grist-mills,  one  or  two  cotton  factories,  and  the  Kirkland  Iron  Works.  The  bed 
and  banks  of  the  stream  are  said  to  be  generally  of  gravel.  The  flow  is  comparatively  steady,  there  is  no  trouble 
from  ice,  and  near  the  mouth  the  ordinary  freshet-rise  is  reported  as  not  over  4  feet. 

THE   HOOSAC(a)  EIVER. 

This  stream,  one  of  the  largest  tributaries  of  the  Hudson,  and,  excepting  perhaps  the  Mohawk,  the  most  important 
in  point  of  manufacturing,  takes  its  source  among  the  mountains  in  northern  Berkshire  county,  Massachusetts.  It 
first  runs  northwesterly,  passing  across  the  extreme  southwestern  corner  of  Vermont  and  into  Eensselaer  county, 
New  York.  Beaching  the  northern  boundary  of  that  county  it  turns  and  pursues  an  indirect  westerly  course, 
joining  the  Hudson  opposite  Stillwater.  Its  basin  has  an  area  of  710  square  miles,  and  the  river  itself  has  a  length 
by  general  course,  below  the  junction  of  the  North  and  South  branches  at  North  Adams,  of  about  40  miles.  The 
principal  affluents  received  are  the  Little  Hoosac  river,  Walloomsac  river,  and  Tomhannoek  creek.  As  well  in  New 
York  state  as  at  the  head-waters  in  Massachusetts,  the  country  drained  is  to  a  great  extent  rugged  and  mountainous, 
the  summits  of  the  Taghkanick  and  Petersburg  ranges  attaining  elevations  of  from  1,000  to  2,000  feet  above  tide.(6) 
These  mountains  are  described  as  having  rocky  precipitous  slopes,  and  as  being  partially  covered  at  the  top  with 
timber,  though  displaying  many  bare  masses  of  rock.  The  Taghkanick  range  is  mainly  composed  of  slate,  quartz, 
sandstone,  and  limestone;  while  the  Petersburg  mountains  are  made  up  of  graywacke  slates  and  limestone.  The 
soil  on  the  mountains  is  poor,  but  of  fair  quality  on  the  less  elevated  lands  and  in  the  valleys,  and  in  the  vicinity  of 
Schagbticoke  are  fine  corn-lands.  Wheat,  oats,  potatoes,  and  flax  are  also  raised  in  different  sections,  and  grazing 
and  dairying  are  extensively  condiicted. 

The  immediate  valley  of  the  lower  Hoosac  lies  in  a  moderately  hilly,  open  country,  which  is  good  farming  land 
even  to  the  tops  of  the  hills  and  is  well  cultivated.  In  the  vicinity  of  Hoosac  Falls  the  surrounding  country  grows 
more  hilly,  and  at  Pownal,  and  above  to  the  source,  the  valley  is  inclosed  by  high,  steep,  and  rocky  slopes,  well 
covered  with  a  young  growth  of  timber.  From  Hoosac  Falls  up  to  North  Adams,  directly  adjacent  to  the  stream 
are  fertile  meadows,  and  the  banks  are  rather  low.  Above  Pownal  these  meadows  do  not  often  appear  to  exceed 
half  a  mile  in  width  between  the  hills,  and  they  were  judged  to  be  generally  narrower  than  that.  They  render 
necessarj'  low  dams,  long  races,  and  in  some  cases  low  dikes  to  prevent  overflow ;  even  then  the  meadows  are  at 
times  submerged. 


a  Also  often  written  Moosick. 

b  Historical  and  Statistical  Gazetteer  of  Kew  York. 
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The  Iloosac  lias  a  large  fall,  but  elevations  wliich  should  show  the  true  amount  could. not  be  obtained,  except 
for  one  or  two  very  limited  sections.  A  large  share  of  the  fall  has  already  been  improved,  and  splendid  mills  and 
factories  are  scattered  all  along  the  river's  course.  On  the  upper  waters,  in  Massachusetts,  the  main  branches  of 
manufacturing  are  in  prints,  cotton-warps,  ginghams,  and  woolen  go,ods.  The  productions  by  water-power  along 
the  river  also  include  some  other  varieties  of  cotton  goods  than  those  above  mentioned,  as  well  as  twines,  knit  goods^ 
paper,  mowing-  and  reaping-machines,  axes,  powder,  and  flour;  some  of  the  works,  notably  those  at  Hoosac  Palls, 
being  of  unusually  large  size.  Kotwithstanding  the  number  of  mills  already  erected,  there  is  some  available  fall  still 
undeveloped  between  Williamstown  and  Hoosac  Falls,  while  at  Schaghticoke,  but  a  few  miles  from  the  mouth,  far 
the  greatest  concentrated  power  on  the  entire  river  remains  only  slightly  improved.  The  Troy  and  Boston,  and 
the  Boston,  Hoosac  Tunnel,  and  Western  railroads  both  follow  the  course  of  the  river  closely  from  Schaghticoke 
village  to  North  Adams,  and  are  intersected  at  several  points  by  north-and -south  lines. 

During  the  summer  of  1880,  which  was  a  year  of  very  small  rainfall  in  this  section,  the  flow  of  the  Hoosac  at 
Schaghticoke  was  carefully  observed  under  the  direction  of  Mr.  Leonard  M.  Wright,  civil  engineer,  of  Troy,  who 
has  kindly  furnished  the  results  of  his  examinations.  In  the  latter  part  of  May  he  computed  the  flow  by  taking 
a  cross-section  and  the  velocity  of  the  current,  and  thus  found  the  volume  to  be  455  cubic  feet  per  second  at 
what  was  termed  the  "ordinary  stage"  of  river.  The  result  was  closely  verified  by  a  weir  measurement  on  the 
Schaghticoke  Powder  Company's  upper  dam.  From  May  29  to  July  31  the  depth  on  the  crest  of  this  dam  at  6 
a.  m.,  12  m.,  and  G  p.  m.  was  recorded  daily.  The  approximate  discharge  as  thus  indicated,  for  the  entire  period  of 
nine  weeks,  appears  to  have  been  an  average  of  between  350  and  400  cubic  feet  per  second,  and  the  minumum  for  any 
one  day  (average  of  the  24  hours)  about  185  cubic  feet  per  second.  This  result  is  at  variance  with  the  minimum  flow 
differently  estimated  by  Mr.  Wright  by  computing  the  amount  of  water  used  in  the  water-wheels  at  this  dam,  and 
by  which-  method  he  makes  the  minimum  flow  about  300  cubic  feet  per  second.  The  drainage  area  above 
Schaghticoke  being  625  square  miles,  a  discharge  of  185  cubic  feet  corresponds  to  about  0.30  cubic  foot  per  second 
per  square  mile.  The  river  is  subject  to  heavy  ice  runs,  and  is  considered  to  rise  and  fall  quickly  after  storms. 
There  is  but  a  moderate  amount  of  storage  in  reservoirs,  and  that  is  at  the  extreme  head- waters.  The  pondage  by 
the  dams  along  the  stream  is  not  usually  large,  and  'the  steep  impervious  slopes  which  characterize  much  of  the 
drainage  basin  favor  the  rapid  carrying  off  of  storm-waters,  from  which  causes  it  would  be  reasonable  to  expect 
considerable  fluctuations  between  low  and  high  water. 

In  ascending  the  river,  water-privileges  are  met  as  follows : 

Poicer  at  SchaghiicoTce. — The  village  of  Schaghticoke,  sometimes  called  Hart's  Falls,  has  a  population  of  1,300,  is 
the  site  of  several  important  manufacturing  concerns,  and  by  the  large  unimproved  water-power  which  it  i)ossesses 
offers  facilities  for  a  much  farther  increase  in  such  industries.  It  has  good  railroad  connections  in  all  directions,  is 
distant  about  a  dozen  miles  from  Troy,  and  half  that  number  from  Mechanicsville,  on  the  Hudson,  where,  as  we 
have  seen,  a  flue  power  has  recently  been  developed  for  the  manufacture  of  paper  and  pulp.  At  this  locality  the 
banks  of  the  Hoosac  are  high  and  rocky,  and  the  bed  is  composed  of  slate  ledges  dipping  to  the  eastward  at  a 
large  angle.  The  width  varies,  but  at  the  road  bridge  is  about  350  feet  between  banks.  Beginning  at  the  Cable 
Flax  Mills'  upper  privilege  five  distinct  falls  may  be  recognized  directly  in  the  village,  three  of  them  more  or  less 
used  for  power  at  present,  and  two  entirely  unoccupied.  The  total  descent  on  the  five  falls  is  about  97|  feet.  The 
mills  are  all  on  the  right  bank,  on  which  side  the  village  is  mainly  situated,  and  toward  which  the  natural  tendency 
of  the  current  carries  the  major  portion  of  the  flow. 

The  upper  privilege  is  improved  by  a  timber  dam  extending  clear  across  the  river,  and  embraces  a  fall  of  8 
feet.  Power  is  used  by  Wiley  &  Button,  manufacturers  of  straw  wrajsping-paper,  and  by  the  Cable  Flax  Mills 
Company  in  its  No.  3  mill.  This  company  manufactures  twines,  yarns,  shoe-threads,  and  similar  goods,  and  uses 
here  a  single  wheel  of  60  horse-power.  The  paper-mill  wheels  are  of  old  style  and  their  power  was  not  accurately 
known.  At  the  time  Mr.  Wright,  acting  for 'the  owner  of  the  large  water-power  at  Schaghticoke,  measured  the  • 
flow  of  the  stream  he  also  prepared  a  statement  showing  the  gross  or  theoretical  horse-power  that  had  been  sold 
from  each  fall.  From  this  it  appears  that,  in  the  summer  of  18S0,  121  gross  horsepower  had  been  disposed  of  to 
manufacturers  at  the  upper  fall.  Wiley  &  Button  say  that  there  is  sometimes  a  lack  of  water  for  their  wheels. 
Two  or  three  winters  ago  the  stream  froze  very  thick  and  they  were  short  of  power  for  two  months. 

The  second  fallis  7  J  feet,  and  is  partially  improved  by  a  log  dam  running  from  the  right  bank  about  half-way 
across  to  an  island.  The  power  here  is  used  by  the  Cable  Flax  Mills  Company,  which  has  250  horse-power  of 
wheels,  but  is  short  of  water  for  running  at  full  capacity  about  four  months  in  the  year.  The  privileges  here 
described  succeed  one  another  closely,  the  descent  of  the  stream  being  very  rapid. 

The  third  to  be  noticed  has  a  total  fall  of  24J  feet,  included  in  which  is  a  sudden  pitch  of  12  or  15  feet  over  a 
slate  ledge.  Just  above  this  pitch  are  the  partial  remains  of  an  old  dam  by  which  the  privilege  was  formerly 
improved.  There  were  mills  at  each  end  of  the  dam,  but  they  were  burned  and  only  a  few  ruins  are  left.  The  site 
is  a  fine  one,  but  is  reported  to  have  been  held  at  a  very  high  price,  which  has  prevented  its  development. 

The  fourth  power  is  the  last  one  in  order  that  is  in  use  on  the  stream,  and  includes  a  fall  of  34^  feet.  It  is  occupied 
on  the  right  bank  by  the  Schaghticoke  Woolen  Mill,  manufacturing  fancy  cassimeres  and  worsteds  and  having  12 
sets  of  machinery.    The  head  actually  used  here  is  30  feet,  under  which  is  run  one  wheel  of  170  horse-power. 
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There  is  always  enougli  water,  and  for  ten  months  in  the  year  a  waste  clay  and  night  over  tlie  dain.  The  latter  is 
a  log  structure,  extending  from  the  rij>ht  or  north  bank  diagonally  up  stream,  and  decreasing  in  height  from 
about  9  feet  till,  as  the  river-bed  rises  sufliciently,  it  runs  out  on  the  rocks  at  the  foot  of  an  island.  The  entire 
river  is  not  controlled;  but,  the  island  stretching  up  stream  and  the  main  channel  setting  toward  the  dam,  the 
larger  share  of  the  water  is  diverted  to  the  mill,  which  is  located  directly  opposite  the  dam.  The  main  building  is 
of  brick,  180  by  84  feet  in  plan,  4  stories  high,  with  a  large  wing  of  160  by  50  feet.  Employment  is  given  to  220 
hands.  Immediately  below  the  woolen-mill  is  a  3-run  grist-mill,  receiving  water  from  above  the  same  dam  through 
a  distinct  flume,  and  using  the  full  fall  of  34  feet. 

The  fifth  and  last  of  this  series  of  falls  includes  23  feet  and  is  entirely  undeveloped.  It  ex  tends  from  the  woolen 
mill  ])rivilege  in  heavy  rapids  down  to  what  is  known  as  the  "big  eddy",  at  no  great  distance  below. 

The  power  available  at  these  falls  may  be  estimated  as  follows : 

Estimate  of  power  at  Schaghticolce  village. 


RAraFALL  ON   UASIN. 

Drainage 
area. 

■ 

Flow 

per  second, 

average 

for  the  24 

hours. 

THEORETICAL  HOHSE-rOWEE. 

stage  of  river. 

Spring. 

Sum-  < 
mer. 

Au- 
tamn. 

WiD- 
ter. 

Tear. 

1   foot 

fall. 

^i?G" 

8  feet. 

Second 

fall, 
7S  feet. 

1 

Third    |  Fomth 

fall,      1     fall, 

24J  feet.  I  34J  feet. 

Fifth 

faU. 

23  feet. 

Total 

fall, 

97*  feet. 

In>. 

Ins. 
13 

Ins. 
94 

Ins. 

n 

Ins. 
38 

Sq.  miles. 
625 

Cubic  feet, 
i          200 
\          260 
I          360 

22.72 

28.40 
40.  90 

180 
230 
330 

170 
210 
310 

560            780 

700     •      980 

1,000         1,410 

520 
050 
940 

2,210 

2,770 

Available  10  moDths,  average  year . . . 

3,990 

Note. — The  effective  horse-power  utilized  can  not  be  stated  here  with  accuracy,  but  in  the  fall  of  1882  there  appeared  to  be  in  use  an  aggregate  of  about 
COO  horse.power  of  wheels. 

Passing  below  the  "big  eddy"  the  river  enters  a  narrow  gorge,  and  for  half  or  three-quarters  of  a  mile  runs 
with  rapid  descent  between  high  and  abrupt  rocky  banks.  The  bed  is  also  rocky,  t'or  much  of  this  distance  the 
banks  are  too  steep  for  the  convenient  location  of  mills,  but  the  stream  makes  some  very  sinuous  curves,  and  where 
it  approaches  the  Boston,  Hoosac  Tunnel,  and  Western  railroad  there  is  an  extensive  open  site  having  a  gentle 
slope.  A  little  way  above  this  point  an' attempt  was  made  years  ago  to  utilize  power  for  milling.  A  brush  dam 
was  built,  and  a  race  run  diagonally  across  a  bend  behind  a  rocky  bluff.  The  dam  was  carried  away,  but  the  canal 
remains,  and  an  opportunity  is  presented  for  developing  a  good  power,  though  the  location  has  the  disadvantage  of 
being  much  below  the  grade  of  the  railroad  and  away  from  the  village,  there  being  no  settlement  in  the  immediate 
vicinity.  At  the  entrance  to  the  old  race  the  river-bed  is  of  rock;  the  banks  are  of  the  same  character  and  high  on 
each  side.  The  race  itself  is  about  25  feet  wide,  excavated  through  rock  part  of  the  way,  and  is  rather  shallow,  the 
bank  on  one  side  frequently  being  but  U  or  3  feet  high;  it  is  perhaps  600  or  800  feet  long.  From  the  bed  of  the 
race,  between  theold  bulkhead  walls  at  its  terminus,  down  to  the  low-water  surface  of  the  river,  100  feet  or  so  distant, 
the  fall  is  21  feet,  which  would  be  increased  2  or  3  feet  from  the  water-surface  in  the  race.  The  i^ower  corresponding 
to  this  fall  maj'  be  judged  by  comparison  with  the  estimate  above,  the  volume  of  the  river  being  practically  the  same 
as  at  Schaghticoke.  Below  the  gorge  the  river  finally  issues  among  wide  meadows,  and  thence  to  the  mouth  has 
but  little  fall. 

As  nearly  as  could  be  ascertained,  the  privileges  here  described  were  owned  substantially  as  follows  in  November, 
1882 :  Passing  up  through  the  gorge  below  the  village,  the  estate  of  George  M.  Tibbits,  (a)  of  Troy,  includes  all  the 
land  on  the  left  bank  (left  descending)  for  1  mile,  more  or  less,  nearly  up  to  the  woolen-mili  iall.  On  the  opposite 
bank  John  Downs,  of  Schaghticoke,  owns  up  to  the  point  where  Betsy  A.  Hart's  interest  [h]  begins.  Above  these 
proprietors  Betsy  A.  Hart  owns  continuously  on  both  banks  up  to  the  head  of  the  falls,  excepting  certain  limited 
powers  disposed  of  to  the  different  manufacturers. 

The  river  aiove  ScliaghticoTce. — A  short  distance  uj)  from  the  village  the  Schaghticoke  Powder  Company  has 
quite  extensive  works  on  the  south  bank  of  the  stream,  and  owns  a  total  of  20  feet  fall  in  two  privileges.  The  dams 
are  both  timber  structures,  and  rest  on  the  solid  rock  which  still  constitutes  the  river-bed.  The  lower  dam  is  176 
feet  long,  and  varies  in  height  from  18  inches  to  10  feet,  according  to  the  profile  of  the  rock  on  which  it  is  built. 
A  glazing-house  and  two  packing-houses  are  supplied  from  this  privilege,  about  60  horse  power  being  in  use. 
Water  is  carried  from  the  dam  a  total  distance  of  790  feet,  in  a  trunk  which  decreases  from  4J  to  3  feet  in  diameter, 
giving  a  head  ranging  from  6J  to  12  feet. 

The  upper  dam  has  a  roll-way  214  feet  long,-  with  a  quite  uniform  height  of  about  0^  feet.  The  wheels  on  this 
privilege  run  under  8  feet  head  and  furnish  in  the  aggregate  168  horse-power.  Water  is  conveyed  from  the 
dam  950  feet,  part  of  the  way  in  an  open  flume  6  feet  square,  and  the  remaining  distance  in  an  underground  trunk 
ranging  in  diameter  from  4  to  3  feet.  Power  is  furnished  to  two  wheel  mills,  a  pulverizing-mill,  a  press-mill,  and  a 
corHing-mill. 


a  Eepresented  in  Troy  by  Benjamin  Hall,  esq. 

6  Eepresented  in  Troy  by  WiHiam  H.  Dougbty,  esq. 
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The  powder  mill  dam  sets  the  river  back  from  half  a  mile  to  a  mile,  succeeding  which  is  the  power  at  Valley- 
Falls.  The  dam  at  that  point  is  built  of  squared  timbers,  the  face  having  a  small  batter.  It  is  12  or  13  feet  high, 
with  top  rafters  24  feet  long,  and  is  pinned  to  the  bed-rock;  it  was  built  in  1881  to  replace  an  old  structure,'and  cost 
about  $4,500.  The  head  obtained  at  the  mills  is  15  or  16  feet.  On  the  north  side  the  power  is  owned  and  utilized 
by  the  Valley  Falls  Paper  Manufacturing  Company,  manufacturer  of  straw  wrapping-paper.  On  the  south  side 
power  is  used  by  the  Valley  Falls  Knitting  Mills,  Harrington  &  Crapo's  5-run  custom  and  merchant  mill,  and  James 
Thompson  &  Co.'s  mill  for  the  manufacture  of  linen  twines  and  yarns,  cotton  mosquito-netting,  and  buckram.  The 
last-mentioned  concern  has  15  feet  fall,  300  horse-power  of  wheels,  and  is  usually  short  of  water  about  one  month, 
in  the  year. 

Slack- water  extends  1  or  2  miles  above  Valley  Falls,  and  thence  to  Johnsonville  there  are  occasional  riffles,, 
but  it  is  not  considered  that  there  is  suflcient  fall  to  constitute  another  privilege  of  any  importance. 

The  next  power  is  principally  owned  by  the  Johnsonville  Ax  Company,  that  concern  being  responsible  for  five- 
sixths  of  the  repairs  on  the  dam.  The  remaining  share  is  in  some  dispute,  but  1,000-spindle  power  is  certainly  reserved 
to  J.  H.  Aiken,  who  runs  a  small  grist-mill  and  cider-mill.  The  Johnsonville  company  is  a  large  manufacturer  of 
axes,  of  which  it  turns  out  from  10,000  to  12,000  dozens  per  year,  and  of  various  other  tools  such  as  hatchets  and  adzes,, 
the  production  of  which  is  about  the  same  m  number  as  of  axes.  This  company  has  4  water-wheels  running  under 
a  head  of  8  feet,  and  besides  its  tool-works  carries  on  a  small  grist-mill.  The  dam  is  a  log  structure  450  feet  long 
and  ranging  from  3  to  8  feet  in  height.  It  rests  on  rock  throughout,  was  built  some  twenty -five  years  ago,  and  was 
largely  repaired  about  1880  or  1881.  Although  it  forms  a  pond  nearly  a  mile  long,  this  is  insufficient  fully  to  store 
the  night- water,  ev^ii  in  the  very  lowest  stage  of  river.  In  the  dry  season  the  ax  factory  is  occasionally  a  little 
short  of  water,  and  in  winter  there  is  sometimes  a  short  stoppage  on  account  of  anchor-ice.  The  extreme  freshet- 
depth  on  the  dam  is  stated  to  be  probably  not  over  3  or  4  feet. 

Ascending  the  stream  toward  Eagle  Bridge  the  course  is  found  to  lie  through  meadows,  and  there  is  a  fair 
current,  but  only  moderate  fall.  The  valley  is  open,  with  long,  partially- wooded  side  slopes.  At  Eagle  Bridge- - 
the  main  river  is  130  feet  wide,  and  a  short  distance  above  the  crossing  displays  rock  in  one  bank,  while  below  are 
short  rapids  over  a  gravelly  bed  ;  the  left  bank  is  well  suited  to  canal  and  buildings.  The  Owl  kill  comes  in  at 
Eagle  Bridge,  and  in  the  lower  part  of  the  village  of  Hoosac  Falls  the  main  river  is  joined  from  the  east  by  the 
Walloomsac,  an  important  tributary  and  presenting  near  its  mouth  a  fine  unoccupied  site,  formerly  utilized  by  a 
mill,  which  was  burned. 

The  next  improved  power  to  be  noticed  on  the  Hoosac  river  is  at  Hoosac  Falls,  and  is  utilized  by  the  very 
extensive  works  of  the  W.  A.  Woods  Mowing  &  Eeuping  Machine  Company.  The  manufacturing  works,  exclusive 
of  the  lumber-yard,  occupy  a  wedge- shaped  plot  of  ground  three-quarters  of  a  mile  long,  and  a  quarter  of  a  mile 
wide  at  the  base.  The  company  employs  1,600  hands,  and  in  1881  turned  out  46,000  machines.  The  river  here 
descends  over  massive  rock  ledges,  and  at  the  top  of  the  falls  there  is  a  low  horseshoedam,  part  log  and  part 
framed.  One  water-wheel  is  used,  rated  at  300  horsepower,  and  run  under  a  fall  of  19  feet.  There  is  at  times  a 
shortage  of  water  in  summer  and  steam  has  to  be  used.  Trouble  is  also  sometimes  experienced  in  winter;  the  pond, 
above  the  dam  is  shallow,  and  in  extremely  cold  seasons  freezes  almost  solid. 

The  next  power  is  at  iforth  Pownal,  Vermont,  and  is  utiHzed  by  the  fine  mill  of  the  North  Pownal  Manufacturing 
Company,  running  60,000  spindles  and  400  looms  on  print-cloths.  The  dam  is  a  log  affair,  said  to  be  a  hundred  years 
old ;  it  measures  140  feet  in  length,  and  22  feet  in  height  from  the  foundation.  Water  is  carried  125  feet  to  the  mill 
through  two  8-foot  trunks,  and  used  under  a  head  of  17  feet.  There  are  three  water-wheels,  each  of  165  horse- 
power ;  only  two  are  ordinarily  used,  the  third  being  reserved  for  high  water,  when  the  head  is  reduced.  For 
about  nine  months  in  the  year  these  wheels  can  be  run  at  full  capacity,  and  in  November,  1882,  were  being  run  at 
about  one-half  capacity,  the  stream  being  at  that  time  very  low.  In  September  of  the  same  year  a  new  bulkhead- 
was  being  put  in  at  the  dam,  when  a  sudden  and  violent  freshet  destroyed  the  temporary  works  and  carried  away 
30  feet  of  the  mill. 

From  Hoosac  Falls  to  Pownal,  and  above  to  Williamstown,  an  entire  distance  of  about  15  miles,  the  fall  of  the 
stream  does  not  appear  to  be  fully  taken  up,  and  there  is  thought  to  be  some  further  opportunity  for  manufacturing. 
The  stream  is  in  this  section  generally  bordered  by  meadows,  and  is  a  succession  of  pools  or  stretches  of  smooth. 
water  separated  by  riffles  over  gravel  shoals. 

Above  North  Pownal  the  first  use  of  power  is  by  the  Hoosac  Valley  Knitting  Company,  at  South  Pownal.  One 
wheel,  of  probably  50  or  60  horse-power,  is  run  under  a  fall  of  9  feet.  Two  thousand  spindles  are  operated  in  ther 
manufacture  of  hosiery,  shirts,  ancj  drawers. 

.  At  Williamstown,  Massachusetts,  the  Hoosac  is  from  90  to  100  feet  wide,  and  is  utilized  by  the  Williamstown 
Manufacturing  Company,  running  17,000  spindles  and  378  looms  on  print-cloths.  This  company  has  14  feet  fall 
and  473  horsie-power  of  wheels,  which,  as  was  stated,  it  had  been  able  to  run  continuously  from  December,  1881, 
to  July,  1882.  The  dam  is  in  two  sections,  running  .to  an  island,  and  is  in  part  framed  and  in  part  built  of  logs. 
Water  is  conveyed  to  the  mill  in  a  race  several  hundred  feeflong.  The  mill-ponds  on  this  portion  of  the  stream 
are  usually  small;  that  at  Williamstown,  the  mill  superintendent  stated,  could  probably  be  drawn  down  by  the 
wheels  in  three  hours  if  not  supplied  from  the  stream. 
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The  next  manufacturing  village  is  Blackinlou,  where  the  South  Blackintou  Woolen  Company  uses  12  feet  of  fall 
and  runs  18  sets  of  machinery  on  fancy  cassimeres.  The  company  has  one  64-  and  one  60-inch  American  turbine, 
which  can  be  run  at  full  power  about  three  months  in  the  year.  The  dam  is  a  log  and  stone  crib-work  built  on  a 
rock  foundation.  Both  head-  and  tail-race  are  long,  and  the  former  troubles  seriously  at  times  in  winter  by  freezing 
solid.    Much  difficulty  is  also  experienced  with  anchor-ice. 

The  Greylock  Mills  are  next  in  order,  with  6,800  spindles  and  300  looms  for  the  manufacture  of  fine  ginghams. 
The  dam  is  of  stone  in  cement,  210  feet  long.  A  5-foot  Swain  and  a  4-foot  Hunt  wheel  are  run  under  a  fall  of  17 
or  18  feet.  The  supply  of  water  is  sufficient  for  full  power  about  half  of  the  year,  but  the  remainder  of  the  time 
steam  is  used  as  auxiliary. 

The  last  power  on  the  main  river  is  at  the  village  of  Braytonville,  in  the  town  of  North  Adams,  and  is  occupied 
by  the  North  Adams  Manufacturing  Company,  running  12  sets  of  cards  on  fancy  cassimeres.  The  dam  is  about  190 
feet  long  and  12  feet  high.  Here,  as  has  been  noticed  farther  down  its  course,  the  stream  is  bordered  by  meadows 
and  long  races  are  necessary.  At  this  privilege  the  head-race  is  from  three-eighths  of  a  mile  to  a  half-mile  long  and 
the  tail-race  is  about  a  quarter  of  a  mile  long.  A  fall  of  20  feet  and  125  horse-power  are  in  use.  This  amount  of 
power  is  stated  to  be  obtained  about  eight  months  in  the  year,  but  at  times  in  the  dry  season  the  amount  falls  as 
low  as  40  or  50  horse-power  for  several  days  in  succession. 


Summary  of  the  principal  water -privileges  on  the  Eoosac  river  below  North  Adams  {in  order  passing  down  stream). 

Horse- 

Locality. 

Finn. 

Manufacture. 

Fall. 

power  of 

Eemarks. 

use. 

Feet. 

Braytonville 

Xortli     Adams     Manufacturing 
Company. 

20 

125 

12  sets  of  cards.  Can  run  full  capacity  by 
water-power  eight  months  in  the  year. 

Greylock 

Greylock  Mills                . .  . 

17-18 

325 

300  looms;  6,800  spindles.  Use  steam  as  aux- 
iliary power  half  the  year. 

Blackinton 

South  Blackinton  Woolen  Com- 
pany. 

12 

180 

18  sets  of  cards.  Runs  at  full  capacity  by 
water-power  three  months  in  the  year. 

Williamstown 

Williamstown       Manufacturing 
Comp.any. 

14 

472 

17,000  spindles;  3781ooms.  Pond  alone  would 
carry  mill  not  over  three  hours.  Usea 
steam  a  large  part  of  the  year. 

Hoosac    Valley    Knitting    Com- 
pany. 

North     Pownal     Manufacturing 
Company. 

Hosiery,  shirts,  and  drawers. 

Runs  2,000  spindles. 

Extra  wheel  of  165  horse-power  is  used  In 
high  water.  Company  runs  50,000  spindle* 
and  400  looms. 

Korth  Pownal 

17 

330 

Hoosao  Falls 

W.  A.  Woods  Mowing  &  Eeap- 
ing  Machine  Company. 

Mowers,  reapers,  etc 

19 

300 

Very  extensive  works.  Emijloys  1,600  hands, 
and  turned  out  46,000  machines  in  1881. 

JolmsonTiUe 

Johnsonville  Ax  Company 

Axes,  batcbets,  adzes,  and 
other     tools;    also    runs 
a  small  grist-mill. 

1 

I              8 

200  ± 

(•Manufactures  10,000-12,000  dozen  axes  per 
year,  and  an  equal  number  of  other  tools. 

Do 

J.  H.  Aiken 

Knns  a  small  grist-mill  and 
cider-mill. 

Straw  wrapping-paper ...... 

Owns  1,000  spindle-power. 

Valley  Falls 

Valley  Falls  Paper  Manufactur- 
ing Company. 

Do 

Valley  Falls  Knitting  Mills 

15-16 

640 

Do 

Operate  a  5-run  custom  and 
merchant  mill. 

Permanent  power  thoroughly  utilized,  and 

from  a  few  days  to  a  month  or  more. 

Do 

Linen    twines    and   yams, 
cotton   mosquito-netting, 
and  buckram. 

Shortly  above  Schaghticoke. 

Schagbticoke  Powder  Company  .. 

Powder 

8 

158 

Do 

..:..  do 

do 

6i-12 

50 

Schaghticoke 

Wiley  &  Button 

straw  wrapping-paper 

Twines,  yams,  8hoe-threa<l8, 

Do 

Cable  Flax  Mills  Company 

(       • 

Do 

do 

do 

74 
24i 

30-34 

600  ± 

Do 

Large  proportion  of  power  not  utilized.    See 
•    description  of  powers  at  Schaghticoke  and 

Do 

Schagliticote  "Woolen  Mill 

D.  Ewart 

Do 

J 

Do 

TJnoccnpied 

23 
23± 

do 

At  North  Adams  the  main  Hoosac  divides  into  the  North  and  South  branches;  each  of  these  supports  a  large 
amount  of  manufacturing,  and  will  be  separately  described. 

The  Worth  branch  at  North  Adams  runs  witli  rapid  descent  through  a  narrow  and  rugged  valley.  Its  bed  is  of 
solid  rock  or  is  covered  with  gravel  and  bowlders,  and  it  seldom  exceeds  50  or  60  feet  in  width  where  running  freely. 
On  neither  branch  of  the  Hoosac  are  the  dams  an  important  feature,  they  being  generally  of  moderate  length  and 
height,  built  variously  as  stone  or  timber  structures.  Aside  from  that  contained  in  a  small  reservoir  in  the  upper 
waters,  the  amount  of  water  ponded  is  small,  and  it  was  stated  that  on  the  North  branch  probably  uo  mill  could 
be  run  more  than  3  hours  on  its  pondage  alone.  The  chief  dependence  of  the  stream  in  the  dry  season  is  on  the 
Clarksburg  reservoir  some  2J  miles  above  North  Adams.  It  now  flows  44  acres,  and  can  be  drawn  down  about 
8  feet  from  full-water  line.  It  is  controlled  by  an  association  of  the  mill-owners,  and  for  four  weeks  will  keep  up 
+Vio  oiiTMii^T  Tiooriofi  at.  Tirioo-H'  Tni'iij  the  upjiermost  in  the  village.     It  is  practicable  to  enlarge  this  reservoir  1o  156. 
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acres,  with  opportunity  to  draw  it  down  22  feet  from  full-water  Hue,  which  would  insure  to  Briggs'  mill  80  horse- 
])o\ver,  on  a  fall  of  about  27  feet,  for  100  days  in  the  dry  season.  It  is  said  that  there  are  also  other  places  on  the 
>up[)er  waters  of  this  branch  where  small  reservoirs  of  from  25  to  50  acres  could  be  constructed. 

From  the  Clarksburg  reservoir  down  to  the  crest  of  Briggs'  dam  there  is  stated  to  be  lOD  feet  or  more  of  fall, 
more  or  less  completely  taken  up  in  several  unimportant  gi'ist-  and  saw-mill  powers.  Thence  to  the  mouth  of  this 
iDranch  the  privileges  are,  in  order,  as  given  below.  The  figures  for  fall  are  kindly^  furnished  by  Mr.  Briggs,  and 
were  determined  by  careful  leveling;  in  some  cases  there  is  a  slight  variation  from  figures  given  by  the  different  mill 
superintendents,  but  it  is  not  important,  and  is  very  likely  accounted  for  by  the  use  of  flash-boards. 


Water-privileges  on  the  North  branch  of  the  JSoosac  river,  in  North  Adams  (in  order  passing  down  stream). 


Finn. 


Manufacture. 


FaU. 


Horse- 
power of 
wheels. 


Bern  arks. 


3rigg8  Brothers  . 


Fancy  casaimerea. 


Privilege  pwned  by  Gallnp  &  Honghton . 

Gallap  &  Honghton  (Beaver  mill) 

Glen  Woolen  Company 

Arnold  Print  Works  (Eclipse  mill) 


Unimproved 

Prlnt-clotts 

Fancy  cassimeres. 
Prints 


Ft.  in. 
27    4 


40  0± 

25  8 

14  2 

36  4 


125 


206 

97 

300 


Do 


-Freeman  Manufacturing  Company , 

Freeman  Manufacturing  Company  (Eagle  mill)  . 

Freeman  Manufacturing  Company  (Eates  mill) . . 

Freeman  Manufacturing  Company  (Stone  mill) . . 

iR.  L.  Jones  leases  privilege  from  Arnold  Print 
Works. 


Unused  

Printing-works . 

Print-cloths 

do 

do 


20 
11 


Satinet  warps   and  cotton 
towelings. 


25  5 

15  5 

13  9 

9  5 


60 
270 
60 
35 
55 


8  sets  of  machinery ;  140  banda.  Production  90,000  yarda  per 
month.  Can  mn  at  full  capacity  by  water-power  about  8 
months  in  the  year.  Under  ordinary  circumstances  the 
power  would  not  fall  below  one-half  capacity,  even  in  a  very 
low  stage ;  hut  on  account  of  the  small  pondage  here,  and 
the  holding  back  of  water  at  uncertain  timea  by  the  mills 
above,  the  flow  is  very  irregular,  and  the  power  sometimes 
mna  as  low  aa  15  or  20  horae-power. 

152  handa ;  10,000  spindles ;  232  looms. 

100  hands ;  8  seta  of  machinery, 

164hands;  300  looms;  12,000  spindles.  Have  also  a  300  horse- 
power engine.  Can  run  by  water-power  alone  four  months 
in  the  year. 


Steam  used  for  auxiliary  power  from  three  to  nine  months 
in  the  year,  according  to  the  mill.  At  the  three  mills  there 
are  run,  in  the  aggregate,  17,000  spindles  and  295  looma. 

Euna  1,100  spindles.    Conaiders  ateam  principal  power. 


The  South  branch  runs  with  less  rapid  fall  and  through  a  more  open  valley  than  the  North  branch,  and  between 
Jv^orth  and  South  Adams  is  bordered  by  extensive  meadows.  It  is  supplied  in  the  dry  season  from  what  is  known 
-as  the  Cheshire  reservoir,  lying  in  the  town  of  that  name.  This  is  estimated  to  contain  from  600  to  700  acres,  and  can 
be  drawn  down  7  or  8  feet  from  full- water  line.  It  fills  regularly  in  the  spring,  and  is  drawn  upon  for  from  five  to 
eight  months.  The  reservoir  is  controlled  by  an  association  of  the  mill-owners.  The  flowage  could  not  be  increased 
it  is  said,  without  a  large  expense  in  raising  the  Pittsfield  and  Korth  Adams  railroad  track,  which  is  close  at  hand! 
The  manufacturing  on  this  branch  is  mainly  at  South  Adams,  and  some  data  concerning  the  various  privileges  in 
use  will  be  found  in  the  accompanying  table.  Above  Adams'  mill,  the  uppermost  mentioned,  there  is  reported  to 
be  a  tannery,  in  Cheshire,  but  probably  no  other  powers  are  in  use,  at  least  none  of  importance.  At  South  Adams 
all  the  principal  mills  rely  upon  steam -more  or  less  of  the  year  for  auxiliary  power. 

Principal  water-privileges  on  the  South  branch  of  the  Hoosac  river  {in  order  passing  down  stream). 


Firm. 


South  Adams  and  vicinity. 

S.  S.  Adams 

H.S.Millard 

B.  F.  Phillipa  &  Son 


Adama Brothera  &Co 

Renfrew  Manufacturing  Company. 
Plunkett  &  Wheeler? 


Manufacture. 


'L.  L.  Brown  Paper  Company. 
Do 


^Renfrew  Manufacturing  Company. 

W.  C.  Plunkett  &  Sona 

■Renfrew  Manufacturing  Company. , 
Do 


Do. 


SortJi  Adams. 

M.  D.  &  A.  W,  Hodge 

Johnson  Munufactuiing  Company . 

'  380 


Cotton  goods 

do 

Fancy  cassimerea  and  ladies' 
dresa  goods. 

Cotton  wai-pa 

do 

Cotton  warps 


First-claes  ledger  papers. 
do 


Cotton  warps . 

,-      .do 

Ginghams 


Cotton  warps . 


FaU. 


5-run  grist-mill . 
Ginghama 


Feet. 
16 
19 
13 

16 

13 

10-20 

Hi 
11-13 

7 
15 
15 
18 


10 
•16 


Horse- 
power of 
wheels. 


110 

■  75-80 

02 

80 

70 

125  ± 

100 
144 


130  ± 

145 

290 

40-60 


60 
195 


Remarks. 


Owns  32  feet  of  faU,  but  uses  only  16.    Runs  5,000  spindles. 
5,200  spindles. 

7  sets  of  machinery.    Can  ran  at  full  capacity  by  water-power 
not  over  eight  months  in  the  year.       "       '    ■>  »'""'" 

3,600  spindles. 
8,196  spindles. 
3,500  spindles. 

The  miUs  together  produce  7, 340  pounds  of  paper  per  day  and 
give  employment  to  about  175  hands.    At  the  lower  mill 

irT,i'','l?f*T*'^}'*'*'^  supplied  from  the  same  level,  under 
,     11  and  13  feet  fall,  respectively. 

2,500  spindles. 
4,320  spindles. 

Can  run  wheels  at  full  capacity  not  over  two  months  in  thn 

year.    Splendid  mill,  with  1,000  looms  and  16,876  spindlea 
1,200  apindlea. 


300  looma ;  9,000  spindlea. 
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FISH  CREEK. 

The  printiipal  source  of  this  stream  is  iu  Saratoga  lake,  whence  it  flows  with  an  indirect  easterly  course,  about 
8J  miles  in  length,  to  the  Hudson  river,  which  it  joins  at  Schuylerville.  Through  Kayaderosseras  creek,  the  chief 
tributary  of  the  lake,  the  drainage  area  of  the  maiu  stream  is  extended  over  the  whole  of  central  Saratoga  county, 
and  at  the  junction  with  the  Hudson  includes  l.'53  square  miles.  Though  often  described  as  of  larger  dimensions, 
Saratoga  lake  is  represented  on  French's  map  of  New  York  state  as  1§  mile  wide  in  the  broadest  part,  and  as 
having  a  length  of  4|  miles  in  the  main  portion,  increased  by  a  narrow  arm  to  about  6J  miles;  the  area  thus  covered 
is  5.6  square  miles.  The  country  about  the  lake  is  flat  or  gently  rolling,  and  toward  the  outlet  is  low  and  marshy. 
The  uppermost  dam  on  the  outlet  is  at  Grangerville,  distant  4J  or  5  miles  from  the  extreme  terminus  of  the  lake, 
and  so  far  removed  from  the  latter  that  it  is  said  to  have  uo  influence,  of  importance  at  least,  upon  the  storage. 
The  lake  rises  in  spring,  and  then  gradually  falls,  through  the  natural  drainage  of  the  outlet,  and  at  times  there  is 
scarcely  any  water  running  in  Fish  creek.  The  fall  is  slight  in  the  latter  till  it  reaches  Victory  Mills,  a  mile  and 
a  half  or  more  from  the  mouth,  but  below  that  point  there  is  quite  a  rapid  descent,  which  is  pretty  thoroughly 
utilized  for  power.  In  this  part  of  its  course  the  banks  are  much  of  the  way  bold  and  steep,  and  both  they  and 
the  bed  are  composed  of  slate  and  shale  dipping  to  the  southeast.  In  its  lower  course  the  creek  averages  from  60 
to  75  feet  in  width.  It  carries  some  anchor-ice  in  winter,  but  seldom  freezes  over.  The  lake  holds  back  freshet 
water,  so  that  little  inconvenience  is  occasioned  from  that  source,  but  some  trouble  is  at  times  suffered  at  the  lowest 
privilege  from  backwater,  due  to  freshets  in  the  Hudson.  In  April,  1869,  there  is  said  to  have  been  an  unusually 
heavy  freshet  both  in  Fish  creek  and  in  the  Hudson,  the  former  rising  above  its  banks  at  Schuylerville  and  well 
up  into  some  of  the  mills. 

The  first  privilege  above  the  mouth  is  at  the  village  of  Schuylerville,  and  is  owned  by  Messrs.  D.  A.  BulJard 
&  Sons,  with  the  exception  of  a  small  power  belonging  to  Craw  &  Dennis,  utilized  in  a  foundery  and  machine-shop. 
The  dam  is  of  stone  in  cement,  from  130  to  140  feet  long,  with  a  vertical  face  from  7  to  9  feet  high,  the  back  slope 
being  planked  over;  it  rests  upon  rock,  and  presents  an  angle  up  stream.  The  race  is  open  for  25  feet,  and  then 
passes  underground  the  rest  of  the  way  to  the  mills.  The  fall  obtained  ranges,  according  to  position  on  the  race,  from 
14  to  18  or  20  feet.  The  principal  use  of  power  is  by  the  Messrs.  Bullard  in  the  manufacture  of  writing-  and  printing- 
papers  and  card-board,  their  production  amounting  to  4  tons  per  day.  Besides  the  works  already  noticed  there  are 
also  operated  on  this  privilege  a  5-run  grist-mill  and  a  small  sash  and  blind  shop.  Altogether  about  370  horse-power 
of  wheels  is  in  use.  For  one  or  two  months  in  the  year  there  is  a  scarcity  of  water,  but  the  paper-mill  has  steam 
for  auxiliary  power,  and  has  never  been  forced  to  shut  down  from  low  water  for  more  than  a  few  hours  at  a  time. 

Close  by,  the  Bullards  own  a  privilege  on  the  Champlain  canal,  utilized  by  a  saw-mill,  and  which  is  of  interest 
as  having  once  been  owned,  and  the  saw-mill  run,  by  General  Schuyler,  whose  former  residence  is  yet  standing  on 
the  opposite  bank  of  the  creek. 

Below  the  paper-mill  tail-race  there  is  a  fall  of  about  3  feet  to  the  Champlain  canal  aqueduct,  which  will  be 
made  available  at  the  mill  by  dredging  the  channel.  There  is  also  said  to  be  a  further  fall,  in  an  ordinary  stage,, 
of  some  4  feet  down  to  the  mouth  of  the  creek. 

Above  the  Bullard  privilege  the  greater  part  of  the  land  along  the  creek  and  all  the  utilized  powers  are  owned 
by  the  Saratoga  Victory  Manufacturing  Company.  This  company  has  two  mills — the  Horicon  mill,  at  Schuylerville, 
with  10,060  spindles  and  264  looms,  and  the  Victory  mill,  about  a  mile  above,  with  29,000  spindles  and  611  looms. 
The  manufacture  comprises  silesias,  cambrics,  bleached  goods,  and  wigans,  and  amounts  to  about  6,000,000  yards 
per  year.  Steam  is  used  for  auxiliary  power,  there  being  a  greater  or  less  shortage  of  water  during  three  or  four 
months  of  the  year,  and  at  times  it  is  said  that  there  is  hardly  enough  water  for  turning  the  shafting  in  the  mills.  The 
Horicon  privilege  immediately  succeeds  that  owned  by  the  Bullards,  and  includes  24  feet  fall.  The  dam  is  a  straight 
timber  structure  resting  upon  and  abutting  against  solid  rock.  It  is  19  feet  high,  the  face  nearly  vertical.  The 
race  leads  underground  perhaps  300  feet  to  the  mill,  where  power  is  taken  from  a  160  horse-power  wheel. 

At  Victory  Mills  the  dam  is  also  of  timber,  rests  upon  a  ledge,  and  is  about  140  feet  long  and  8  feet  high. 
Water  is  conveyed  in  a  race  500  feet,  more  or  less,  and  operates  an  800  horse-power  Holyoke  wheel,  running  under 
a  head  of  40  feet.  Only  about  600  horse-power,  however,  is  actually  in  use.  The  wheel-pit  is  sunk  30  feet  inta^ 
solid  rock.  The  tail-race  extends  thence  170  feet  through  a  tunnel  13  feet  wide  and  7  feet  high,  and  then  500  or 
600  feet  farther  in  an  open  channel. 

Above  Victory  Mills  the  stream  is  quite  flat,  with  no  dam  except  at  Grangerville,  where  about  14  feet  fall  is 
owned  by  the  Victory  company  and  utilized  by  a  saw-  and  gristmill.  Both  above  and  below  Grangerville  there 
are  occasional  rifts  where  the  water  is  shallow;  and  in  order  to  drain  as  thoroughly  as  possible  the  pools  or  deep 
stretches  above  them,  the  Victory  company  has  run  canals  around  the  rifts,  and  by  means  of  head-gates  controls 
the  flow. 

THE   BATTEN   KILL,  (a) 

This  is  one  of  the  best  mill-streams  tributary  to  the  Hudson.  Its  sources  are  in  the  southwestern  part  of 
Vermont,  in  the  towns  of  Peru,  Dorset,  and  Winhall,  Bennington  county.    At  first  the  stream  runs  southwesterly, 


a  Kill  (Dutch  Ml)  is  tlie  equivalent  for  "river"  or  "stEeam". 
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but  it  then  strikes  more  to  the  westward,  and  with  a  very  irregular  course  crosses  Washington  county,  New  York, 
entering  the  Hudson  a  mile  above  Schuylerville.  It  has  a  length  from  source  to  mouth,  by  general  course,  of 
about  45  miles,  and  a  drainage  basin  of  457  square  miles.  This  basin  lies  on  the  western  slope's  of  the  Green 
mountains,  and  in  Washington  county  is  crossed  by  three  minor  ranges  running  northeast  and  southwest— the 
■Cossayuna  range,  the  most  westerly,  passing  through  the  towns  of  Easton,  Greenwich,  and  Argyle;  while  to  the 
east  are  met,  successively,  continuations  of  the  Petersburg  mountains  and  Taghkanick  range,  of  Eensselaer 
county.  These  ranges  have  steep  slopes,  are  composed  of  slate  rock,  which  frequently  crops  out  and  is  largely 
quarried,  and  the  disintegration  of  which  has  given  the  highlands  a  very  fertile  soil.  In  the  easfern  part  of  the 
county  the  highest  summits  reach  altitudes  of  from  1,000  to  1,200  feet  above  tide.  The  agricultural  productions  of 
this  section  comprise  rye,  spring  wheat,  oats,  buckwheat,  corn,  peas,  beans^  flax,  and  potatoes.  Stock-raising, 
dairying,  and  wool-growing  are  prominent  industries. 

As  might  be  expected  from  the  nature  of  the  country  drained,  the  Batten  kill  is  subject  to  quite  heavy  freshets 
and  runs  of  ice,  but  its  current  is  rapid  and  high  water  quickly  subsides.  It  is  very  largely  fed  by  springs,  so  that 
the  dry-season  flow  is  well  sustained.  It  is  a  common  opinion  that  the  flow  might  still  further  be  improved  by 
storage  reservoirs,  to  which  the  upper  waters  of  the  main  river  and  its  tributaries  are  thought  to  be  favorable. 
In  particular  there  are  mentioned  two  large  ponds  the  waters  of  which  reach  the  river  1^  or  2  miles  above 
Battenville  through  Cossayuna  creek.  The  principal  one  of  these  is  known  as  Cossayuna  lake,  and  is  nearly  3 
miles  long,  and  over  half  a  mile  wide  in  the  broadest  .part.  It  lies  on  the  boundary  between  Greenwich  and  Argyle 
towns,  and  above  there  is  another  of  good  size,  called  Gifford's  pond,  the  two  being  connected  on  nearly  or  quite 
the  same  level.    There  is  a  small  mill  at  the  outlet  of  Cossayuna  lake,  and  it  is  stated  that  the  dam  at  that  point 

.  can  be  raised  several  feet,  thus  giving  a  splendid  storage  above.  The  tributary  drainage  area  at  the  outlet  of 
Cossayuna  lake  is  approximately  9  square  miles,  and  the  average  annual  rainfall  on  this  area  is  about  38  inches. 

The  immediate  course  of  the  river  is  through  a  fertile  and  well-settled  valley,  with  numerous  small  villages,  of 
which  the  most  important  is  Greenwich,  having  1,200  inhabitants.  Eailroad  facilities  are  somewhat  deficient,  the 
lines  which  reach  this  section  running  at  right  angles  to  the  general  course  of  the  stream  in  its  most  important 
poriion.  The  upper  river,  however,  above  the  village  of  Arlington,  Vermont,  is  followed  to  the  head  by  the 
Bennington  and  Eutland  railroad,  and  the  Eutland  branch  of  the  Delaware  and  Hudson  Canal  Company's  railroad 
follows  the  middle  course  for  about  4  miles.    From  Greenwich,  on  the  lower  river,  a  short  line  runs  southerly, 

,  connecting  with  the  Hoosac  Tunnel  route  for  points  east  and  west. 

According  to  the  Delaware  and  Hudson  Canal  Company's  profiles,  the  water-surface  of  the  river,  at  the  crossing 
a  little  south  of  Shushan,  is  432  feet  above  mean-tide  at  Albany,  or  about  437  feet  above  mean  ocean-level.  Judging 
from  the  best  data  to  be  obtained,  the  elevation  at  the  mouth  of  the  river  may  be  placed  at  about  82  feet  above  mean 

.  ocean-level,  though  this  amount  is  liable  to  be  slightly  in  error.  There  is,  then,  a  descent  of  about  355  feet  in  the 
intervening  distance  of  22  miles,  or  an  average  of  say  16  feet  per  mile.  Very  nearly,  and  perhaps  quite,  one-half  of 
this,  however,  is  concentrated  within  the  last  4  or  5  miles  of  the  river's  course,  and  since  the  volume  is  there  the 
greatest  the  value  of  the  Batten  kill  for  power  is  greatly  enhanced  by  the  fact. 

The  first  water  privilege  met  in  ascending  the  stream  is  but  a  short  distance  above  the  mouth,  at  a  place  locally 
known  as  Clark's  Mills.  The  river  there  runs  between  banks  and  over  a  bed  of  black  slate  rock,  is  about  260  feet 
wide,  shallow,  and  contains  rapids  with  moderate  fall  for  800  or  1,000  feet  below  the  dam.  The  privilege  is  owned  by 
Hiram  Clark,  and  is  utilized  on  the  north  bank  in  the  manufacture  of  sashes,  doors,  and  blinds,  a  saw-mill  and  plaster- 
mill  also  being  run  in  connection  with  the  other  works.  A  log  dam,  9  feet  high,  runs  across  to  a  ledge  on  the  south 
bank.  The  fall  obtained  at  the  mills  is  10  feet.  There  is  at  times  a  little  scarcity  of  water,  but  it  is  due  to  the  very 
leaky  condition  of  the  dam,  and  even  in  its  i)reseut  condition  the  proprietor  counts  upon  100  horse-power  in  the 
very  lowest  stage  of  the  river.  Once  in  three  or  four  years  some  hinderance  is  experienced  for  perhaps  a  week,  due  to 
backwater  from  the  Hudson.  In  the  spring  break-up  gorges  form  at  the  head  of  the  pond,  and  when  they  go  out 
cause  a  very  heavy  run  of  ice. 

Clark's  pond  sets  back  not  over  half  a  mile,  and  is  succeeded  by  rapids  on  to  the  foot  of  the  "  Big  falls"-  The 
immediate  course  of  the  stream  is  bordered  by  narrow  meadows,  from  which  there  is  a  moderately  steep  rise  of 
possibly  100  feet  to  the  general  level  of  the  surrounding  country,  below  which  the  valley  is  depressed.  For  a  part, 
at  least,  of  this  intervening  distance  the  adjacent  laud  is  included  in  the  estate  of  Barant  B.  Lansing. 

Next  in  order  comes  the  power  at  the  "Big  falls",  the  Indian  name  of  which  was  Dionondahowa.  When 
visited,  the  privilege  was  being  developed  by  its  owner,  Mr.  W.  N.  Sprague,  of  Middle  Falls,  and  a  splendid 
power  had  easily  and  with  remarkable  cheapness  been  obtained.  The  locality  is  about  2J  miles  by  direct 
course  from  either  Schuylerville  or  Greenwich.     A  bridge  is  contemplated  near  the  dam,  which  will  give  a 

.  direct  and  convenient  route  to  Schuylerville,  and  it  is  claimed  that  a  railroad  can,  and  probably  will,  be  run 
here  from  Greenwich.  At  the  former  of  these  points  the  Champlain  canal  will  be  reached,  and  at  either  one 
connection  can  be  obtained  with  the  Boston,  Hoosac  Tunnel,  and  Western  railroad.  Below  the  head  of  the  falls  the 
stream  rapidly  cuts  its  way  down  into  the  slate  rock,  the  strata  of  which  are  almost  vertical,  and  forms  a  deep 
gorge  with  precipitous  sides.    It  descends  into  a  quiet  pool,  and  then  continues  on  through  the  gorge  with  moderate 
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fall.  At  th«  bead  of  the  falls,  where  the  dam  is  located,  the  stream  runs  north,  the  west  bank  is  high  and  rocky, 
Avhile  the  east  is  gently  sloping  and  succeeded  by  fine  open  ground,  which  also  extends  down  some  distance  and 
affords  good  building- sites.  The  dam  abuts  at  the  west  end  against  the  rocky  bank,  and  at  the  east  end  has  a 
masonry  abutment  14  feet  long,  from  4  to  6  feet  wide,  and  rising  4  feet  above  the  crest.  In  construction  the  dani  is 
a  log  crib- work  filled  in  with  stone  and  pinned  down  to  the  solid  ledge  rock  on  which  it  is  built.  The  roll  way  or 
overflow  is  265  feet  long,  and  ranges  in  height  from  7  to  12  feet,  according  to  the  contour  of  the  rock.  It  was 
built  with  2.J  base  to  1  vertical,  so  that  where  of  the  full  height  of  12  feet  the  width  at  base  is  about  30  feet.  The 
bulkhead  is  of  timber,  and  has  a  length,  transversely  to  the  curretit,  of  25  feet.  From  it  a  canal  runs  down  the 
east  bank,  2,800  feet  long,  25  feet  wide,  and  7  or  8  feet  deep.  It  is  partly  in  rock  excavation,  and  in  its  course 
enters  a  natural  depression,  where  it  is  to  be  diked  on  either  side. 

The  entire  descent  from  the  crest  of  the  dam  to  the  pool  below  the  falls  is  106  feet,  which  is.  to  be  used  in  five 

successive  falls  of  13,  18,  20,  25,  and  30  feet,  respectively.     The  Ondawa  Paper  Company  has  purchased  the  lower 

fall  of  30  feet  and  erected  a  mill  210  by  60  feet  in  size,  for  the  manufacture  of  manila  paper,  with  a  capacity  of  4 

I  tons  per  day.     The  mill  has  been  built  directly  on  the  brink  of  the  river-bank,  which  is  here  high  and  very  'steep. 

■  The  entire  30  feet  is  nsed  in  one  fall.    Water  enters  two  upright  wooden  pen-stocks,  cylindrical  in  shape,  measuring 

■9  feet  in  outside  diameter.     The  bottoms  are  of  oak  and  the  sides  of  3- inch  chestnut.     On  the  outside  are  hoops  of 

round  iron,  increasing  in  diameter  from  three  quarters  of  an  inch  at  the  top  of  the  cylinders  to  1  inch  at  the  bottom, 

and  decreasing  in  distance  apart  similarly  from  2  feet  to  3  inches.    The  planks  composing  the  sides  are  in  four 

lunequal  lengths,  breaking  joints.     In  order  to  secure  tight  joints,  the  ends  of  the  planks  are  sawed  into,  a  little 

way,  and  pieces  of  hoop  iron  inserted. 

In  November,  1882,  the  work  on  the  race  was  well  advanced.  There  was  a  small  sawmill  at  the  dam,  and  that, 
-with  the  paper-mill,  were  the  only  buildings  which  had  been  erected.  Mr.  Sprague  owns  133  acres  of  land  here, 
.and  is  prepared  to  lease,  or  otherwise  dispose  of,  to  manufacturers,  sites  and  powfer  to  the  full  capacity  of  the 
privilege,  excepting,  of  course,  the  30  feet  fall  already  sold  to  the  paper  company. 

Estimate  of  power  available  at  the  ''■BigfalW^  on  the  Batten  hill. 


stage  of  river. 


jLow  water,  dry  year 

■.Low  water,  averace  year 

.Available  10  months,  average  year  - 
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Year. 
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Flow 
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THEORKTICAL   H0ESE-1>0WER. 


13  feet- 

18  feet. 

20  feet, 

25  feet. 

30  feet, 

76  feet. 

1  foot 

upper 

fall,  not 

second 

third 

fourth 

fifth 

total 

faU.(a) 

fall,  not 

fall,  not 

faU,  not 

fall, 

fall  not 

used. 

nsed. 

used. 

nsed.  . 

used. 

used. 

20.45 

270 

370 

410 

310 

610 

1,560 

22.72 

300 

410 

450 

570 

680 

1,730 

31.81 

410 

570 

640 

800 

950 

2,420 

106  feet, 
total 
fall  on 

5riv- 
ege. 


2,170 
2,410 
3,370 


a  Mr.  Sprague,  the  owner  of  the  privilege,  estimates  30  effective  horse-power  ppr  foot  of  fall  available  twenty-four  hours  in  the  day,  eleven  months  in  the  year, 
-or  twelve  hours  per  day  throughout  the  year. 

From  the  privilege  just  described  up  to  that  at  Middle  Falls  there  is  said  to  be  about  10  feet  of  fall  available 
for  power,  and  owned  by  Messrs.  David  C.  Fielding  and  Nathan  Tefft. 

At  Middle  Falls,  a  small  village,  the  river  again  descends  abruptly  over  ledges,  and  below  winds  through 
extensive  meadows.  Just  above  the  dam  the  width  between  banks  is  about  175  feet.  The  dam  itself  is  at  the 
head  of  the  falls  and  measures  135  feet  between  abutments,  and  varies  from  12  to  16  feet  in  height  above  foundation 5 
it  is  built  as  a  log  crib-work. 

The  total  fall  on  this  privilege  is  47  feet.  Mr.  W.  N.  Sprague  O'Wns  the  power  on  the  right  bank,  and  employs 
it  in  the  manufacture  of  wood-pulp  and  leather-board.  The  water  is  used  in  two  suecessive  falls,  being  first  carried 
,80  feet  from  the  dam  and  used  under  a  head  of  20  feet,  running  three  wheels  of  250  aggregate  horse-power.  It  is 
then  carried  60  feet  farther,  and  runs  a  150  horse-power  wheel,  acting  under  a  head  of  27  feet.  It  is  designed  so  to 
enlarge  the  works  as  to  employ  the  full  power  of  this  second  fall.  During  the  very  dry  summer  and  fall  of  1882, 
all  the  wheels  mentioned  could  be  run  at  full  capacity  twelve  hours  per  day,  and  twenty-four  hours  per  day 
except  on  eleven  days,  when  they  were  run  varying  periods  between  twelve  and  twenty-four  hours.  On  the  left 
bank  Cipley  &  Hegeman  have  a  5-run  flouring-  and  grist-mill,  a  plaster-  and  cement-mill,  and  a  small  saw-mill. 
They  use  a  fall  of  17  feet,  and  six  wheels  with  a  total  of  135  horsepower.  H.  E.  Richardson  rents  200  square 
inches  of  water  under  12  feet  head.  He  has  an  old  30-inch  Eich  wheel  of  perhaps  30  horse-power,  and  manufactures 
-cattle-hair  horse  and  army  blankets,  turning  out  about  6,000  pounds  per  month. 
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Estimate 

of  power 

at  Middle  Falls. 

stage  of  river. 

Drainage 
area. 

Flow 

per  second, 

average 

for  the  24 

'     hours. 

Theoretical  horse- 
power. 

Bffeotive 

horse- 
power of 
wheels  in 
use. 

Sq.  miles. 
j.         450 

Cubic  feet. 
C          180 

J          200 

i          280 

1  foot  fall. 
20.45 

22. 72  •• 

31.81 

4- feet  fall. 
960 

1,070 

1,600 

•  600-600 

ATailaWe  10  months,  average  jear 

The  Middle  Falls  dam  sets  back  the  river  for  about  a  mile  and  a  quarter ;  thence  to  the  lower  dam  at  Greenwich 
there  are  occasional  riffles,  but  no  fall  occurs  of  any  consequence.  In  the  vicinity  of  Greenwich  the  surrounding 
country  is  to  a  large  extent  very  flat,  though  in  places  diversified  by  hills.  The  village  is  a  fine  and  important  one, 
and  within  its  limits  the  Batten  kill  sustains  quite  a  manufacturing  interest,  being  utilized  in  three  falls. 

The  first  privilege  met  in  ascending  is  occupied  by  Dunbar,  McMaster,  &  Co.,  a  branch  hou^e,  of  which  the 
main  establishment  is  at  Guilford,  Ireland,  and  the  mills  are  known  as  the  Dunbarton  Flax  Mills.  The 
production  comprises  linen  threacds,  yarns,  and  fine  twines,  and  amounts  to  nearly  a  ton  per  day.  The  flax  used  is 
mostly  imported,  but  200,000  pounds  per  year  of  the  American  material  are  also  worked  up.  A  great  deal  of  flax  is 
raised  in  this  part  of  New  York  state,  notably  in  Washington  and  Eensselaer  counties.  The  dam  at  this  privilege 
is  a  log  and  stone  crib- work,  probably  200  feet  long  and  about  8  feet  high.  There  is  a  masonry  abutment  at  the 
north  end,  from  which  it  runs  diagonally  across  the  stream  to  a  rock  ledge.  It  has  a  sloping  timber  apron,  25  feet 
wide  halfway  across  and  about  half  that  width  the  rest  of  the  distance.  A  covered  timber  flume,  5  by  12  feet  in 
inside  dimensions,  conveys  water  to  the  wheel,  which  is  rated  at  about  130  horse-power  and  runs  under  a  head  of  llj 
feet.  The  water-power  is,  for  some  reason,  not  fully  utilized  here,  even  in  the  lowest  stage,  and  steam  is  constantly 
used  in  part  for  power.  The  ordinary  freshet  depth  on  the  dam  is  stated  as  not  far  from  3  feet.  Some  trouble  is 
experienced  from  backwater  due  to  freshets,  which  have  at  times  set  up  into  the  dye-house  of  the  mill;  and  also 
from  that  due  to  ice-gorges  in  the  river  below,  by  which  a  day's  stoppage  is  sometimes  forced. 

The  next  privilege  quickly  succeeds,  and  is  improved  by  a  framed  dam  built  on  a  rock  ledge.  This  dam  is 
200  feet  or  more  in  length,  about  9  feet  high,  and  was  built  10  or  12  years  ago  at  an  estimated  cost  of  $4,000.  The 
top,  for  40  inches  back  from  the  crest,  is  shod  with  J-inch  boiler-iron.  On  the  north  or  right  bank,  two-thirds  oi 
the  entire  flow  of  the  river,  less  228  square  inches  reserved,  is  owned  by  W.  M.  Palmer,  and  used  in  part  for  a 
6  run  grist-mill  and  a  small  saw-mill  under  a  fall  of  10  feet.  The  228  square  inches,  under  a  fall  of  10  feet,  is  stated 
to  be  owned  by  Gray  &  Mowry,  who  rent  the  power  for  a  small  batting-mill.  On  the  south  bank  the  remaining 
one-third  of  the  power  is  owned  by  W.  Eddy  &  Sons.  A  100  horse-power  wheel,  under  a  fall  of  12  feet,  supplies 
power  for  dressing  flax  and  for  a  small  shirt  factory. 

The  upper  privilege  is  improved  by  a  framed  dam  some  twenty  years  old;  this  is  5  or  6  feet  high,  rests  upon  a 
rock  ledge,  and  has  masonry  abutments.  Water  is  admitted  through  a  wooden  bulkhead  with  four  gates  to  the  race, 
and  passes  thence  a  short  distance  to  the  mills.  The  privilege  is  owned  by  Messrs.  Jesse  V.  &  William  B.  Palmer, 
who  use  part  of  the  power  in  the  manufacture  of  knit  underwear;  1,040  spindles  are  run  by  a  70  horse-power  wheel 
operating  under  a  fall  of  7^  feet.  Angell  &  Saffbrd  rent  800  square  inches  of  water  from  the  Palmers  for  the 
manufacture  of  brown  hanging-papers,  of  which  their  production  is  3,200  pounds  per  day.  They  have  7^  feet  of  fall 
and  a  60  horse-power  wheel. 

Above  Greenwich  village  there  are  occasional  riffles  up  to  Center  Falls.  There  the  river  descends  over  ledges, 
falling  about  25  feet  in  700  or  800  feet.  The  banks  are  rocky  and  rise  from  15  to  40  feet  above  the  stream.  The 
exposed  rock  is  a  slate,  dipping  about  45  degrees  to  the  westward.  At  the  head  of  the  falls  are  the  partial  remains 
of  an  old  log  dam,  from  whiCh  water  was  formerly  carried  down  the  right  bank  in  a  race  and  used  at  mills  that 
were  afterward  burned.  The  privilege  is  a  fine  one,  2  or  2  J  miles  above  Greenwich,  and  is  said  to  be  owned  by  Mr. 
Daniel  A.  Bullard,  of  Schuylerville.  The  fall  to  be  obtained  depends  upon  the  height  of  the  dam,  but  probably 
there  would  be  no  difficulty  in  realizing  30  feet. 


Estimate  of  power  at  Center  Falls. 


Stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year. 
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At  Battenville,  If  mile  above,  there  is  a  very  old  log  dam,  ponding  the  water  for  about  a  mile  up  stream.  It 
rests  partly  on  rock,  partly  on  quicksand,  and  is  irregular  iu  shape,  with  a  sloping  plank  apron  and  a  supplementary 
embankment  at  each  end.  The  fall  on  the  privilege  is  9  feet.  The  available  supply  of  water  is  put  nominally  at 
1,400  square  inches,  of  which  one  sixth  is  owned  by  W.  D.  McLean,  one-third  by  Nicholas  Miller,  and  one-half  by 
Mowry  &  Hobbie,  who  use  the  power,  respectively,  for  a  sawmill,  a  4-run  gristmill,  and  a  straw  wrapping-paper  mill 
with  a  production  of  2i  tons  per  day. 

A  mile  and  a  half  above  Battenville,  Cossayuna  creek  joins  the  main  stream  from  the  north.  From  Center 
Falls  to  Battenville  the  immediate  valloy  is  rather  narrow,  but  thence  up  to  East  Greenwich,  about  3  miles,  the 
hills  recede  and  the  stream  is  bordered  by  meadows,  which  are  much  of  the  way  very  extensive.  At  East 
Greenwich  the  Batten  kill  is  from  70  to  80  feet  wide.  The  dam  at  that  place  is  an  old  structure,  about,  210  feet 
long  and  7  feet  high,  resting  part  of  the  way  on  rock  and  the  remainder  on  loam  and  clay.  The  head  realized  is  7 
or  7J  feet.  On  the  south  bank  W.  &  A.  Walker  employ  20  hands  and  a  40  horse-power  wheel  in  the  manufacture 
of  army  blankets,  and  a  small  power  is  also  used  in  a  sash  and  blind  shop.  On  the  north  bank  there  are  a  sawmill 
and  a  4-run  grist-mill. 

Just  above  East  Greenwich,  Black  creek,  quite  an  important  tributary,  empties  from  the  north.  The  next  use 
of  power  is  at  Baxterville,  where  the  Vermont  Marble  Company  employs  7  feet  fall  in  sawing  marble,  which  is 
brought  there  55  miles  by  rail  from  West  Eutland.  An  average  of  75  saws  is  run,  and  about  30,000  cubic  feet  of 
marble  are  annually  sawed.  The  dam  is  a  log  and  stone  crib- work,  with  a  sloping  apron,  is  7  feet  high  and  perhaps 
150  feet  long.    The  pond  is  said  to  extend  about  a  mile  up  stream. 

At  Sbushan,  about  21  miles  by  river  from  the  mouth,  there  is  a  log  and  stone  crib-work  dam,  which  was 
partially  carried  away  some  15  years  ago,  and  which  affords  a  head  of  7  feet.  The  establishments  using  power 
are  small,  and  comprise  a  foundery,  a  saw-mill,  a  5  run  grist-mill,  a  1-set  woolen-mill  for  the  manufacture  of 
cassimeres  and  flannels,  and  a  shirt  factory.  In  low  stages  the  supply  of  water  is  insufficient  for  the  needs  of 
these  works,  although  the  night-flow  of  the  stream  can  then  be  ponded. 

Above  Shushan  the  Batten  kill  is  described  as  having  only  moderate  fall,  and  as  running  for  a  considerable 
distance  through  meadows,  which  it  overflows  in  freshets.  Powers  are  said  to  be  in  use  all  the  way  up  toward  the 
head,  but  they  are  of  small  size.  Quite  a  large  amount  of  timber  used  to  be  floated  down  the  stream,  and  some  is 
still  driven  to  the  mills  which  have  been  noticed,  mainly  spruce  and  hemlock.  The  drainage  area  above  Shushan 
is  240  square  miles. 

Summary  of  the  principal  water-privileges  on  the  Batten  kill  beloic  Shushan. 


Locality. 


Shushan 

Baxterville 

East  G-reen"wich. 
Batten  ville 


Center  Falls. 


Greenwich  . 


Do. 


Do 

°  Middle  Falls  . 


From  Middle  Falls  to  the 
Big  falls. 

Big  falls 


From   the   Big  falls  to 
Clark's  Mills. 

Clark's  Mills 


Approxi. 

mate 
distance 

from 
month,  (a) 


Milea. 
21 


13i 


61 


Drainage 
area. 


Sq.  miles. 
240  ' 


410 


418 


438 


450 


454 


Manufacture,  or  kind  of  mill. 


Fall. 


Foundery,  saw-mill,  S-run  grist-mill, 
l-set  woolen  mill,  and  shirt,  fac- 
tory. 

Power  used  by  the  Venuont  Marble 
Company  for  sawing  marble. 

Power  used  in  saw-mill,  grist-mill, 
sash  and  blind  shop,  and  in  the 
manufacture  of  army  blankets. 

Power  used  in  saw-mill,  grist-mill, 
and  paper-mill. 

Wot  utilized 


Feet. 
7 


7-7J 


Knit  underwear  and   hanging-pa- 
per. 


30  ± 


7i 


Power  used  in  grist  mill,  saw-mill,    10-12 
batting-mill,  shirt  factory,  and  for  j 
dressing  fla.x. 


Linen  threads,  yarns,  and  twines  . 

Wood-pulp,  leather-board,  and  cat- 
tle-hair blankets;  power  also  used 
in  saw-raiJl,  plaster-  and  cement- 
mill,  and  flour-  and  grist-mill. 

Not  utilized    


114 

47 


Recently  developed,  and  but  par- 
tially utilized  as  yet. 

Not  utilized     

Powerusedin^ash-.  door-,  andblind- 
shop,  saw-  and  plaster-mill. 


(b) 


THEORETICAL  H0K8E-P0WER. 


Low 

water, 

dry 

year. 


550  ± 


Low 

water, 

average 

year. 


610± 


200  d 

2,170 

C20.45 


1,070 

230  ± 
2,410 
C22.12 


Avail- 
able 10 
months, 
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year. 


Horse- 

/ lower 
wheels 
in  use. 


(?) 


175  ± 


890  ± 


320  ± 
3,370 
cSI.Sl 


(?) 


500-600 


(?) 


Bemarks. 


Shortage  of  water  in  low  stages, 
though  the  night-flow  can 
then  be  ponded. 

75  saws  run,  and  about  30,000 
cubic  feet  of  marble  sawed 
yearly. 

20  hands  employed  in  the  blan- 
ket-mill. 

The  paper-mill  manufactures 
straw  wrapping-paper ;  pro- 
duction, 2J  tons  per  day. 

Fine  privilege;  natural  fall  of 
25  feet  in  700  or  800  feet; 
rocky  bed  and  banks. 

1,040  spindles  in  knitting-mill. 
Production  of  paper-mill, 
3,200  pounds  per  day. 

Dam  200  feet  or  more  long,  9 
feet  high,  built  10  or  12  years 
ago,  and  cost  say  $4,000. 

Production  nearly  aton  per  day. 


Said  to  bo  owned    by  D    C. 
Fielding  and  Nathan  Tefft. 


See  description. 


Occasional  trouble  from  Hud- 
son river  backwater  and  from 
ice-gorges. 


a  By  river. 

1012  w  P— VOL  IG 25 


6  Moderate  amount. 


c  Per  foot  of  fall. 
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THE   SAOONDA&A  KIVEE. 


This  river,  whicli  ranks  second  below  the  Mohawk  among  the  tributaries  of  the  Hudson,  in  extent  of  area- 
drained,  is  made  up  by  three  principal  branches,  which  unite  in  the  southeastern  part  of  Hamilton  county.  The  East 
branch  has  its  source  in  the  town  of  Johnsburg,  Warren  county,  whence  it  runs  to  the  southwest;  the  Middle 
branch  receives  the  waters  of  Bound  lalte  and  lake  Pleasant,  and  then  takes  a  curving  course,  about  10  miles  in 
length,  to  the  East  branch ;  the  West  branch  flows  easterly  from  Piseco  lake,  and  joins  the  united  waters  of  the 
other  two  branches  in  the  southern  ijart  of  the  town  of  Wells.  From  this  point  the  main  river  passes  to  the 
southeast  through  about  16  miles  of  general  course,  crossing  the  adjacent  corner  of  Pulton  county,  then  turns 
suddenly  to  the  northeastward  into  Saratoga  county,  and  gradually  curving  around  to  the  eastward  empties  into 
the  Hudson  at  the  village  of  Hadley.  In  the  abrupt  change  of  course  which  this  river  makes  on  the  border  between 
Fulton  and  Saratoga  counties  it  presents  a  remarkable  similarity  to  the  upper  Hudson,  which  has  a  corresponding 
sharp  bend  18  or  20  miles  to  the  eastward.  From  the  mouth  of  the  West  branch  the  distance  by  river  to  the 
Hudson  is  by  map  measurement  40  miles. 

The  water-shed  lines  of  the  Sacondaga  embrace  an  area  of  1 ,028  square  miles,  nearly  all  of  which  is  a  mountainous 
country,  traversed  by  various  minor  ranges  which  go  to  make  up  a  part  of  the  elevated  Adirondack  region  of 
northern  New  York.  The  rocks  are  of  primitive  formation,  and  consist  largely  of  gneiss.  The  soil  is  a  light  sandy 
loam,  and  elsewhere  than  in  the  valleys  apparently  has  little  value  for  agriculture.  The  entire  district  was  once 
heavily  clothed  with  timber,  the  most  accessible  portions  of  which  have  now  been  cut  away;  and  though  the  amount 
standing  is  still  of  much  importance,  and  the  Sacondaga  is  claimed  to  outrank  the  upper  Hudson  in  the  number  of 
logs  driven  down  its  course,  the  lumbermen  have  been  forced  farther  and  farther  into  the  mountains,  until  now  their 
operations  are  mainly  in  the  region  about  lake  Piseco.  Settlement  is  sparse  throughout  the  basin  of  this  river,  and 
especially  so  above  Fulton  county.  The  most  populous  township  along  the  whole  stream,  Northampton,  has  but 
2,100  inhabitants,  and  the  largest  village,  Northville,  800.  To  this  latter  point  a  railroad  extends  from  Fonda, 
on  the  line  of  the  New  York  Central  railroad,  but  nowhere  else  above  its  mouth  is  the  stream  directly  accessible 
by  rail. 

From  elevations  {a)  obtained  in  surveys  by  A.  F.  Edwards,  chief  engineer  of  the  proposed  Sackett's  Harbor  and 
Saratoga  railroad,  it  appears  that  lake  Pleasant  has  an  altitude  of  1,706,  and  Piseco  lake  of  1,648  feet  above  tide. 
Other  elevations,  from  the  same  source,  on  the  East  branch  and  main  Sacondaga  are  given  in  the  following  table : 

Table  showing  the  fall  in  the  Sacondaga  river. 


Locality. 


East  brancli  at  Bumam's  pond,  Crllman  . 

East  brancli  at  head  of  High  falls 

East  branch  at  foot  of  High  falls 

East  branch  at  Copeland's  mill-pond 

East  branch  at  tannery  mill  pond 

Main  river  at  forlts,  Wells 

Main  river  at  Hope  center 

Main  river  at  tannery,  Northville 

Main  river  at  bridge,  HuntsviUe  

Main  river  above  dam  at  Coiiklingville  . 
Main  river  at  mouth 


Approxi- 
mate 

distance 
above 
mouth. 


Miles. 


40.0 
34.8 
28.7 
12.9 
5.0 
0.0 


Elevation 
above 
tide. 


Feet. 
1,706 

1,337 

1,205 

1,042 

958 

902 

763 

732 

697 

697 

536 


Distance 
between 
points. 


Miles. 


\ 


5.2 
6.1 

23.1 

5.0 


Fall 
between 
points. 


Feet. 


132 
163 
84 
56 
139 
31 

35 

.161 


Fall 
per  mile 
between 
points. 


Feet. 


26.7 
5.1 

1.5 

28.7 


So  far  as  rapid  fall  and  large  volume  are  concerned,  it  is  evident  that  the  last  5  or  6  miles  of  the  river's 
course,  from  Gonklingville  to  the  mouth,  is  the  most  valuable  for  power;  in  that  distance  there  is  a  descent  as 
shown  by  the  table,  of  161  feet,  which  is  accomplished  quite  uniformly,  in  rapids.  About  39  feet  of  this  fall  is 
already  utilized  in  three  privileges,  but  the  remainder  is  unimproved.  Although  it  is,  doubtless,  perfectly  practicable 
to  develop  nearly  or  quite  all  of  the  remaining  fall,  there  are  certain  disadvantages  to  be  encountered.  In  the 
first  place,  the  compo.sition  of  the  river-bed  and  l)anks  is  variable,  uncertain,  and  often  unfavorable  to  the  security 
of  hydraulic  works.  For  a  mile  above  the  mouth,  the  banks,  while  of  good  height,  are  largely  composed  of  sand 
with  loose  bowlders  intermingled;  and  generally  through  the  valley  below  Gonklingville  so  far  as  there  was 
opportunity  to  examine,  the  surface  materials  in  the  vicinity  of  the  stream  were  found  to  be  very  variable.  The  bed 
of  the  river  is  usually  covered  with  gravel  and  bowlders,  but  instead  of  these  being  underlaid  by  solid  rock  there  is 
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frequently  found  beneath  a  deep  deposit  of  sand,  with  possibly  some  clay.  Both  the  dams  below  Conklingvillo  have 
been  repeatedly  carried  out,  and  at  the  site  of  the  lower  one  a  hole  30  icct  deep  was  in  one  instance  scoured  in  the  river 
bed.  At  the  privilege  occupied  by  the  New  York  Pulp  Company,  perhaps  1^  mile  or  2  miles  from  the  mouth,  clay  is 
found  in  the  tail-race,  gravel  and  hard-pan  occur  near  by  in  the  bank,  wliile  bowlders,  and  gravel  of  all  grades  in 
fineness,  form  the  surface  of  the  river-bed,  below  which  there  is  supposed  to  be  mainly  sand,  a  material  that  is  also 
very  common  in  the  banks  in  that  vicinity. 

The  Sacondaga  contains  a  great  deal  of  anchor-ice  at  the  begiuuing  of  winter,  and  throughout  the  season  if 
it  be  an  open  one,  and  is  also  visited  by  heavy  ice-runs,  although  the  cakes  are  commonly  well  broken  up  against 
the  bridge-piers  at  (Jouklingville  and  in  going  over  the  successive  dams  there  and  below.  Sudden  and  violent 
freshets  occur,  and  considerable  trouble  is  encountered  from  floating  logs.  These  are  not  allowed  to  pass  down 
when  the  stream  is  at  its  highest,  as  many  of  them  would  then  be  lodged  upon  the  banks;  but  they  are  sent  down 
when  the  river,  though  high,  is  well  within  its  banks,  and  at  the  stage  of  water  when  they  rake  the  dams  the  worst. 

Assuming  as  correct  the  figures  that  have  been  given  for  the  fall  in  the  lower  river,  in  the  absence  &i  any 
recorded  gaugings  the  volume  and  corresponding  power  of  that  section  may  be  estimated  as  below : 


Estimated  power  of  the  Sacondaga  river  from  the  crest  of  the  ConTcUngville  dam  to  the  mouth. 


RAINFALL  ON  BABIN.(a) 

Drainage 
area. 

Flow 

per  second, 

fiverage 

for  the  24 

honrs. 

THEOKETICAL  UORSE-POWEB. 

Approxi- 
mate effect- 

Stage of  river. 

Spring. 

Snmmer. 

AutamD. 

Winter. 

Tear. 

1  foot  falL 

122  feet  fall, 
reinS'ining 
undevel- 
oped. 

101  feet  fall, 
=  total  do- 
scent. 

ive  Lorse- 
power 

of -wbeels 
in  use. 

Inches. 

1- 

Inches. 
12 

Inches. 
11 

Inches. 

8 

Inches.       Sq.  miles. 

Cvbic/eet. 
r           90 
i          120 
[          200 

10.22 
13.  C3 
22.72 

1,250 
1,000 
2,770 

1,050 
2,190 
3,6C0 

1  Probably 
1    600-800. 

Low  water,  average  year 

Available  10  months,  average  year 

40 

f    ill,  016 
\     0  1,028 

a  Houghly  estimated ;  no  data  for  accurate  determination. 


h  At  Conklingville. 


At  nioutb. 


Excepting  a  limited  use  that  is  made  of  Piseco  lake  by  the  owners  of  the  large  saw-mills  on  the  Hudson,  the 
Sacondaga  is  not  sustained  in  the  dry  season  by  any  storage-reservoirs,  though  it  can  not  be  doubted  that  the  many 
lakes  within  its  basin  present  favorable  opportunities  for  such  improvements. 

For  three-quarters  of  a  mile  or  a  mile  up  from  the  Hudson  there  is  a  continuous  rapid,  with  a  fall  estimated  at  16 
or  20  feet,  which  could  be  utilized  near  the  mouth.  We  then  come  upon  the  privilege  occupied  by  the  Sacondaga 
Pulp  Oomijany,  having  a  fall  of  12  feet,  the  power  being  used  for  grinding  poplar  and  spruce.  The  dam  was  built 
about  the  year  1876,  and  has  been  carried  away  in  part  two  or  three  times  since.  It  rests  upon  a  sandy  bed,  is  from 
250  to  275  feet  long,  and  has  a  sloping  apron  30  feet  wide,  covered  with  round  logs  of  small  size  laid  with  the  slope. 
The  structure  is  built  of  logs,  filled  in  with  stone  part' of  the  way  across  the  stream,  and  is  very  leaky;  it  abuts 
against  a  ledge  at  one  end,  and  next  the  mill  against  crib- work. 

The  second  improved  power  closely  succeeds  the  one  just  described,  and  is  utilized  by  the  New  York  Pulp 
Company,  having  5  wheels,  the  combined  rating  of  which  was  stated  by  the  foreman  of  the  mill  as  425  horse-power. 
The  dam  is  of  logs,  filled  in  with  stone,  and  has  twice  been  carried  out.  The  first  time  it  had  merely  been  built  up 
against  the  bulkhead  without  being  bonded  into  it,  and  the  adjacent  portion  was  forced  out.  In  order  to  pass  the 
flow  of  the  river  while  this  first  break  was  being  repaired,  a  sluice  was  then  cut  near  the  center  of  the  dam,  reaching 
nearly  to  the  base.  There  came  a  sudden  rise  in  the  stream,  which  brought  down  many  logs ;  these  crushed  in  the 
aprou  and  injured  the  sluice;  there  was  a  heavy  scour  about  the  latter,  and  the  section  of  dam  farthest  from  the 
mill  was  swung  around  and  carried  down  stream.  At  the  time  of  the  first  failure  the  mill  had  been  built  out  over 
the  river  and  was  also  destroyed  with  the  dam.  It  was  afterward  rebuilt  inshore.  The  present  dam  is  13  feet 
high,  and  with  2-foot  flash-boards  gives  an  available  head  of  15  feet  at  the  mill. 

From  this  point  up  there  is  a  constant  rapid,  but  there  are  no  dams  before  reaching  Conklingville,  a  small 
village  between  6  and  6  miles  from  the  mouth.  The  river-bed  is  there  covered  with  bowlders  and  gravel,  said  to  be 
underlaid  by  sand.  The  dam  has  stood  some  50  years,  is  quite  leaky,  and  has  settled  a  foot  or  two.  It  has  a 
sloping  apron  about  18  feet  wide,  and  the  whole  is  planked  over ;  the  structure  is  from  230  to  240  feet  long,  and  has 
crib- work  abutments  with  smooth  timber  facing.  On  the  left  bank  a  moderate  jiower  is  used  in  Clement's  wooden- 
ware  factory,  while  on  the  right  bank  a  race  leads  down  several  hundred  feet  to  Henry  Poor  &  Son's  tannery, 
where  a  head  of  about  12  feet  is  obtained.  In  some  years  there  is  throughout  a  plenty  of  water  at  this  privilege, 
while  in  others  the  supply  falls  short  during  August  and  September. 

Above  Conklingville  smooth  water  is  said  to  extend  20  miles  up  the  stream,  and  the  latter  is  navigated  by  a 
small  steamer  of  18  or  20  inches  draught,  used  for  towing  scow-loads  of  hemlock  bark.  Above  this  flat  stretch  there 
are  rapids  again,  and  occasional  powers  are  in  use  by  saw-mills  and  tanneries.  At  Northville  the  Sacondaga  has 
a  tributary  drainage  area  of  700  square  miles. 
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The  extreme  sources  of  this  river  are  in  the  central  part  of  Essex  county,  from  5  to  15  miles  southeasterly  from 
HiouDt  Marcy.  It  flows  thence  in  a  general  southerly  direction  for  about  45  miles  and  joins  the  Hudson  nearly 
opposite  Thurman  station  on  the  Adirondack  railroad.  In  the  middle  part  of  its  course,  on  the  boundary  between 
Essex  and  Warren  counties,  the  river  spreads  out  to  form  the  extensive  sheet  of  water  known  as  Schroon  lake, 
which  is  8J  miles  long  and  varies  from  half  a  mile  to  a  mile  and  a  half  in  width.  Schroon  river  receives  the  drainage 
from  an  area  of  656  square  miles,  almost  entirely  a  rugged  mountainous  country  traversed  by  numerous  elevated 
ranges,  once  heavily  clothed  with  forests,  but  now  largely  cleared  ;  the  soil  is  generally  light,  sandy,  and  poor, 
except  in  the  valleys;  the  population  is  scattered,  and  above  the  mouth  the  river  is  nowhere  directly  accessible  by 
railroad. 

In  Colvin's  report  on  the  Survey  of  the  Adirondack  Region,  the  elevation  of  Schroon  lake  is  given  as  approximately 
830  feet  above  sealevel;  by  the  profile  of  the  Adirondack  railroad  the  corresponding  altitude  of  the  water-suiface 
at  the  mouth  of  the  river  is  594  feet;  from  which  it  appears  that,  in  the  intervening  distance  of  about  20  miles  by 
general  course,  there  is  a  fall  of  236  feet. 

Besides  Schroon  lake  there  are  numerous  other  lakes  and  ponds  within  the  basin  of  this  river,  most  of  which 
are  said  to  be  dammed  and  utilized  for  the  operations  of  log-driving.  Some  data  concerning  these,  contributed  by 
Joel  P.  Potter,  surveyor,  to  Benedict's  report  upon  the  upper  Hudson,  are  given  below : 


Principal  lakes  and  ponds  in  the  Schroon  River  basin. 

[From  a  report  by  J.  F.  Potter,  in  1874.] 


Name  of  lake  or  pond. 

Surface  in 
acres. 

Eemarks. 

4,730 
1,520 

1,920 
648 
400 
229 
480 
338 
460 
a  1,200 
200 
260 

several  hundred  acres  above  and  around  the  head  of  the  lake. 

with  the  latter ;  by  raising  the  dam,  located  5  miles  below  the  outlet  of  Schroon  lake,  6  feet,  Paradox 
late  would  bo  raised  at  least  3  feet,  and  a  body  of  wat-r  would  be  formed  24  miles  in  length,  flowing, 
together  with  the  lakes,  7,750  acres. 

About  5  miles  long ;  controlled  by  a  dam. 

Controlled  by  a  dam  on  the  outlet. 

It  is  estimated  that  by  a  dam  on  the  outlet  the  capacity  could  be  increased  one-third. 

Lies  in  the  town  of  Horicon,  Warren  county. 

Kaised  12  feet,  and  used  for  many  years  as  a  reservoir  to  supply  water  for  driving  logs. 

Controlled  by  a  dam  which  might  be  raised  20  feet. 

Friend's  lake 

Lie  at  the  hiead  of  the  west  branch  of  Schroon  river,  and  are  all  controlled  by  dams  for  log-driving. 

a  Coaibined  area. 

In  considering  the  value  of  these  lakes  as  reservoirs  for  storage,  Mr.  Benedict  rou  ghly  estimates  their  aggregate 
capacity  at  about  5,900,000,000  cubic  feet,  which  would  insure  a  supply  from  this  source  of  say  680  cubic  feet  of 
water  per  second  for  100  days. 

In  proportion  to  its  size  the  Schroon  is  a  better  stream  for  power  than  the  upper  Hudson.  Its  valley  is  more 
open  and  productive,  better  settled,  and  the  stream  itself  more  uniform  in  flow.  It  is  comparatively  well  sustained 
in  the  dry  season,  is  free  from  destructive  freshets,  carries  but  a  moderate  amount  of  anchor-ice,  and  surface-ice  has 
very  seldom  been  known  to  go  out  until  it  has  first  become  thoroughly  rotted  in  the  ponds.  The  oscillations  caused 
by  rains  are  less  rapid  than  in  the  Hudson,  and  it  is  said  the  latter  will  reach  the  top  of  a  flood  and  begin  falling 
before  the  Schroon  has  risen  to  its  full  height.  The  logging  interest  on  the  stream  is  still  large,  but  an  important 
part  of  the  timber  has  been  cut  away,  and  operations  are  now  confined  to  the  region  around  and  above  Schroon 
lake. 

Ascending  from  the  mouth  of  the  river  after  leaving  the  immediate  valley  of  the  Hudson,  the  Schroon  becomes 
shallow  and  rapid.  Gravel  and  small  bowlders  cover  the  bed,  while  the  banks  are  of  good  height,  and  from  the 
mouth  to  Warrensburg  are  generally  gravelly  or  sandy  in  appearance.  It  is  stated,  however,  that  though  the 
exterior  is  sandy,  the  banks  are  at  a  depth  of  a  few  feet  composed  of  hard-pan.  There  is  probably  sufficient  fall 
for  one  mill-privilege  below  Burnham's,  the  lowest  now  in  use,  and  there  is  said  to  have  been  a  dam  many  years 
ago  at  some  jioint  along  this  ]>ortion  of  the  stream. 

A  mile  and  a  half  above  the  mouth  and  2  miles  below  Warrensburg  a  fall  of  12  feet  is  used  by  J.  H.  Buniham, 

who  grinds  and  sells  wood-pulp  manufactured  mainly  from  poplar.    The  dam  is  a  log  structure  built  about  1877. 

It  is  100  feet  long  between  abutments,  10  leet  high,  and  probably  60  feet  wide  at  the  base.    Of  this  width  27  feet  is 

taken  up  by  a  sloping  apron  covered  with  round  timber,  and  supported  by  four  crib-work  piers,  each  12  feet  square. 
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The  proprietor  claims  tbat  bis  dam  could  be  raised  10  feet  without  overflowing  the  banks  above  to  any  important 
extent.  Two  wheels  are  in  use  of  75  horse-power  each.  For  two  or  three  months  in  the  year  there  is  some  scarcity 
of  water,  but  one  wheel  can  always  be  run  twenty-four  hours  in  the  day. 

The  uext  improved  power  is  in  the  lower  part  of  the  village  of  Warrensburg,  the  principal  settlement  on  the 
river.  The  Warrensburg  Woolen  Company  owns  and  holds  for  sale  the  property  on  the  right  bank,  where  it 
formerly  had  a  woolen-mill  which  was  burned.  The  old  dam  stood  a  short  distance  below  the  present  one,  but,  the 
bank  at  one  end  being  sandy,  water  worked  around  tlie  dam  and  carried  it  out.  The  present  structure  is  a  rough 
aifair,  perhaps  100  feet  in  lengtb,  with  a  long  wing  extending  down  to  the  mills  and  forming  one  side  of  the  race. 
The  establishments  are  small,  and  comprise  a  planing-  and  saw-mill,  a  sash-,  door-,  and  blind-factory,  and  a  shoe- 
peg  factory.  They  are  located  on  the  left  bank,  use  a  fall  of  10  feet,  and  have  water-wheels  with  an  aggregate 
rating  of  about  135  horse-power.  For  two  or  three  weeks  every  year  the  supply  of  water  is  insufficient  to  meet 
the  needs  of  these  concerns. 

Estimate  of  power  at  the  lower  water-privilege  in  the  milage  of  Warrensburg. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 


RAIKFALL  ON   BA8IN.(a) 

Spring.    Summer.   Autumn. ,  Winter.        Year. 


Inches. 
9 


Inches. 
12 


Inches. 
11 


Inches. 


Inches. 
40 


Brainnge 
area. 


.  m  ties. 
635 


Flow  per 

second, 

average 

for  tbo  2-1 

bourn. 


Cubic  feet. 
(  80 

■j  JOO 

I  150 


Theoretical  horse- 
power. 


l/aot/all. 

0.09 

11.30 

17.04 


W/eet/all. 
,90 
110 
170 


Effective 
horse- 
power util- 
ized. 


135  ± 


a  Koughly  estimated  ;  no  data  for  accurate  determination. 

The  third  dam  on  the  Schroon  is  near  the  center  of  Warrensburg  village,  and  is  a  log  structure  about  100  feet 
long.  There  is  considerable  fall  below  the  dam,  and  the  head  obtained  ranges  from  4^  feet  at  the  dam  to  9  feet 
below.  On  the  right  bank  B.  P.  Bnrhaus  &  Son  use  power  in  a  saw-mill  and  a  large  tannery ;  they  also  have  a  4-ruu 
grist-mill  on  the  opposite  side  of  the  river.  There  are  also  located  on  this'  privilege  A.  C.  Emerson  &  Co.'s  saw-mill, 
sawing  from  2,000,000  to  2,500,000  feet  of  lumber  yearly,  and  a  small  carding-shop. 

For  6  or  8  miles  above  Warrensburg  the  river  twists  about  among  low  and  extensive  flats,  partly  timbered, 
and  probably  a  half  to  three-quarters  of  a  mile  wide.  In  6  miles  by  direct  course  from  the  village  the  river  is  said 
to  have  an  actual  length,  following  the  windings,  of  18  miles.  Throughout  this  distance  it  is  sluggish,  but  is  then 
succeeded  abov_e  by  short  rapids,  where  about  7  feet  of  fall  was  formerly  in  use  at  Eichards'  saw-mill,  part  of  the  old 
log  dam  still  remaining.  The  river  is  at  that  point  from  50  to  75  feet  wide  in  a  low  stage,  and  has  a  bed  of  gravel 
and  bowlders.  The  river  was  not  examined  far  above  this  locality.  Quiet  water  succeeds  the  short  rapids  at 
Richards'  miil-site,  and  some  2  miles  beyond  there  are  rapids  again,  known  as  Hunt's  falls.  The  hills  are  then 
said  to  close  in,  and  the  valley  to  continue  quite  narrow  until  within  a  few  miles  of  Schroon  lake,  at  which  distance 
there  is  a  dam,  with  power  in  use  at  a  tannery. 

Drainage  areas  of  Schroon  river. 


Locality. 


Outlet  of  Schroon  lake,  above  the  stream  from  Pottersyille 

Horicon,  below  Brant  Lake  outlet 

Warrensburg 

Month  of  river ^ , 


Square 
miles. 


304 
496 
535 
556 


389 
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stream. 


Hsdaon  river  . 


Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
,Do. 
Do. 
Do., 
Do. 
Do  . 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do., 


Table  of  wtilized  power  on  the  Hudson  river  and  tributaries. 

[Based  mainly  upon  reinms  by  census  enmueratoiB  in  1880.] 


Croton  river  and 
tributaries. 

Do 


Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Murderer's    creek 
and  tribataries. 

Do , 

Do , 

Do 

^Fisbkill  creeic 

Do , 

Do 

Do 

Do 

Do 

Do 

Tribntaries 

Wappinger  creek.. 


390 


Tributary  to  wliat. 


Atlantic  ocean. 


do. 
.do. 
.do. 

do  . 
-do. 

do. 
.do  . 


..do. 
-.do. 
..do. 
-do. 
..do. 
-.do- 
..do. 
..do. 
..do. 
..do- 
..do. 
.do. 
..do. 
..do. 
..do. 
..do. 
.  do  - 

..do. 
..do  . 
.-do  . 
..do- 
,.do  . 
.do. 
do.. 


-..do 

Hudson  river . 


..do. 

..do. 
..do- 
,.do. 
.do. 
.do. 
do. 
.do. 
.do  . 
.do. 
.do. 


...do , 

...do  

...do , 

...do  

--.do  

--.do  

...do  

...do  

..do 

...do  

Fishkill  creek  . 
Hudson  river . . 


State. 


New  York . 


.do  . 

.do  . 
do. 
do. 
do- 
do. 

.do. 


..do. 
..do  . 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
.  do  - 
.  do- 
..do. 
,  do  . 

.do. 

do  . 

do- 
.do. 


...do  . 
...do  . 
...do  . 
...do. 
--.do. 
...do. 
...do- 


.do. 
.do. 


.do  . 


....do  

...do 

...do 

...do 

...do 

...do  

...do  

...do 

Connecticut  . 
N&s^  Tork  . . . 


.do  . 
.do  . 
.do  . 
.do. 
.do  . 
.do- 
.do. 
.do. 
do. 
.do. 
.do- 
.do. 


County. 


Kind  of  mill  or  manu- 
facture. 


Albany . 


...do 

...do 

BeuBselaer. . . 

..-  do 

.-do , 

--.do 

Saratoga 


do. 


...do  

...do  

"Washington  . 
--.do-. ...... 


..do  . 
.  do  . 
..do. 
..do  . 

.do. 
do. 

.do. 

.do  - 

.do  . 

do  . 


Saratoga 

Saratoga  and 
■Warren. 


...do..-- 
...do.... 
...do  .... 
--.do  .... 
...do  ..-- 
...do  .... 
Saratoga . 


...do  

Westchester . , 


.do  . 


...do 

...do 

...do  

...do  

Putnam.., 

...do 

--  do 

Dutchess 
Fairfield.. 
Orange  . . . 


..  do 

...do 

...do 

Dutchess  . 

...do  

--.do 

...do  

...do  

-..do  

.-  do 

...do  

...do  


Iron  castings  and  finish- 
ings. 

Saw 

Window  blinds  and  shades 

Flouring  and  grist 

Machinery , 

Paper , 

Sashes,  doors,  and  blinds. . 
Paper 


Flouring  and  grist 

Paper 

Hosiery 

Saw 

Flouring  and  grist 

Paper 

Blast-furnace 

Flouring  and  grist 

Machinery 

Paper 

Saw 

Stone  and  earthen  ware. 

Machinery 

Paper 

Saw 

--.do 

Flouring  and  grist 


Lime 

Marble- works 

Paper 

Planing 

Saw 

--.do  

Paper  and  wood-pulp  . 

Wood-pulp 

Flouring  and  grist 


Iron  castings  and  finish- 
ings. 

Saw 

Spectacles  and  eye.glasses 

Wheelwrighting 

Woolen , 

Butter  and  cheese 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Saw 

Flouring  and  grist , 


Paper , 

Saw 

Tannery 

Carpets 

Flouring  and  grist 

Furniture , 

Hats .  - , 

Kubhor  and  elastic  goods 

Straw  goods , 

Woolen 

Flouring  and  grist 


Carriage  and  wagon  ma- 
terials. 

a  No  reliable  returns;  possibly  as  high  as  1,500. 


Feet. 

a 

o 

*  . 

I- 


1-9 


Uo-uJ 


}  -1 

I  7-9 


40 


20-30  J 

13 
105 

11 

71+ 
19 

7 

9 

8 
130 
34 
28 


54 
12 
30 
27 
56 
4 

58 
25 
28 
22 
114 
11 


H.P. 
32 

50 

74 
290 

72 
'  720+ 

55 
500 


60 
140 
150 
160(2) 

50  ± 
200 


90 
40 
90 
600  (!) 
60 
40 
1,807 

900(?) 


2,000- 
2,100 


(a) 
1,450- 

1,500  : 

120 
199 

10 

193 
30 
17 
17 
75 

164 
85 
20 
15 

314 

424 

10 

18 

350 

193 

25 

400 

245 

200 

400 

239 

65 


la 


S.P. 
22 


75 


75 


580 


40 


185 


1,010 


26 
875 


126 

300 

56 

40 


Bemarks. 


.Privilege  at  state  dam — Troy 
'    and  Green  Island. 


Property  since  purchased  by 
the  Hudson  River  Water 
Power  &  Paper  Company, 
and  miU  not  in  operation  m 
the  fall  of  1882. 


>  Stillwater. 

Saratoga  dam. 
I  Fort  Miller. 

>  Fort  Edward. 


}  Baker's  Falls. 
Upperprivilege  at  Sandy  HilL 

>  Glens  Falls  privilege. 


Feeder-dam. 
Palmer  falls. 

Hadley. 
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Table  of  utilised  power  on  the  Hudson  river  and  tributaries—  Continued. 


stream. 


Tributary  to  what. 


State. 


County. 


Kiud  of  mill  or  manu- 
factnre. 


3 

o 
H 


11 


&S 


Bemarks. 


"Wappinger  creek . 

Do  

Do 

Do  

Do   

Do^ 

Do 

Tributaries 

Do 

Do 

Do ,. 

Do 

Do  


Konflout  creek  and 
tributaries. 

Do 


Do 

Do 
Do 
Do 
Do. 
Do 
Do 
Do- 
Do. 
Do. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do 

Do 

Do  

Esopna  creek  . 

Do 

Do 

Do 

Do 

Do     

Do   

Tributaries . . . 

Do 

Do 

Do   

Do 

Do 

Do 


Jansen's  kill   aud 
tributaries. 


Do. 


Hudson  river 

...do 

...do 

..  do 

...do 

...do 

..do 

"Wappinger  creek. 

..  do 

...  do 

....do 

...do  

...do 

Hudson  river ...  . 


..do  . 
.  do 

do  . 
.do  . 

do  . 

do  . 

do  . 

do. 
.do. 

do  . 

do. 

do. 

do. 
.do  . 
.do  . 

do  . 
.do  . 
..do 
..do. 
.  do  . 

do. 
.  do  . 
.  do 

do  . 
..do  . 
■  do  . 

.do  . 
.do  . 

.  do 
do  . 
do  . 
do  . 


..do 

...do 

..  do.....'.... 

...do 

..do 

..  do 

Esopns  creek  . 
..  do 


..  do 

...do    

..  do    

..  do 

...(io 

Hudson  river . 


.do  . 


Now  York . 


do. 

do  . 

do  . 

do  . 
■  do  . 

do. 

do. 
.do. 
,  do  . 

do. 

do. 

do. 
,  do  . 

do 

do  . 


...do  

..  do 

..  do 

..  do 

...do 

...do 

•-.  do 

..  do 

...do 

...do 

...do 

...do 

..do 

..  do 

..  do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do , 

..do 

New  Jersey. 

...do  

...do 


..do  .. 
..do., 
-do.. 
.  do  . 
.  do    . 

do  .. 
.  do  .. 
.  do  . 
.do.. 

do  .. 
.  do  . 

do.. 

do., 
-do  .. 

do  .. 


Dutchess  . 


..  do  .. 
...do  .. 
..  do  .. 
. .  do  . . 
..  do  .. 
..  do.. 
..  do  .. 
...do  .. 
..  do  .. 
. .  do  . . 
..  do  .. 
...do  .. 
Ulster . 

...do  .. 


do  . 


..  do... 
...do  ... 
..do.  .. 
...do  .... 
..do... 
...do.... 
...do  .... 
..  do.... 
...do.... 
..  do.... 
..  do... 
..  do  .... 
...do.... 
..  do  .... 
Sullivan 
..  do.... 
Orange  .. 
...do.... 
...do.... 
...do.... 
..  do... 
...do.... 
..  do  .... 
Sussex... 
..  do.... 
..  do.... 


—  do do  . 

. ..  do do  . 

— do do  .. 

New  York Ulster. 


...do 

...do  

...  do 

...  do  

...do 

..  do 

...  do 

..  do 

..  do    .... 

..  do 

...do 

..  do    .... 

Greene  . . 
Columbia . 


.do. 


Coffins,  burial-cases,  and 
undertakers'  goods. 

Cotton 

riouring  and  grist 

Paper 

Saw  

Wheelwrigb  ting 

Woolen 

Butter  and  cheese 

Flouring  and  grist 

Paper  

Saw  

Tobacco  and  cigars 

Woolen 

Carpets  

Cai-riage  and  wagon  ma- 
terlals. 

Children's  carriages  and 
sleds. 

Cooperage 

Cutlery  and  edge.tools. .. 

Excelsior 

Flouring  and  grist 

Furniture 

Gunpowder 

Lime 

Lumber,  planed 

Paper 

Sashes,  doors,  and  blinds 

Saw 

Tanneries    

Wheel  wrigbting 

Woolen 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Paper 

Saw , 

Shoddy 

Tanneries 

Woolen 

Worsted 

Agricultural  implements 

Flouring  and  grist 

Iron  castings  and  finish. 

ings. 

Saw 

Tannery 

Woolen 

Carriage  and  wagon  ma- 
terials. 

Flouring  and  grist 

Furniture 

Paints 

Paper  

Wood-pulp 

Saw 

Flouring  and  grist 

Furniture 

Paper 

Saw 

Tannery   

Wood  tumingand  carving 

Saw 

Agricultural  impleiaenta  . 

Flouring  and  grist 


Feet. 


108 
12 

'21 
10 
12 
16 

199 
24 
43 
12 


12 


20 

37 

9 

296 

7 

12 

18 

10 
170 

12 
370+ 

80 

30 

32 

36+ 

53 
316 

40 
120 

13 

15 

47 
9 

30 
261+ 

10 

120 
8 


19 

87 

8 

20 

31 

8 

201 

109 

30 

8 

199+ 

12 


48 
20 

70 


H.P. 
6 

198 

223 
42 
42 
10 
80 
8 

398 

24 

67 

6 

10 

300 


16 
108 

25 
674 

15 

300 

8 

8 

40 

25 
452 


13 

100 

62 

532 

100 

249 

40 

14 

92 

90 

37 

470 

6 

66 

8 

35 

65 

215 
15 
95 

450 
80 

.570 

309 
50 
20 

433 
10 
20 
55 
4 


B.  P. 


65 
14 


25 
10 
50 


14 


25 


45 
200 


10 
10 


320 
20 


90 

40 
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Table  of  utilised  power  on  the  Hudso^i  river  and  tributaries — Continued. 


stream. 


Tributary  to  what. 


Jansea's    kill  and 
tributaries. 

Do 

Do 

Catskill  oreek 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries 

Do 


Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Kinderbook  creek 

Do 

Do 

Do 

Do 

Do 

Tributaries 

Do 

Do 


Hudson  river  . 


Do. 

Do. 

Do 

Do. 

Do 

Do. 

Do. 

Do. 

Do.. 

Do., 

Do.. 

Do.. 

Do  . 

Do.. 

Do.. 

Do.. 

Do.. 


...do 

...do  

..  do , 

..  do 

..  do 

...do 

...do  

...do 

...do 

..  do 

...do 

Catskill  creek  ... 

...do  

..  do 

..  do ... 

...do 

...do 

..do.... 

...do 

...do 

...  do 

..  do 

...do 

...  do 

...do 

Hudson  river 

..  do    

...do 

...do 

...do 

-.  do 

Kinderbook  orec  k , 
..  do 


Poeaten    kill 
tributaries. 


and 


Do. 
Do. 
Do. 
Do. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


-do 

do 

do 

.do 

do    

do    

do 

do    

.do 

.do 

do 

...do  

...do 

..  do    

..  do 

...do  

...do 

...do 

Hudson  river . 


Do. 
Do. 


..do  . 
.  do  . 
.  do  . 
..do  . 
..do  . 
..do  . 
..do  . 

do  . 

do  . 

do  . 
.do  . 


State. 


Kew  York . 


do 

do 

do 

do , 

do 

do 

do 

.do 

do 

.do    

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do  

...  do 

...  do 

....do  

...  do 

....do  

...do 

....do  

....do 

....do  

..  do 

...do 

...do    

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

..  do 

...do  

..  do 

...do 

..  do 

Massacbusetts.. 

..  do 

New  York  . . . 


County. 


Columbia . 


..do. 
.  do. 
..do. 
.  do. 
..do. 
..do  . 
..do  . 

.do  . 

do. 

.do. 
.do  . 


...do 

Dutchess  . 
Greene 

...do  

....do.... 

...  do  .... 
Albany . . '. . 

....do  

....do  

Schoharie.. 

....do  

G-reene 

....do 

...do  

.-  do 

...do 

...do 

...do 

...  do 

Albany  

...do 

..  do    

...do 

Schoharie.. 

Ulster 

Colombia  . . 

...do 

...do 

...do 

....do 

Bensselaer. 

Columbia . . 
....do: 

...do 

...do 

...do    

..  do 

..  do 

...do 

...  do 

..  do 

...do  

..  do 

Rensselaer . . 

-.  do 

..  do 

..  do 

...do 

..  do    

Berkshire. . . 

..  do 

Rensselaer.. 


.  do  . 
,  do  . 

do  . 

do 

do  . 
.do  . 

do  . 

do. 

do. 


Xind  of  mill  or  mann. 

facture. 


Paper. 


Saw 

Flouring  and  grist 

Cotton 

Hardware 

Paper 

Woolen 

Flouring  and  griat 

Saw    

Tannery 

Flouring  and  grist 

Saw 

Agricultural  implements 

Cooperage 

Fire-aiTns 

Flouring  and  giist ^ . 

Furniture 

Saw 

Tannery 

"Woolen 

Flouring  and  grist 

Paper 

Saw 

Woolen 

Flouring  and  grist 

Saw 

Cotton 

Flouring  and  grist 

Furniture  

Paper 

Woolen 

Flouring  and  grist 

Agricultural  implements 

Brooms  and  brushes 

Cotton 

Flouring  and  grist 

Hosiery 

Machinery 

Paper 

Pumps 

Saw 

Tannery 

Upholstering  materials  . . . 

Woolen 

Blacksmithing 

Flouring  and  grist   

Paper 

Saw 

Wheelwrighting 

Wooden  handles 

Flouring  and  giist 

Woolen   

Agricultural  implements. . 


Cotton 

Electroplating 

Files 

Flouring  and  grist 

Hosiery 

Iron  castings 

Lumber,  planed 

Machinery 

Paper 


■  do Saddlery  hardware . 

do I  Saw 


302 


Feet. 
76 

29 
46 


22 
30 
62 
23 

g 

13 

36 

9 

14 

24 

28 

298 

26 

196+ 

12 

13 

104 

20 

97 

9 

16 

9 

53+ 

19 

14 

65 

10 

38 

26 


160 
524 

23+ 

59 
291  + 

20 
274 

12 

29 

24 

13 

26 

16 

29 

16 

30 

12 

16 

43 

28 
41 
21 
00 
26 
20 
39 
25 
67 

21 
33 


?^ 


H.P. 

250 

23 

84 
20 
35 
50 


23 

28 

40 

35 

10 

18 

19 
484 

16 
317 

10 

9 

142 

30 
136 

8 

10 

10 
680 
133 

10 
429    ! 
40 

60 
16 

8 
358 
790 
145 
120 
833 

6 
314 

10 
50 
75 
16 
34 
83 
50 
10 
16 
9 
10 
215 


22 

25 
295 

88 

200 

8 

70 
210 

25 
70 


£"1 
3  P. 


H.P. 


12 

15 

130 


15 


45 
25 


12 


378 
40 
155 


318 


220 
30 


100 
25 


Kemarka. 


Stream   uncertain,    but   sup- 
posed  to  be  the  Poesten  kilL 
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Table  of  utilized  power  on  the  Hudson  river  and  tributaries — Continuefl. 


stream. 


Tributary  to  what 


Toesten    kill   and  i  Hudson  liver Now  Tork  . 

tributaries. 


Do 


Do. 

Do 

Do 

Mohawk  river . 

Do 

Do 


Do 

Do  

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do  

Do 

,Do  

Do 

Do  

Do 

Do 

Do 

Do  

Do 

Do 

Do  

Do  

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do  

Do  

Do 

Do  

Schoharie      creek 
and  tt-ibutaries. 


Do. 

Do. 

Do- 

Df 

Do. 

Do., 

Do.. 

Do.. 


.do  . 

do. 
do  . 
do  . 
■  do  . 
do  . 
do  . 

do  . 
.do  . 
.do. 

do. 

do  . 
do  . 
do  . 
.do  . 
do 

do  . 

do  . 

do  . 

do  . 

do  . 
.do. 

do. 

do. 

do. 

do  . 
,  do. 

do  . 


.  do. 
•  do-. 
..do  . 

.do  . 

.do  . 
.do  . 

do. 

do  . 


..do 

...do 

..  do 

..  do 

..do 

..  do 

..  do 

...do 

...do 

...do 

..  do 

...do 

...do , 

..do 

..  do 

...do 

...do 

..  do 

...do 

...do :.... 

...do 

-.  do 

-..do 

Mohawk  river  . . . 


do  . 

do. 

do. 

do  . 
.do  . 
.do  . 

do. 

do  . 
do  . 
do. 
.do 

do. 
.do. 

do. 

do  . 
.  do  . 

do. 
.do 

do  . 

do. 

do  . 
.do  . 
.do. 
.do  . 

do 
.do  . 
.do  . 
.do  . 

do. 

.do  . 

do  . 

.do  . 

.do  . 

do  . 

■  do  . 

do  . 

:  do  . 

.do  . 
.  do 
.  do. 

.do  . 
..do  . 
.  .do  . 
..do  . 
..do  . 
..do  . 


County. 


Kensstilaer. 
..do 


...do  .. 
...do  ... 
...do  ... 
Saratoga 
...do  ... 
...do... 


.do  . 
.do  . 
do 
.do  . 


Albany . 
....do... 
...do... 
...do... 
...do... 


...do  .... 
...do  .... 
...do.... 
...do  .  .. 
...do  .... 
...do  ... 
...do  .... 
...do  .... 
...do.... 
...do.... 
Saratoga. 
Albany  . . 


Herkimer. 

...do 

..do 

..  do 

...do  .... 

...do 

...do  

..  do 

..  do  ...   . 
do  .   ... 

,-...do 

. .  do 


do 
.do 
.do  . 

do  . 

do  . 

do  . 


.do ;  Oneida 


.do  . 
do  . 
do  . 
do. 
do. 


.  do  . 
..do  . 
..do. 
..do. 
do  . 
..do. 
.do. 


...  do  

|....do 

L...do 

Lewis 

Montgomery . 

..  do 

..  do 

..  do 

..  do 

...do 

...do 

,:.'.do 


.do. 


Kind  of  mill  or  manu. 
facturo. 


Shirts. 


Steel      car.    and  wagon, 
springs. 

Wheelwrighting 

Wire 

"Woolen   

Flouring  and  grist 

Hardware  


Iron  bolts,  nuts,  washers, 
and  rivets. 

Machinery 

Paper 

Hosiery 

do 


Axes 

Boxes,  fancy  and  paper . . 

Carpentering 

Cotton  (print-clothB) 

Cotton    warps,     batting, 
etc. 

Cutlery  and  edgo.tool3... 

Furniture 

Hosiery 

Machinery 

Paper  

Printing  and  publishing . 

Sashes,  doors,  and  blinds. 

Shirts 

Wood-pulp 

Wrought-iron  pipe 

G-riat  iind  saw 

Power  supplied  for  pump- 
ing. 

Agricultural  implements. 

Axes 

Carpentering 

Condensed  milk 

Cotton 

Eli-cti-ical  apparatus 

Fertilizers 

Flouring  and  grist 

Hardware 

Knit  underwear 

Lasts 

Lumber,  planed 

Machinery 

Paper 

Saw 

Starch  

Wool  extract   

Woolen 

Flouring  and  grist 

Pumping- works  .  .* 

Sashes,  doors,  and  blinds. 

Saw 

..  do 

G-rist  and  saw 


Brooms  and  brushes  . 
Flouring  and  grist . . . 

Saw 

Flouring  and  grist. . . 

Saw 

Wheelwrighting 

....  do  

Woolen 


a 

3 


Feet. 
13 


13 
50 
20 


13- 

U 


12 


}»{ 


o  a 
.2  _ 


5-8 


33 

26 

7 


5 


H.P. 
15 

110 

15 

175 
15 
80 
76 
20 

40 
228 
130 
125 


45 

64 

3,690 

495 

350 

50 

1,415 

150 

50 

2 

40 

45 

60 

100 

2,'>-50 

100 

60 
100 


n.p. 


75 
120 

50 
150 
110 
110 
7 
105 

50 
200 

20 

50 

20 

80 
141 
200 

20 

50 

45 

50  ± 

38 
75 
39 
50 
30 
15 
10 
40 


Kemarks. 


King's  ditch.  Waterford. 
Total  water.power  utilized 
as  hero  enumerated,  443 
horse-power. 


Himea  and  Yail. 

l  State    dam,    Waterford    and 
J     Cohoes. 


Harmony  Mills. 


Eighteen  mills  in  fall  of  1882. 

Cohoes.  Total  water-power 
utilized  in  1880  as  here 
enumerated,  6,556  horse- 
power, lucreased  by  per- 
haps 300  horse-power  up  to 
the  fall  of  1882. 


Lower  aqueduct. 
I  West  Troy  water-works. 


50+ 


50 
60 


Little  Falls.  Total  water- 
I>ower  in  use,  as  here  enu. 
merated,  1,307  horse-power. 


Rome. 


Auriesville,  main  stream. 


Mill  Point,  main  stream. 


Charleston,  main  stream. 


)  Location  of  privileges  uncer. 
5     tain. 
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stream. 


Schoharie      creek 
and  Ixibutaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.-. 

Do 

Do 

Do 

Do 

Do  

Do. 

Do 

Do 

Do 

Do 

Cayadutta  creek. . . 

Do... 

Do 

Do 

Do 

Do 

Tributaries 

Dg  .- 

East  Canada  creek. 

Do 

Do 

Do 

Do 

Do..  

Do 


Do 

Do 

Tributaries 

Do 

Do 

Do 

Do 

Do 

Do..... 

Do 

Do 

West  Canada  creek. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries 

Do , 

Do 

Do , 

394 


Tributary  to  what 


Moha'wk  river  . 


...do  

...do  

...do 

....do 

...  do  

...  do  

...  do  

...do  

...do 

...do 

....do 

..-.do  

....do 

...do  

....do 

...  do  

....do 

...do 

...  do 

...do 

...do  

...do 

...do 

...do 

...do  ....: 

...do  

Cayadutta  creek. 

...do 

Mohawk  river  . . . 
...do 


State. 


New  York . 


do. 
.do. 
.do  . 
.do  . 

do. 


....do  

...  do 

East  (Canada  creek. 

.-  do 

-.  do 

..do 

-.  do 

...do    

..  do 

..  do 

...do 

Mohawk  river 

...do 

...do  

...do  

....do  

....do  

...do 

...  do  

...do 

...do  

...do 

...do 

...do 

--  do 

...do  

West  Canada  creek 

...do , 

do 

...do , 


.  do  . 
.  do. 
..do. 
.  do. 
.  do  . 
.  do  - 
..do  . 
.do  . 
..do  . 
..do. 
.  do  . 
.  do  . 
..do. 
.  do  . 
..do. 

do  . 
.  do. 
..do. 
.  do  . 
..do  . 
.  do  . 
..do  . 
..do. 
..do  . 
..do. 
..do-. 
..do. 
..do  . 
.  do  . 

do. 
.do., 
.do. 

do., 
.do., 

do., 


.do  . 

.do  . 
.do  . 
.do. 

do  . 

do  . 

do  . 

do  . 

do  . 

do  . 
...do  . 
..  do  . 
...do  . 
...  do. 
...do  . 
...do. 
...do  . 
...do  . 
...  do. 
...do  . 
...do  . 
...do  . 
...do. 
...do  . 
;..do. 
...do  . 
..do., 
...do  ., 
...do.. 
...do.. 


County. 


Schoharie. 


...do 

-.  do  ...'..... 

..  do 

. .  do 

..  do .'. 

. .  do 

..  do 

...do    

...do 

...do 

..  do....... 

Greene  ... 

...do  

...do  

...do  

...  do 

....do  

Albany 

...do 

....do 

Montgomery. - 

....do 

Fulton 

...do 

...do 

..  do 

..  do 

...do^ 

Herkimer . . 
...do  


do  . 

.do  . 
do  . 
.do  . 
.do  . 


....do 

Tulton.... 

...  do 

...do 

...  do  

Herkimer. 
....do  

..  do 

...do  

....do 

....do  

...do  

...do 

...do 

,...do  

...do 

...do 

...do  

...do 

...do 

...do 

..  do 

...do  

Oneida 

..  do 

..  do 

...do  

...do 

...do 

...do 


Kind  of  mill  or  manu. 
facture. 


Agricultural  implements. 

Carpentering 

Churns  

Cooperate  

Floui  ing  and  grist 

Furniture  

Machinery 

Paper 

Saw  

Tanneries  

"Wheelwrighting 

Woolen 

Cotton , 

Flouring  and  grist 

Furniture 

Saw 

Tannery  

Wood  turning  and  carving. 

Flouring  and  grist 

Saw  

Tannery 

Flouring  and  giist • 

Saw 

Flouring  and  grist 

Gloves  and  mittens 

Lumber,  planed 

Skins,  dressed 

Flouring  and  grist 

Skins,  dressed 

Cheese-boxes 

Cider.; 

Flouring  and  grist 

Saw 

Felt :... 

Flouring  and  grist 


Piano  and  organ  sounding, 
boards. 

Saw 

...do 

Cooper9.ge , 

Saw 

Tannery  

Flouring  and  grist 

Furniture 

Saw 

Shoe- pegs 

Tannery 

Toys  and  games 

Flouring  and  griat 

Furniture 

Hosiery 

Paper 

Plaster    

Sashes, doors,  and  blinds.. 

Saw  

Flouring  and  grist 

Saw  

Tannery 

Wheelwrighting 

Saw 

Flouring  and  grist 

...do    

Tannery  

Batter  and  cheese 

Flouring  and  grist 

Saw 

Wheelwrighting 


Feet. 
64 

12 

12 
7 

484 
12 
16 
17 

577 
25 
20 
45 
30 
85 
11 
96 
8 
12 
99 
92 

54 
40J 
11 
16 


273 
15 

14 


i  (3 


32 
22 
216 
23 
43 


t     2ii 


•20±. 


22 

14 


}     ^'{ 


6 
80 

41 
30 


65 

12 
20 
14 

960 
12 
15 
50 
1,202 
30 
18 
21 
75 

143 
30 

178 
5 
5 

140 

138 
4 

170 
20 
40 
90 
8 

454 

40 

30 

60  ± 


90 

55 
528 

70 
135 

16 
177 

20 

10 
8 

50 


60 
150 


254- 
40 
130 
23 

6 

8 
55 
46  ± 
90 
26 

4 
60 
42 

8 


l>-.fe, 

~  ft 


Beinarks. 


S.P. 


40 

20 


25 
4 


170  J= 


Ingham's  Mills. 


Dolgeville. 


75 


Herkimer. 


>  Middleville  and  Kewport. 

J 

Trenton  Falls. 
5  Prospect. 
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Table  of  utilized  power  on  the  Hudson  river  and  tributaries — Continued. 


stream. 

Tributary  to  what 

State.        * 

Conntyf 

Kind  of  mill  or  manu. 
facturo. 

a 
•s 

u 

ID 

1 

i 

.a 

g 

0 

3 

to 

"oo    . 

<1 

Bemarks. 

Tribntaries 

Do 

WestCanada  creek 
....do 

New  York 

do 

Herkimer 

do 

Flouring  and  grist 

6 

1 
1 
2 
23 
1 
2 
1 
1 
1 
2 
1 
2 
4 
1 
3 
1 
1 
3^ 
1° 
2 
1 
1 
1 
1 
1 
2 
1 

2 
1 
1 
8 
1 
3 
1 
2 

Feet. 
127 

9 
14 
25 
331 
13 
20 

6 
23 
10 
23 
12 
45 
101 

4 
40 
10 
15 
39 
18 
56 

7J 
23 
24 
10 
10 
36 
20 

41 

10 

14 
117 

20 

35 
9 

28 

26 

33 

18 

18 
116 

40 

76 

80 

42 

27 

12 

30 

12 

63 

20 

18 

12 

17 
204 
160+ 

36 

16 

27 

80 

18 
183 

31 

18 

36 

38 

H.P. 

101 

6 

8 

25 

485 

16 

43 

16 

12 

20 

20 

6 

200 

1,160 

6 

155 

30 

35 

140 

50 

178 

8 

12 

10 

4 

4 

18 

15 

290 
50 

100 

539 
20 
90 
12 
45 
70 
70 
20 
20 

160 
50 

375 

176 
50 
25 
12 

240 
17 
49 

50 

30 

30 

35 

349 

525 

150 

35 

25 

272 

15 

341 

92 

12 

48 

70 

H.P. 

35 

8 

1,170 
6 

50 
200 

12 
100 

80 

20 
20 
500 

50 
60 

15 

605 

40 
20 
195 

25 
20 

Do 

....do  

do 

do 

Do 

...  do    

do 

.    do 

Sasbes,  doors,  and  blinds.. 
Saw 

Do 

...  do  

do 

.    do 

Do 

....do  

do 

do 

Do 

...  do  .f. 

do" 

. .  do 

do 

Do 

...do  .... 

do 

Wheolwiighting 

"Wood  turn  ing  and  carving . 

Do 

...  do  

do 

...  do 

Do 

...do  

do 

do 

Do 

...  do 1 

do 

do 

Do 

....do ;. 

.      do 

do 

Woolen 

Sauquoit  Greek 

Moliawk  river 

...do 

..    do    . 

Oneida 

...do 

Agricultural  implements  . 

Do 

...  do  .  ..      . 

Do 

...do  

...  do  

...do      . 

Do 

...do  

...  do  

...  do  

Flouring  and  grist 

Hosiery 

Do 

...do  

do 

...do 

do 

Do 

...  do  

do 

Do 

....do  

do 

do 

Saw 

Do 

...  do  

..do 

do 

Silk 

Do 

...  do  

.      do 

...do 

Tributariea 

Sanqnoit  creek 

....do  

.do 

...do 

Carriages  and  wagons  . .  - 

Do 

..  do  .. 

.■- .  do  . . 

Do 

...  do  

. . .  do  . .    . 

...do 

Do 

...do 

...  do 

...do 

Do 

...do 

...do 

...  do 

do 

Do 

....do.    .    . 

do 

Wood  turning  and  carving. 
Cairiages  and  wagons 

Cotton 

Oriatany  creek  and 

Mohawk  river 

....do  

...do    

...  do 

tributaries. 
Do 

do 

...do 

..do 

Do 

....do  

do 

Do 

....do  

do  . 

■■■r 

Felt 

Do 

...do 

do 

Flouring  and  grist 

Do 

....do  

do 

do 

Do 

....do  

do 

do 

Saw 

Do 

....do  

do 

do 

"Wlie  el  w  righting 

Do 

....do  

.do 

do 

Do 

...do 

Madieon 

do 

Flouring  and  griat 

Saw 

Flouriag  and  grist 

Saw 

Do 

....do 

do 

3 

11 

11 

2 
2 

....do 

do  . 

Albany 

do 

Do 

....do 

do 

Do 

.  do 

do 

Schenectady . . 
do 

riourlDg  and  grist 

Do 

...  do 

...do 

Do 

...do 

..    do 

Saratoga 

do 

Flouring  and  grist 

Saw 

Do 

...do  

.  .  do 

Do 

....do  

do 

Montgomery., 
do 

Agricultaral  implements  . 

Do 

...do 



do 

Do 

....do 

do 

do 

Bee-hivea 

Do 

....do  

....do 

...do 

Do 

...do 

do 

do 

Carriages  and  wagons 

Carriage  and  wagon  ma- 
terials. 

Car-  and  carriage-springs . 

Do 

....do  

do 

do 

Do 

....do 

..  do 

do 

Do 

...do 

...do 

...  do    ... 

Do 

...do 

....do  

do 

Cotton 

Do 

....do  

....do  

do  . 

FnTfi1i7Arfi 

Do 

...do 

...  do 

do 

Mouring  and  grist 

Do 

...do 

...do 

....do  

Do 

...do •.... 

...  do  

.    do  .. 

Do 

....do 

...do... 

do  . 

Do 

...do 

....do. 

do 

Do 

...do  

...do 

...  do  

Do 

...  do  

...do 

..  do 

Do 

...do 

...do 

...do 

Saw 

Do 

....do  

...do  

...  do 

Do 

....do 

...do 

.      do    .- 

Do 

...do 

...do 

...do 

Fulton 

Do 

do 

...do   . 

Flouring  and  grist 
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Table  of  utilized  power  on  the  Hudson  river  and  tributaries — Continued. 


stream. 


Minor  tribntaries. 

Do 

Do 

Do 

Do 

Do  

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

HooBac  river 

Do 

Uo 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 


Do 

Do 

Do 

Do 

Do 

Tribntaries . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do., 
Do. 
Do. 
Do. 


Tribntary  to  what. 


Mohawk  river . 

...do  

...  do 

..  do 

..  do 

..  do 

...do 

..  do 

..  do 

..  do 

..  do 

...do 

..  do 

...do 

..  do 

...do 

...do... 

...do 

..  do 

...do 

..  do 

..  do 

..  do 

...do 

Hudson  river . . 
..  do 


do  . 

do  . 

do  . 

do  . 
..do  . 
.  do  . 
..do. 

do  . 

.do. 

do  . 

do  . 
.do. 
.do. 


...do  

...do  

....do 

...do 

....do 

Hoosac  river  . 
....do 


..do. 
.do  . 
.  do. 
..do  . 

do  . 
..do. 
,do  . 

do  . 

■  do  . 

do  . 

do  . 
.do  . 
.do  . 

do. 
.do  . 
.do  . 

do  . 

do  . 


State. 


New  York . 


..do  . 
.  do  . 
..do  . 
..do. 
.  do 
..do. 
..do  . 
.  do  . 

do. 
.  do  . 

do  . 
.  do. 
..do  . 
..do. 
.do. 

do  . 

do  . 

do  . 
,  do- 
do - 

do  . 
.do  . 

do 
.do  . 

do  - 

do  . 

do  . 

do. 
.do  . 

do  . 

do. 

do  . 
.do  . 


...do., 

..  do 

Vermont 

..  do 

Massachusetts. 


...do  .... 
...do  .... 
..  do.... 
...  do  .... 
...do  .... 
...do  .... 
..  do  .... 
...do  .... 
...do  .... 
...do  .... 
Vermont. 
-.  do  .... 

...do 

...do  .... 
..  do 


do. 

do  . 

do. 

do  . 
.do. 

do. 

do. 
.do  . 

do. 

do. 


County. 


Fulton 

...  do 

...do 

...do 

...  do  

...do 

...do  

...do 

...do 

..do 

Herkimer  — 

..  do 


...do 

...  do 

...do 

...do 

...  do 

Oneida 

..  do 

...  do  

...do 

...  do 

...do 

Otsego 

Kensselaer . 

. .  do 

...do 

...do 

...do    

..do 

...do 

...do 

...do 

..  do 


...do 

-.  do 

Bennington . 

..  do 

Berkshire  .. 


...do 

-.  do 

..  do 

...do 

...do  

...dB 

...do 

..do 

..do 

...do 

Bennington . 

..  do 

...do 

..  do 

...do 


do 
.do  . 
.do  . 

do  . 

do  . 
.do  . 
■  do  . 

do  . 

do  . 

do 


Kind  of  mill  or  manu- 
facture. 


Furniture 

-Gloves  and  mittens 

Paper 

Saw  .'. 

Shoe-pegs 

Skins,  dressed 

Tannery 

Wheclwrighting 

Woodf n  handles 

"Woolen 

Flax,  dressed    

Flouring  and  grist 

Furniture 

Matches 

Saw ;... 

Wheelbarrows . .'. 

Wheelwiighting 

Flouring  and  grist 

Hosiery  

Machinery 

Saw 

Whet  Ibarrows 

Wooden  packing-boxes . . 

Furniture 

Woolen  -.- 

Flourin*;  and  grist 

Cord.Tge  and  twine 

Paper 

Gunpowder 

Linen  twines,  yarns,  etc . 

Knit-goods 

Flouring  and  grist 

Paper  

Agricultural  implements, 
axes,  etc. 

Flouring  and  grist 

Agi  icultural  implements 

Cotton 

Hosiery,  etc 

Cotton . 


h 
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Flouring  and  grist 

Marble-dust 

Paper 

Tannery 

Woolen 

Cotton 

Flouring  and  grist 

Kaolin  and  ground  earths 

Machinery 

Tannery  

Carriages  and  wagons 

Cotton 

Drugs  and  chemicals 

Flouring,  and  grist 

Glass,   cut,   stained,  and 
ornamented. 

Hardware 

Hosiery , 

Kaolin  and  ground  earths. 

Machinery 

Paper 

Photographing 

Saw  

Stone,  and  earthen-ware.. 

Tannery 

Wooden  packing-boxes . . . 


19 


Feet. 
10 
10 

121 

173 
10 
144 
15 
15 
17 
12 
10 

116 
28 
22 

187 
18 
8 
60-f 
16 
10 

169-1- 
10 
27 
10 

^30-34  J 

8,12 
•15-16 


19 
17 


24 
80 
12 

5i 
86 
28 
30 
15 
26 
12 

8 
43 
15 
69 
150 


o 


97i 

115 

70 

31 

120 

212 

8 

7 

12 


B.P. 
10 
10 

245 

337 
10 
26 
16 
6 
15 
50 
12 

205 
28 
45 

261 
60 
10 

138 

30 

8 

326 

6 

29 

3 

170 
45  ± 

310 

100  ± 

208 

540 

150 

45 

300 

330 
50-60 
3,048 


100 
90 

244 
17 

619 
52 
30 
15 
15 
15 
8 

180 

5 

92 

8 

15 
190 
97 
89 
150 
33 
855 
12 
16 
20 


si 


B.P. 


50 


100 


12 


160 
250 


2,230 


60 
220 


465 
75 


10 


100 


12 


48 


Kemarks. 


ISchaghticoke. 
Cable  flax-mills. 

Schaghticoke. 
Valley  Falls. 

>  Jobusonville. 
Hoosac  Falls. 


Including  5  privileges  for 
the  Benfrew  Manufacturing 
Company,  and  4  for  the  Free- 
man Print  Works. 
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Table  of  utilized  power  on  the  Hudson  river  and  tributaries — Continued, 


stream. 


Tributaries  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Fish  creek.. 

Do  

Do 

Do 

Do 


Do. 


Kayaderosseras 
creek  and  tribn- 
tarie.°. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  . . 
BatteDkill 

Do 

Do 

Do.; 

Do 

Do 

Do 


Do 

Do- 
Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do., 
Do.. 
Po.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do  . 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Ho.. 


Tributary  to  what. 


Hoosao  river. 


.do  . 

do. 

do. 

do  . 
.do  . 
.do. 
..do  . 

do  . 

do  . 

Co  . 


State. 


Vermont... 

...  do 

New  York . 

...  do 

...do  

...  do 

..  do 

...  do  

...  do 

...  do 

..    do 

. . .  do 

...  do. 

do 


.-    do 

..  do 

..  do I 

Hudson  1  ivor do 

-  -  do ' . . .  do 

--do do 

-  -  do do 

.  -  do ' . . .  do 


...  do 

Fisb  creek 


do  . 
do. 

-do  . 

-do, 
do 
do 
do- 
do . 
do  . 


..  do 

Hudson  river . 

...do  

...do 

...do 

..  do 

...do  

...do 


.  do. 

..do  . 
-do 
..do. 
..do  . 
.-do. 
..do. 
.  do  . 
..do  . 
.  do. 
..do- 
..do  . 
..do  - 
..do  - 
..do. 
.do  . 
-do  - 
.  do. 
.  do  . 
.  do  - 
..do 
..do. 

do. 

do., 
.do.. 


..do  . 
-  do  . 

.  do  - 
.  do 

do  - 
.  do  - 

do'- 

do  . 

do  . 

do 

do  . 

do  - 

do  . 
-do. 

do  - 

do. 
.do. 
.do. 
:do. 

.do. 


....do.... 
....do.... 
....do.... 
...do.... 
...do.... 
...do  .... 
..  do  .... 
-.  do-... 
..  do  .... 
do--.. 
.-  do  .... 
:.  do.... 
..  do  .... 
..  do  ... 
.-  do  ... 
...do  .... 
..  do.... 
..  do.... 
..  do  .... 
..do  .... 
do  ... . 
Vermont. 
...do  .... 


County. 


Benuington 

.    do 

Rensselaer. . 
...  do    


..  do 

..  do 

..  do 

..  do '.. 

..  do........ 

■Washington  . 

..  do 

..  do    

..  do 

.-  do 

Paratosa 

..  do 

..  do    

..  do :.- 

..  do 


Kind  of  mill  ni-  mauu- 
laeture. 


do  - 
do  . 


.do. 


...  do 

...  do.. 

.-  do    - , 

...do 

..  do 

..  do    

..  do 

..  do    

...do 

..  do 

"Washington  . 

...do 

...do 

...do 

...do 

...do 

..  do 


do  . 


...do 

..do 

..  do 

..  do 

...do 

...do 

...do 

..  do 

..  do    

...do 

--  do 

..  do 

..  do 

.-  do 

..  do 

..  do    

..  do    

--  do 

...do 

--  do    

..  do 

Bennington 

..  do 

-.  do 


Wooden  wave 

Woolen 

Cooperage  

Flouring  and  grist 

Furnilure 

Iron  castin  (:a 

Paper 

Siiw 

Wooden  packing  boxes  . . 
Agiioiiltural  implements. 

Coidjige  and  twine 

Flux,  dressed 

Flouring  and  grist 

Saw 

Flouring  and  grist 

llacliineiy 

I'n|;er 

Sosbes,  doois,  and  blinds. 
Cotton 

Gi  i.sl  and  saw 

-A  ^lic  lilt  oral  inijib  ments. 


1-1 »  uiing  and  grist 

iliu  liiucry 

Paper 

Paper  bygs 

Papei-  collars  and  cuffs. .. 

Sashes,  doors,  and  blinds. 

Saw 

Tanuciios 

Wbeclwiighting 

Saw  

Plabtcr 

Sashes,  doors,  and  blinds. 

Saw 

Blankets  

Flouring  and  giiat 

Saw  and  plaster 

Wood-pulp    and   leather, 
boaid. 


Linen  threads,  yarns,  and 
twines. 

Cotton-batting 

Fluui'ing  and  grist 

Flax,  dressed  

Shirts 

Saw 

Knit  underwear 

Paper  

Flouring  and  grist 

Paper 

Saw 

Blankets 

Flouring  and  giist 

Sashes  and  bliiids 

Saw 

Mai  ble  sawed 

Iron  foundery 

Flouring  and  grist 

Saw 

Shirts  

Woolen 

.-  do 

Bjo(  ms  and  brushes 

Mai  ble-  and  stone-woi  ks. . 

Saw 


Total  t'ftl  utilized. 

Totnl  water  power 
utilized. 

M 

Remarks. 

Feet. 

//.  /'. 

B.P. 

15 

20 

16,32 

225 

250 

9 

45 

107 

299 

10 

12 

10 

10 

4 

38 

637 

204 

271 

40 

20 

5 

10 

16 

22 

18 

120 

10 

12 

82 

198 

73 

127 

, 14-20 

370  ± 

Lower  privilege. 

Saratoga  Victory  Manufactur- 
ing    Company.     About   760 
horse-power  actually  in  use. 

64 

960 

450 

14 

115 

49 

391 

137 

171 

370 

11 

37 

157 

1,012 

790 

to 

13 

7 

18 

77 

25 

11 

37 

110+ 

243 

25 

31+ 

65 

75 

11 

7 

10 

26 

10 

Clark's  Mills. 

47 

565  ± 

Middle  Falls. 

114 

130 

•10-12 

250  ± 

■Greenwich. 

]       ^i 

c     70 
J     60 

) 

9 

175  ± 

Eattenville. 

•       7* 

180± 

East  G-rcenwich. 

7 

1 

.       24 

Baxterville. 

■       7 

120  + 

Shushan. 

6 

,      30 

7 

35 

40 

90 

40 

22+ 

105 

397 
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Table  of  utilized  power  on  the  Hudson  river  and  tributaries — Continued. 


stream. 


Tributaries . 

Do 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sacondaga;  river . 

Do; 

Do 

Do 

Do 

Do 

Tributaries 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do 

Do 

Do 

Do 

Do 

Do 

Do... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Schroon  river  and 
tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

All  other  tribnta^ 
ries. 

Do 

Do 

Do 

Do 

Do 

398 


Tributary  to  what 


Batten  Ml. 
...do....... 

...do 

...do , 

...do , 

...do 


...do 

...do  

...do 

...do  

...  do 

...  do 

...do  

...do  

...flo 

...do 

Hudson  river . 
...do 


...do    

...do 

...do 

...do 

Sacondaga  river . 
..  do 


.do. 
.do. 
.do  . 
.do. 
.do  . 
.do. 


...do 

...do 

...do 

...do 

...do 

....do  

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do  

Hudson  river . 


..do. 
..do. 
..do. 
.  do. 
..do. 
..do. 
..do. 
.  do. 
..do. 
..do. 
..do. 
.  do. 

,  do. 

do  . 

do  . 
.do., 

do  .. 


State. 


Vermont. 
...do.... 
...do.... 
...do.... 
...do.... 
..do.... 


...do  

..  do 

..  do 

...do 

...do   

New  York . 

..  do 

...do  

...do 

...do 

...do 

..  do 

...do 

...do 

...do  

...do 

...do 

...do 

..  do 

...do 


do. 
.do. 
.do. 

do. 


.  do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 

..do  . 
.  do 
.  do. 
.  do  . 
.  do. 
.  do  . 
.do. 
.  do  . 

do  ., 
.  do  .. 
..do.. 

.do  .. 

do  .. 
do  .. 
do  .. 
do  .. 
do.. 


County. 


Bennington . . 
...do 


.do. 
.do  . 
.do  . 
.do  . 


...do 

.-  do 

...do 

...do 

...do 

"Washington  . . 

...do 

.-  do    .'.. 

...do 

-.  do 

Saratoga 

..  do 

..  do 

--  do 

Hamilton  . . 

...do 

-.do 

..do 

..  do 

Fulton 

..  do 


do  . 
do. 
.do  . 


...  do.... 
...do  .... 
....do  .... 
....do  .... 
...do  .... 
....do  .... 
....do.... 

...do.... 

Saratoga . 

...do  .... 

...do... 

...do.... 

...do  

..  do.... 

...do  .... 

...do.... 
"Warron . . , 


...do 

...do 

-.  do 

...do  

..  do 

..  do 

..  do 

...do 

Essex 

...do 

...do  

"Westchester . 


..do  . 
..do. 
do. 
,  do  . 
.do. 


Kind  of  mill  or  manu- 
facture. 


Brooms  and  brushes  . 

Cooperage 

Flouring  and  grist . . . 

Furniture 

Iron  castings 


Leather,  tanned  and  cur- 
ried. 

Lumber,  planed 

Machinery 

Saw 

"Wooden  handles -  - 

Wooden  ware 

Agricultural  implements 

Flax,  dressed 

Fouring  and  grist 

Saw  .-- 

Starch  

Wood-pulp - 

"Wooden  ware 

Tannery 

Flouring  and  grist 

Saw 

Tanneries 

Lumber,  planed 

Saw 

Tanneries  

Agricultural  implements 

Blaciismithing 

Cooperage 

Flouring  and  grist 

Iron  castings  and  finish- 
ings. 

Lumber,  planed 

Paper 

Saw 

Shoc-pegs 

Skins,  dressed 

Tanneries 

"Wooden  ware 

Woolen 

Agricultural  implements 

Flouring  and  grist 

Furniture 

Machinery 

Saw 

Tanneries 

"Wheelwrighting 

"Wooden  ware 

"Wool  carding 


Flonrin.sj  and  grist 

Planing 

Sashes,  doors,  and  blinds. 

Sa^ , 

Sboe-pegs 

Tannery 

"Wood'pulp 

Woolen 

Flouring  and  grist 

Saw 

Tannery  

Carpets 


Cutlery  and  edge-tools 

Fertilizers 

Files 

Flouring  and  grist 

Sashes,  doors,  and  blinds  . 


3 


Feet. 
19 
16 
87 
13 
13 
12 

9 

i 
400+ 
42 
55 
20 

8 
38 
31 
14 
27 

12 

20 
10 

8 
21 
67 
21 

8 
11 
26 


9 
63 
222 
10 
22 
17+ 
11 
20 
19 
69 
28 
IS 


13 
34 


12 
16 
36 
150 
12 
12 

26 
35 
17 
126 
13 


"■3 


S  2 


H.P. 

65 
25 
100 
40 
12 
15" 

18 

i 

596 

42 

44 

12 

15 
155 

95 

12 
650  ± 


30 
20 
58 
40 

169 
70 
10 
10 
40 

274 
6 

20 

105 

477 

10 

29 

36 

18 

14 

34 

190 

23 

15 

363 

27 

20 

50 

18 

185 


mp. 


150 
30 
60 

534 
60 
40 

40 

41 

22 

352 


30 


60 


35 


50 


103 


70 
SO 


16 
3S 
15 
20 

47 


20 


760 

60 
22 
40 
95 
10 


Bemarkg. 


Hadley. 

Do. 

Providence. 

"Wells. 

Hope. 
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Table  of  utilized  power  on  the  Hudson  river  and  tributaries — Continued. 


stream. 


All  other  tril)uta- 
ries. 


Do  . 

Do.. 

Do. 

Do.. 

Do 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do.. 

Do.. 
Do.. 
Do. 
Do  . 
Do.. 
Do.. 
Do. 
Do. 
Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do- 

Do 

Do. 

Do. 

Do. 

Do. 
-  Do., 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do... 
Do... 
Do... 


Tributary  to  what. 


Hudson  river . 


do  . 

do  . 
..do  . 
.  do  . 

do  . 
..do  . 
..do. 
.  do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
.  do  . 

do  . 

.do. 
.do  . 

.do  . 

do. 

do  . 
.do  . 

do  . 

do  . 

do. 

do  . 
.do. 


..do  . 

.  do. 

..do. 

.  do  . 

..do  . 

..do. 

..do  . 

.  do. 

.  do. 

..do. 

..do. 

..do  . 

.  do. 

..do  . 

-do. 

.  do. 

.  do. 

..do  . 

..do. 

..do  . 

..do. 

..do. 

..do  . 

..do. 

..do. 

.  do. 

..do. 

..do  . 

..do  . 

.  do 

..do  . 

.do. 

.do  . 
do  . 
do., 
do-. 


State. 


New  York  . 


.do  . 
.do  - 

do  . 

do  . 
.do  . 

do  . 
,  do  . 

do  . 

do  . 
.  do. 

do  . 

do  . 

do. 

do. 


.  do  . 

..do  . 
..do  . 

.do. 
.  do. 
.do. 
..do  . 
.  do. 
.  do. 
.  do 
..do. 
.  do  . 

..do  . 
-  do  . 
.  do  . 
.  do. 
.  do. 
.  do  . 
..no  . 
..do  . 
..do  . 
.  do  . 
..do. 
..do. 
.  do  . 
.  do^ 
.  doT 
.  do. 
..do  . 
.  do. 
..do  . 
..do. 
..do  . 
..do. 
.  do. 
.  do. 
.  do  . 
..do 
.do. 
.do  . 
.do  . 

do  . 

do  . 

do. 

do. 

do  . 

do  . 
.do  . 


County. 


"WeatcLest^r. 


...do  

...do 

..  do 

Eoclcland  . 
OraojTe  ... 

..  do 

..  do    .... 

..  do 

..  do 

...  do 

...do  

PQlnam... 

...do 

TJlster.... 


Kind  of  mill  or  maon. 
facture. 


.  do  .. 

do., 
do  . 


..  do 

...do  

...do 

..  do 

..  do" 

..  do...   . 
Dutchess  . 

...do 

...do  


..  do 

..  do    

..  do 

..  do 

..  do 

G-reene 

...do  

..  do 

...do 

Albany 

...do  

...do 

...do 

Kensselaer. . 
..  do 


.-  do 

..  do 

...  do  

....do 

...  do 

...do  

...do 

...do 

Saratoga 

...do  

...do 

...do 

..  do 

...do 

"Washington  . 

...do 

...do 

..  do 

...do 

Warren 

Essex 


Silk  

Tannery 

Whoelwrighting 

"Wire-worlis 

Flouring  and  grist 

...do ".. 

Machinery 

Maiblc-  and  stone. woiks.. 

Paper 

Saw 

Tanneries 

Woolen 

Flouring;  and  prist 

Paper 

Baskets,  rattan-  and  wil. 
low-wui  e. 

Carriage  and  "wagon  ma. 
teriaU. 

Cutlery  and  edge-tools — 

Dye  woods,  d j  e-st  uffs,  and 
extracts. 

Excelsior 

Flouring  and  giist    

Paints 

Saw    

Wheelbarrows 

Woolen 

Carpets 

Cutlery  and  edge.tools 

Dye  woods,  dye-stuffs,  and 
extracts. 

Flouring  and  grist 

Hats  

Saw 

Wood  turning  and  carving 

Woolen 

Flouring  and  grist 

Paper 

Saw 

Wooden  ware 

Flouring  and  grist 

Hosiery 

Paper 

Saw ,. . . 

Agiicultural  ir^plements. . 

Cordage  and  twine 

Cotton 

Drugs  and  chemicals 

Flouring  and  grist 

Hosiery 

Paints 

Paper 

Saw 

Woolen 

Cordage  and  twine 

Fertilizers 

Flouring  and  gi-ist 

Saw 

Sashes,  doors,  and  blinds. . 

Woolen 

Fertilizers 

Flax,  dressed .^  — 

Flouring  and  grist 

Saw 

Vinegar 

Flouring  and  grist --. 

Saw 


a 


Feet. 

27+ 

18 
23 
25 
34 
112 
20 


35 

25 

30i 

78 

35 

48 


21 
24 

12 
232 
30 
91+ 
18 
61 
18 
20 
40 

95 

22 

4yi 

50 

12 
110+ 

23 

79+ 

18 
127 

14 

58 
136 

44 

25 

28 

60 
202 

79 

33 
114i 
120 

25 

22 

30 
179 

74 

12 

12 

48 

35J 

61 

23i 

47 

22 


n.p. 

97 


44 
40 

127 

24 

0 

215 
24 
80 

311 
50 
96 
12 


18 


25 

SO 
295 
40 
117 
20 
44 
60 
26 
270 

178 

200 

72 

20 

26 

85 

80 

103 

15 

210 

41 

188 

162 

36 

35 

78 

30 

394 

205 

128 

175 

113 

18 

14 

85 

386 

142 

47 

16 

30 

18 

108 

100 

46 

180 


B.P. 

105 


20 


185 


180 
,  60 


120 


25 


80 


60 
150 


25 


30 


120 


10 


150 


Bemarke. 


399 
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Summary  of  utilized  power  on  the 


stream. 


Hudson  river 

Croton  river  and  tributaries 

Murderer's  creeli  and  tributaries 

Fisbkill  creeli  and  tiibutaries 

"Wappinger  croelt  and  tributaries 

Kondout  creelc  and  tributaries - . 

Esopus  creek  and  tributaries  

Jansen'8  kill  and  tributaries 

Catskill  creek  and  tributaries 

Kinderbook  creek  and  tributaiies 

Poesten  kill  and  tributaries 

Mohawk  river  and  tributaries 

Hoosac  liver  and  tributaries 

Fi&h  creek  and  tributaries 

Batten  kill  anil  tributaries 

Sacondaga  river  and  tributaries 

Scbroon  liver  and  tributaries  

All  other  tributaries  of  the  Hudson  river  . 


Total,  Hudsoir  river  and  all  tributaries 


COTTON-MI  LLB. 


O  <P 


55 


B.P. 


198 


20 
1,038 

80 

5,871 

3,090 

900 

10 


11,945 


!§, 

r3 


WOOLBN-MILLB.  (a) 


;5  P. 

9 


H.P. 


G13 

220 

1,236 

2,655 

450 


B.  P.      B.  P. 


750       1,310 

90  '  25 

530  i  40 


■1- 


5,  204  '  01 


405 

125  I 

I 
15 

708 

1,014 


130 
40 


112 

14 

30 

505 


4,315 


780 
715 


1,140 


4,200 


HOSIERY-  AND   KKIT- 
L'KDERWEAE  MILLS. 


51 


•43 
3 
u 

to 

O   V 

P.N 


B.P. 
150 


B.P. 


145 

88 
2,475 
•JJO   : 


155 


890 
220 


246 


3,414  !     1,340 


PAFEU-MILLB. 


107 


B.P. 

5,057 


424 


G6 

240 

470 

250 

80 

1,345 

■  210 

1,195 

1,151 

1,324 

135 

105 


B.P. 
155 


185 


12,  750 


65 
240 
410 

25 
318 

475 
232 
822 


645 


3,642 


Fl.OUBING-    AKU 
GBIST-MILL6. 


o  <u 


B.P. 

820 
383 
314 
432 
621 

1,776 
524 
178 
738 

1,026 
295 

4,821 
849 
595 
673 
494 
245 

2,405 


468     17, 189 


B.P. 


45 
175 


557 


a  Including  also  earpct  factories,  of  which  there  are  several  on  the  streams  mentioned. 

b  Comprising  iron-furnaces,  blacksmitbing  and  electro-plating  shops,  and  woi'ks  for  the  mauufacfure  of  agricultural  implements,  axes,  cutlery  and  sundry 
saws,  steel  car-  and  wagon  springs,  wire,  and  wrouij'ht-irou  pipe. 

c  Comprising  carpentering,  cooperage,  wheel wrigbting,  and  wood-turning  and  carving  shops ;  and  establishments  for  the  manufacture  of  carriages  and  wagons, 
organ  sounding-boards ;  sashes,  doors,  and  bliuds ;  shoe-pegs,  wheelbarrows,  wooden  packing-boxes,  wooden  bandies,  and  wooden  ware. 

d  Compiising  works  for  dressing  flax;  cutting,  staining,  and  ornamenting  glass;  working  iu  marble  and  stone ;  printing  and  publishing ;  dressing  skins ;  and 
boxes,  brooms  and  brushes,  butter  and  cheese,  cider,  condensed  milk,  drugs  and  chemicals;  dye-woods,  dye-stuffs,  and  extracts;  felt,  fertilizers,  gloves  andmitteDS, 
goods,  shirts,  shoddy,  silk,  spectacles  and  eye-glasses,  starch,  stone-  and  earthen  ware,  straw  goods,  tobacco  and  cigars,  toys  and  games,  npbolsteringmaterials,  vinegar, 
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Hudson  river  and  tributaries. 
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«<1ge-tool8,  electrical  apparatus,  files,  fire-arms ;  iron  bolts,  nute,  washers,  and  rivets ;  iron  castings  and  finishings,  saddlery  and  general  hardware,  machinery,  pumps, 

carriage  and  wagon  materials,  children's  carriages  and  sleds,  cheese-boxes,  chnms;  coffins,  barial-cases  and  nndertakers'  goods,  excelsior,  furniture,  piano  and 

water-supply  pumping ;  also  photographing  and  wool-carding  shops,  and  establishments  for  the  manufacture  of  bags,  baskets,  rattan-  and  willow- ware,  fancy  and  paper 
gunpowder,  hats,  kaolin  and  ground  earths,  lasts,  lime,  linseed-oil,  leather-board  ;  linen  threads,  yams,  and  twines ;  maps  and  atlases,  paints,  plaster,  rubber  and  elastic 
wood-pulp,  and  wool  extract. 
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LAKE  GEORGE  OUTLET. 


The  beautiful  sheet  of  water  known  as  lake  George  lies  in  eastern  New  York  state,  opposite  and  a  little  to 
the  west  of  the  head  of  lake  Champlain.  It  is  230  feet  higher  than  the  latter,  into  which  its  waters  discharge 
from  the  northern  extremity  through  Ticonderoga  creek,  2 J  miles  long.  The  length  of  the  lake  is  about  32  miles; 
its  width  varies  in  general  from  1  to  2  miles,  but  reaches  2J  miles  at  a  point  near  the  head.  The  surface  flowed 
amounts  to  44  square  miles,  including  the  islands,  which  are  numerous  but  small.  The  area  tributary  to  the  lake 
and  its  outlet  is  238  square  miles  at  the  upper  falls,  and  262  square  miles  at  the  entrance  into  lake  Champlain. 

Lake  George  is  bordered  by  high  hills,  or  mountains,  whose  rocky  slopes  often  rise  precipitously  from  its  shores. 
At  its  foot,  where  the  width  contracts,  there  are  level  meadows.  Below  the  lake  proper  is  a  narrow  arm  reaching 
about  a  mile  northward  to  the  upper  falls,  and  nowhere  more  than  a  few  hundred  feet  across.  The  ranges  of 
mountains  which  inclose  the  lake  are  there  perhaps  a  mile  apart,  with  rolling  or  moderately  hilly  land  intervening. 
The  range  on  the  west  runs  off  to  the  northward,  and  remains  of  quite  uniform  height  except  as  it  is  now  and  then 
cut  through  transversely  by  valleys.  The  hills  on  the  east  side  of  the  lower  end  of  the  lake  subside  somewhat,  and 
striking  to  the  eastward  come  to  an  abrupt  end  on  the  shore  of  lake  Champlain.  The  latter  is  here  about  1,400 
feet  wide,  and  on  the  opposite  side  the  range  is  continued,  beginning  at  mount  Independence  as  suddenly  as  it  had 
previously  dropped  off  on  the  west  shore  at  mount  Defiance.  The  narrow  arm  of  the  lake  terminates  at  the  ujjper 
dam  on  the  outlet,  where  the  storage  is  controlled,  and  from  there  Ticonderoga  creek  runs  down  through  a 
comparatively  open  valley,  practically  its  entire  descent  being  accomplished  in  the  flrSt  mile.  The  fall  is  in  two  or 
three  principal  pitches,  and  is  almost  wholly  over  hard  granitic  and  quartzose  rock. 

The  lake  is  deep,  and  its  sides  dip  steeply  beneath  the  water.  A  depth  of  100  feet '  will  often  be  found 
within  30  feet  of  the  shore;  and  within  a  few  miles  of  the  outlet,  where  the  depth  is  greatest,  it  is  said  that  soundings 
of  400  feet  have  failed  to  reach  bottom.  The  water  in  the  main  body  of  the  lake  is  wonderfully  clear,  and  objects 
can  plainly  be  seen  40  feet  beneath  the  surface.  In  the  narrow  arm  at  the  foot  of  the  lake,  however,  there  is  a 
clayey  bed  which  becomes  stirred  up  and  gives  the  water  there  and  in  the  outlet  a  milky  hue.  A  number  of  small 
streams,  none  more  than  6  or  8  miles  long,  flow  into  the  lake,  but  it  Is  thought  to  receive  a  large  portion  of  its  water 
from  hidden  springs  in  the  bed. 

A  short  distance  above  the  upper  dam  water  is  taken  out  for  the  village  of  Ticonderoga.  About  1,500  people 
are  supplied,  under  a  head  of  200  feet,  by  means  of  an  8-inch  main  having  an  estimated  capacity  of  470,000  gallons 
per  twenty-four  hours.  The  project  has  recently  been  broached  of  furnishing  the  various  cities  along  the  Hudson 
valley,  down  to  and  including  Kew  York,  with  water  from  this  lake,  though  it  is  not  probable  that  any  advanced 
steps  have  been  taken  in  the  enterprise.  The  qujestion  is  one  of  much  importance  to  the  inhabitants  of  the  village 
of  Ticonderoga,  for  the  carrying  out  of  the  design  would  curtail  their  principal  resource.  Even  supposing  the  plan 
practicable,  its  execution  would  probably  meet  with  determined  opposition. 

The  outlet,  Ticonderoga  creek,  after  passing  for  a  mile  or  so  down  through  the  village,  becomes  slack-water  on 

to  lake  Champlain.     In  colonial  times  freight  was  brought  up  in  vessels  to  the  lower  falls,  transferred  to  the  lake, 

and  shipped  to,  its  head,  on  the  way  to  fort  Edward.    Lake  George  thus  served  as  an  important  highway  of  traffic, 

and  the  reason  is  seen  why  the  entrance  was  so  strongly  defended  by  forts.    Previously  to  1837  navigation  to  the 

lower  falls  seems  to  have  been  unimpeded ;  but  in  those  times  there  was  a  saw-mill  at  the  falls,  supplied  with  logs 

rafted  down  the  lake  and  floated  over  the  upper  falls,  and  the  refuse  of  sawdust  and  slabs  from  this  mill  gradually 

choked  up  the  channel  until  it  became  no  longer  navigable,  in  which  condition  it  has  remained  to  the  present  time. 

But  under  an  appropriation  made  by  the  general  government  the  channel  is  now  being  dredged  out,  and  a  depth 

of  7  feet  will  be  obtained,  so  that  canal-boats  or  propellers  can  come  directly  to  the  mills  in  the  lower  part  of  the 

village. 
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Ticonderoga  is  a  pretty  and  flourishing  place,  A  branch  from  the  Delaware  and  Hudson  Canal  Company's 
railroad  brings  passengers  in  summer  to  the  foot  of  the  lake,  and  transports  freight  throughout  the  year.  The 
village  station  is  distant  not  over  half  a  mile  fram  most  of  the  mills,  and  the  uppermost  of  these  is  close  by  the 
track.    The  charges  for  freight  were  stated  by  one  of  the  largest  manufacturers  to  be  very  favorable. 

At  the  extremity  of  the  arm  of  the  lake  there  is  a  natural  abrupt  fall  of  say  12  feet  over  a  granite  ledge.  A 
dam  6  or  7  feet  high  has  been  built  at  the  top  of  the  ledge,  controlling  the  lake  and  increasing  the  fall  to  about  18 
feet.  The  dam  is  an  old  structure  of  timber,  CO  or  65  feet  long.  The  lake  fills  regularly  in  spring,  and  ordinarily 
reaches  a  height  about  18  inches  above  the  crest  of  the  dam.  It  is  said  that  wealthy  owners  of  real  estate  on  the 
shores  of  the  lake  will  not  permit  its  surface  to  be  artificially  sustained  by  flash-boards  on  the  dam,  and  in 
consequence  a  large  amount  of  water  runs  to  waste  in  spring.  The  highest  stage  is  gained  in  April  or  May,  after 
which  the  level  steadily  declines  until  a  minimum  is  reached  in  September.  The  water  never  rises  more  than  about 
2  feet  above  the  crest  of  the  dam,  and  never  sinks  more  than  about  1  foot  below  it.  It  falls  to  the  crest  usually  by 
August  1,  and  remains  below  until  Kovember  or  December. 

There  is  no  association  of  the  mill-owners  here,  but  the  discharge  from  the  lake  is  controlled  entirely  by  the 
proprietor  of  the  upper  privilege.  He  endeavors  to  pass  down  uniformly  what  he  considers  to  be  the  natural  flow. 
Many  of  the  establishments  below  are  small  or  of  but  moderate  size,  and  for  these  the  supply  is  commonly  sufficient; 
but  some  of  the  larger  concerns  are  short  of  water  in  the  fall.  The  flow  from  the  lake  does  not  appear  to  be 
managed  in  the  most  economical  manner.  As  has  been  said,  there  is  a  large  wastage  over  the  dam  in  spring,  and, 
considering  that  there  is  a  deficiency  of  supply  in  the  fall,  and  that  the  raising  of  the  dam  by  flash-boards  or 
otherwise  is  not  allowed,  it  would  certainly  seem  better  policy  to  draw  down  the  lake  another  foot  or  two  in  the 
dry  season,  and  so  make  the  discharge  entirely  uniform  throughout  the  year.  The  head  at  the  upper  falls  would 
be  but  slightly  diminished,  and  the  loss  would  be  largely  compensated  by  the  increased  volume  in  low  water. 

The  actual  discharge  from  the  lake  has  been  repeatedly  measured,  (a)  and  found  to  vary  between  an  ordinary 
maximum  of  about  660  and  an  ordinary  minimum  of  about  330  cubic  feet  per  second,  although  a  few  years  ago  it 
fell  even  lower  than  this.  July  10, 1880,  the  flow  was  at  the  rate  of  680  cubic  feet  per  second,  although  the  two 
preceding  years  had  been  unusually  dry  and  the  volume  in  consequence  somewhat  diminished.  The  rainfall  on 
the  drainage  basin  may  be  taken  as,  approximately,  9  inches  in  spring,  10  in  summer,  11  in  autumn,  8  in  winter, 
and  38  for  the  year.  Judging  from  the  above  figures  for  the  maximum  and  minimum,  the  average  discharge  for 
the  year  may  be  estimated  as  not  far  from  450  cubic  feet  per  second,  which  is  equivalent  to  about  68  per  cent,  of 
the  38  inches  of  rainfall  on  the  entire  basin  (including  the  lake  surface)  of  238  square  miles  tributary  at  the  upper 
falls.  It  is  stated  that  in  1839  Mr.  William  J.  McAlpine  made  an  examination  of  the  water-power  at  this  point,  and 
measured  the  discharge  as  429  cubic  feet  per  second.  This  is  presumed  to  have  been  before  the  lake  was  controlled 
by  a  dam  at  the  outlet;  but  as  neither  that  fact  nor  the  stage  of  water  is  mentioned  in  the  information  at  hand,  the 
gauging  is  not  perhaps  of  especial  assistance  in  this  connection. 

In  the  report  of  Mr.  McAlpine's  survey  the  fall  is  given  as  follows :  Prom  the  lake  to  the  foot  of  the  upper  falls, 
102.39  feet;  thence  to  Trout  Brook  inlet,  26.27  feet;  thence  to  water-surface  in  the  bay  communicating  with  lake 
Champlain,  91.43  feet;  making  a  total  of  220.09  feet.  Mr.  D.  M.  Arnold  states  the  fall  from  water-surface  in  lake 
G-eorge  to  that  in  lake  Champlain  to  be  about  2'30  feet,  which  is  of  course  liable  to  some  variation  with  the  stages 
of  water  in  the  two  lakes,  (b) 

It  is  easy  to  see  that  the  opportunities  for  the  use  of  water-power  afforded  by  the  outlet  of  lake  George  must  be 
very  fine.  The  valley  is  open  and  perfectly  accessible  throughout  the  length  of  the  falls.  Eailway  communications 
are  favorable.  The  lake  holds  back  the  water  so  as  to  insure  entire  immunity  from  freshets,  and  yields  a  remarkably 
uniform  flow.  It  usually  closes  with  ice  between  Christmas  and  the  last  of  January,  and  opens  in  the  month  of 
April.  The  warmth  of  its  water  is  such  that  anchor-ice  seld'om  gives  any  trouble,  and  then  only  for  a  day  or  two 
during  exceptionally  cold  weather,  when  the  ground  is  bare  and  frozen  hard.  In  addition  to  these  advantages  the 
water  is  very  clear  and  soft,  and  thus  well  suited  to  use  in  paper- manufacturing. 

Descending  from  the  lake  the  privileges  met  are,  in  order,  as  follows : 

1.  At  the  outlet  is  a  power  owned  by  George  C.  Weed  and  leased  by  the  Lake  George  Pulp  &  Paper  Company. 
The  fall  is  18  feet.  On  the  right  bank  is  a  small  saw-mill  with  60  horse-power  of  wheels,  and  a  fine  new  paper-mill. 
The  latter  was  nearly  completed  when  visited  in  November,  1882,  and  was  soon  to  start  in  the  manufacture  of 
news-paper,  with  a  capacity  for  producing  4  tons  per  day.  The  mill  has  290  horse-power  of  wheels,  and  is  designed 
for  the  manufacture  of  either  news-,  wall-,  or  manilapaper.  On  the  left  bank  is  a  dry-pulp  mill  using  160  horse- 
power.   In  the  year  before  it  was  visited  its  production  was  200  tons  of  pulp,  and  it  has  a  capacity  for  600  tons. 

2.  Pall  of  18  feet  owned  and. operated  by  the  same  parties  as  above;  250  horse-power  of  wheels  is  used  in 


a  For  knowledge  of  the  results  obtained,  and  for  much  general  information  concerning  the  lake  and  the  water-power  of  its  outlet, 
thanks  are  due  to  Mr.  D.  M.  Arnold,  civil  engineer,  of  Ticonderoga. 

6  As  we  have  seen,  lake  George  is  subject  to  an  extreme  variation  in  surface-level  of  about  3  f^et.    Lake  Champlain  loses  largely 
in  summer  by  evaporation  and  drainage,  getting  very  low  toward  the  end  of  the  season  and  rising  high  again  in  late  spring;  it  is  thus 
subject  to  an  annual  oscillation  of  about  8  feet. 
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grinding  wet  pulp,  of  which  the  production  is  2  tons  per  day.  The  tail  wiiter  from  the  saw-mill  on  the  upper  fall 
is  utilized  on  the  second  fall,  under  a  head  of  \2  feet,  by  George  0.  Weed's  planing-mill.  About  40  horse-power  is 
estimated  to  be  obtained  from  an  old  scroll'wheel. 

3.  Immediately  below  the  second  privilege  a  low  rude  dam,  a  couple  of  feet  high,  diverts  a  portion  of  the  water 
of  the  stream  into  a  race  on  the  right  bank.  The  race  is  continued  by  an  open  wooden  flume  6  or  7  feet  wide  and 
300  feet  long.  Prom  the  extremity  of  this,  water  passes  on  a  heavy  incline  through  an  iron  tube  down  to  the 
cotton-mill  of  the  Lake  George  Manufacturing  Company.  The  tube  is  5  feet  in  diameter,  -^  of  an  inch  thick,  and 
about  240  feet  long.  The  company  owns  about  75  feet  of  fall  and  half  the  flow  of  the  creek.  The  head  actually 
utilized  is  68  feet,  under  which  two  Swain  turbines  of  400  aggregate  horse-power  are  run,  the  two  wheels  acting 
upon  a  single  vertical  shaft.  Only  175  or  200  horse  power  is  in  active  use,  and  of  course  hot  nearly  all  the  water 
of  the  creek.  The  company  employs  100  hands,  runs  10,000  spindles  and  252  looms,  and  manufactures  flue  sheetings, 
of  which  its  production  is  55,000  yards  per  week.  The  other  half  of  this  privilege  can  be- improved  in  a  manner 
similar  to  that  just  described,  and  would  furnish  a  splendid  power.  It  is  owned  by  the  American  Graphite  Company, 
which  has  works  at  the  lower  falls  in  the  village. 

4.  Succeeding  the  75  feet  owned  by  the  Lake  George  Manufacturing  Company  there  is  an  available  unimproved 
fall  of  about  13  feet,  owned  on  the  east  side  by  W.  B  Calkins  and  the  Glens  Falls  Pulp  Company,  and  on  the  west 
by  W.  B.  Calkins  and  the  heirs  of  John  Lewis,  deceased. 

5.  A  fall  of  13  feet,  owned  and  used  by  the  Glens  Falls  Pulp  Company  in  the  manufacture  of  mechanical  wood- 
pulp  from  poplar  and  spruce.  This  company  employs  250  horsepower  of  wheels  and  turns  out  about  800  tons,  dry 
weight,  of  pulp  in  the  course  of  a  year.  Ordinarily  the  supply  of  water  is  ample  throughout  the  year,  but  for  a 
couple  of  months,  say  once  in  five  years,  the  manager  states  that  the  works  can  be  run  at  only  one-half  or  three- 
quarters  of  their  full  capacity.  The  dam  is  of  log  crib- work  and  stone.  A  small  trout-brook,  6  or  8  miles  long, 
empties  into  the  mill-pond,  and  is  of  considerable  assistance  at  times,  though  not  of  much  use  in  low  water.  It  may 
be  said  in  general  of  the  water-privileges  on  Ticonderoga  creek  that  the  dams  are  short,  cheap,  and  unimportant- 
The  pondage  formed  by  them  is  very  small,  and  in  most  cases  of  no  consequence  whatever. 

6.  By  means  of  a  low  dam  of  timber  and  stone  and  a  short  wooden  flume,  water  is  diverted  to  S.  J.  Moore  & 
Son's  3-run  grist-mill,  where  56  horse  power  of  wheels  is  run  under  a  fall  of  6^  or  7  feet. 

TJjie  stream  now  divides,  and  a  small  branch  running  off'  to  the  right  incloses  an  island  and  then  joins  the  main 
creek  again,  furnishing  power  in  the  interval  to  Hooper  &  Co.'s  machine-shop,  Patterson  &  Merchant's  grist-mill, 
and  two  other  small  establishments.    Continuing  down  the  main  stream,  we  have: 

7.  A  fall  of  5  feet,  at  which  from  5  to  10  horse-power  is  used  in  J.  W.  Treadway'^s  1-set  mill  for  the  manufacture 
of  plain  and  fancy  cassimeres.  A  small  race  on  the  opposite  bank  supplies  the  sash,  door,  and  blind  factory  of  the 
C.  P.  Fobes  Co-operative  Union.  This  concern  has  a  fall  of  about  8  feet  and  owns  water  for  25  horse-power,  but 
uses  only  a  small  part  of  this. 

8.  A  fall  of  10  feet  used  in  J.  Q.  A.  Treadway's  2-set  fancy -cassimere  mill.  About  25  horse-power  is  said  to  be 
employed. 

9.  Privilege  known  as  the  "island  property",  embracing  a  fall  variously  stated  at  from  30  to  40  feet,  and 
utilized  to  only  an  insignificant  extent  in  a  little  shop  for  re-cutting  files.  The  privilege  is  a  valuable  one  and 
offers  a  good  building-site.    It  is  owned  by  the  Eogers  estate  and  Burleigh  Brothers,  of  Ticonderoga. 

10.  The  main  stream,  having  been  rejoined  by  the  small  branch  which  forms  the  island,  soon  after  passes  over 
a  low  weir  with  a  fall  of  2  or  3  feet.  A  stout  division-wall  of  masonry  runs  thence  some  distance  down  stream  to 
the  last  dam.  No  power  is  used  from  the  fall  at  the  weir,  and  its  only  purpose  is  to  divide  the  flow  of  the  stream. 
It  has  a  length  of  75  feet,  and  the  division  wall  is  50  feet  from  the  right  bank.  Consequently  two- thirds  of  the 
flow  passes  down  to  the  right  and  one-third  to  the  left.  The  privilege  at  the  lower  dam  yields  an  effective  fall  of 
30  feet,  and  is  utilized  on  both  sides  of  the  river.  On  the  right  bank  are  the  works  of  the  Ticonderoga  Pulp  & 
Paper  Company.  This  company  previously  had  a  mill  here  for  grinding  wood-pulp,  and  in  November,  1882,  had 
just  completed  a  flue  new  mill  for  chemical  pulp,  with  a  capacity  for  producing  about  5  tons  per  day..  On  the  left 
bank  are  the  works  of  the  American  Graphite  Company,  which  were  found  to  be  shut  down  for  the  winter,  and 
Cyrus  Butler's  iron- works,  which  were  closed  temporarily  at  least,  and  probably  permanently.  The  Graphite 
company  has  3  wheels  with  an  aggregate  of  165  horsepower;  the  iron-works  receive  water  through  a  separate 
flame,  and  have  2  wheels  furnishing  together  about  75  horse-power. 

With  this  privilege  the  fall  of  the  creek  is  practically  flnished  and  we  are  brought  down  to  slack-water.  From  the 
description  that  has  been  given,  it  may  be  seen  that  the  manufacture  of  pulp  and  paper  is  the  most  prominent  industry 
on  this  outlet,  and  it  is  the  one  to  which  the  locality  seems  best  suited.  There  is  evidently  a  large  amount  of  fall 
either  partially  or  entirely  undeveloped.  In  particular,  there  is  the  fall  in  the  upper  village,  owned  by  the  American 
Graphite  Companyand  embracing  from  68  to  75  feet,(a)  with  half  the  flow  of  the  stream;  13  feet  immediately  below 
which  is  entirely  unemployed;  and  the  "island  property"  inthelower  village,  with  from  30  to  40  feet  of  fall.    Besides 

a  It  could  not  be  definitely  ascertained  whether  the  property  on  the  left  bank  covers  more  than  the  68  feet  of  fall  the  power  of  which 
is  utilized  on  the  opposite  side  by  the  Lake  George  Manufacturing  Company. 
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these  there  are  various  falls  at  which  but  a  small  proportion  of  the  available  power  is  put  to  use.    Prom  the  best 
data  at  hand  the  power  at  the  various  falls  may  be  estimated  as  in  the  table  below: 

Summary  of  water-privileges  on  Lalce  George  outlet  {in  order  from  the  upper  falls),  with  estimate  of  available  power. 


Party  owning  or  oocnpyiDg 
privilege. 


George  C.  Weed  owns  privilege  and 
leases  to  Lake  George  Fulp  &  Paper 
Company. 

George  C.  Weed  owns  privilege  and 
leases  main  portion  to  Lake  George 
Pulp  &  Paper  Company. 

Owned  and  nsed  on  right  bank  by  Lake 
George  Manufacturing  Company. 
The  other  half  is  owned  by  tte 
American  Graphite  Company,  and  is 
not  nsed. 

Power  on  east  bank  owned  by  Glens 
Falls  Pnlp  Company  and  W.  E.  Cal- 
kins; on  west  bank  by  W.E.  Calkins 
and  heirs  of  John  Lewis,  deceased. 

Glens  Falls  Pnlp  Company 

S.  J.  Moore  &  Son 


On  a  branch  striking  off  from  the  main 
stream  just  below  Moore's  mill  are 
several  small  powers. 

C.  P.  Fobes  Co-operative  TTnion  (right 
bank). 

J,  W.  Treadway  {left  bank) 

J.  Q.  A.  Treadway 

"Island  privilege",  owned  by  Rogers 
estate  and  Burleigh  Brothers. 

Ticonderoga  Pulp  &  Paper  Company. . . 

American  Graphite  Company 

Cyrus  Butler 


Power  on  outlet  for  assumed  fall  of  1  foot 

Total  power  on  outlet,  assuming  fall  at 
220  feet. 

Total  power  on  outlet,  assuming  fall  at 
230  feet. 


Manufacture. 


Dry  pulp  and  news-paper 
manufactured,  and  small 
power  used  by  saw-mill. 

Wood-pulp  ground, and  small 
power  used  in  Weed's 
planing-mill. 

Fine  sheetings 


Entirely  unimproved  . 


Mechanical  wood-pulp 

Power  used  for  3-run  grist- 
mill. 

Power  nsed  in  carpenter- 
shop,  machine-shop,  grist- 
mill, and  wheelwright-shop. 

Sashes,  doors,  and  blinds' 


Plain  and  fancy  oassimeres 

Fancy  cassimeres 

Substantially  unemployed  - . 


Pulp  and  paper . 


Iron-works  . 


Fall. 


Feet. 
18 


18 


d75 


13 


13 

«i-7 


5 

10 

30-40 


30 


1 
220 


230 


THEORETICAL    HORSE-POWER,    BASED    ON 
AVERAGE  FLOW  FOR  THE  24  HOURS. 


Ordinary 
minimum,  (a) 


Ordinary 
maximum.  {&) 


675 

675 
2,810 


490 
260 


el70 

e340 

0-1,360 

1,125 

37.5 
8,250 


1,350 


1,350 


5,620 


080 


520 


Average  for 
the  year,  (c) 


920 


3,830 


e3eo 

6  720 

,  150-2,  860 


2,250 


75 
16,  500 


17,  250 


660 
360 


e240 
«480 
el,430-l,910 


1,530 


Effect- 
ive 
horse- 
I^wer 

of 
wheels 
in  use. 


Kemarks. 


175-200 


250 
56 


100  ± 


5-10 
25 


51.12 
11,  250 


11,  760 


a  Flow  assumed  at  330  cubic  feet  per  second. 
6  Flow  assumed  at  660  cubic  feet  per  second. 
c  Flow  assumed  at  450  cubic  feet  per  second. 

d  Possibly  the  Graphite  company's  property  covers  but  68  feet  of  fall. 
e  The  smaU  branch  running  to  the  right  of  the  island  somewhat  diminishes 
arbitrarily  been  assumed  to  be  30  cubic  feet  per  second. 

/  Not  including  thq  power  used  by  the  Ticonderoga  Pulp  &  Paper  Company. 
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<;  165 

I     75 


71,600- 
;  1,700 


storage  of  lake  controlled  at  the 
dam.  Capacity  of  pulp-mill,  600 
tons  per  annum;  of  paper-mill,  4 
tons  per  day. 

Production  of  pulp-mill,  2  tons  per 
day. 

The  privilege  affords  a  splendid  un- 
employed power.  The  cotton-mill 
has  10,000  spindles,  252  looms,  and 
400  horse-power  of  wheels  in  place. 


Production,  800  tons  per  annum. 


Takes  water  from  same  pool  as  J.W. 
Treadwaj-,  and  returns  it  farther 
down  stream. 

One  set  of  cards. 

Two  sets  of  cards. 

Fine  site.  • 


Not  running  in  the  fall  of  1882. 

Works  closed. 

'  In  exceptional  years  the  minimum 
power  sinks'  below  the  figures 
here  given.  With  suitable  man- 
agement of  the  storage  in  the 
lake  the  average  flow  from  it 
could  be  made  uniformly  avail- 
able through  the  year. 


the  volume  of  the  main  stream.    For  the  three  falls  indicated  the  reduction  has 
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A. 

Aqueduct,  lower—  Page. 

Estimate  of  power  at 26 

Power  on  Mohawk  river  at 25, 20 

B. 

Baker's  falls,  power  on  Hudson  river  at 14,15 

Batten  kill — 

Fall  in 40 

G-eneral  features  of  basin  of - 40 

Opportunities  for  storage  in  basin  of - 40 

Water-privileges  on,  at  Clark'a  Mills,  "Big  falls,"  Middle  Falls, 
Greenwich,  Center  Falls,  BattenviUe,  East  Greenwich,  Baxter- 

ville,  and  Shuahan  40-43 

"Big  falls"  iu  Batten  kill- 
Descent  of  river  at    41 

Estimate  of  power  at  41 

Undeveloped  fall  above 41 

Blackinton  Woolen  Company's  privilege  on  Hoosao  river 37 

C. 

Canada  creek,  East — 

Estimate  of  undeveloped  power  on,  at  falls  below  Dolgeville 30 

Fall  in 30 

Power  on,  at  Dolgeville 31 

Canada  creek,  "West — 

FaUin 31 

'  Features  affecting  value  of,  for  power 31 

"Water-privileges  on,  at  Herkimer,  Trenton  Falls,  and  Prospect  .  -  -  31, 32 

Canals,  hydraulic,  system  of,  at  Cohoes 23 

Center  Falls- 
Estimate  of  power  at 42 

Power  on  Batten  kill  at 42 

Cohoes — 

Amount  of  fall  at 22,  24 

Description  of  dam  at 23 

Estimate  of  flow  and  power  at 25 

Growth  of 24 

Manner  of  operating  head-gates  of  canal  at 23 

Manufacturing  industries  at 25 

Minimum  power  at 24 

Power  at  state  dam  in  Mohawk  river  at 22 

Privilege  of  the  Cohoes  Company  at 22-25 

Shipping  facilities  at ? : . .  24 

System  of  hydraulic  canals  at 23 

Conklingville,  power  on  Sacondaga  river  at 45 

Cost  of— 

Dam  in  Hoosac  river  at  Valley  Falls 36 

Hydraulic  works  in  Hudson  river  at  MechanicsviUe 10 

Improving  storage  facilities  in  upper  basin  of  Hudson  river 6 

Present  dam  and  connecting  works  at  Cohoes 22 

_  Water-power  at  Cohoes   .       24 

n. 

Dam— 

In  Hoosac  river  at  "Valley  Falls,  description  of 36 

In  Hudson  river  at  Glens  Falls,  deacrix>tion  of , 16 

In  lower  Sacondaga  river,  failures  of 45 

In  Mohawk  river  at  Cohoes,  description  of 22, 23 

New,  in  Hudson  river  at  MechanicsviUe,  description  of 8-10 


Dam— Contiuued.  '         Page. 

State,  in  Hudson  river  at  Troy,  description  of 7 

State,  in  Schoharie  creek,  description  of 29 

Discharge  of— 

Hoosao  river  at  Schaghticoke,  measurements  of 34 

Hudson  river,  may  bo  largely  increased  in  dry  season  by  storage- 
reservoirs  6 

Hudson  riyer,  measurements  of 4 

Lake  George  outlet 64 

Mohawk  river  at  Cohoes,  lowest  observed -  24 

Schrooi]  river,  estimated  possible  increase  of,  in  dry  season,  from 

storage 46 

Diversion  of  water  to — 

Cbamplain  canal,  from  Hudbon  river 3, 4 

Erie  canal,  from  basin  of  Mohawk  river 21 

Drainage  areas  of — 

Hudson  river 2 

Mohawk  river 28 

Principal  tributaries  of  Hudson  river 20 . 

Schroon  river  47 

F. 
Fall,  unimproved,  in — 

Batten  kill,  at  Center  Falls 42 

Batten  kill,  below  Middle  Falls 41 

East  Canada  creek 30 

Hoosac  river,  at  Schagticoke 34,  35 

Hoosac  river,  between  Hoosao  Falls  and  Williamstown 36 

Hudson  river,  above  Hadley 18 

Hudson  river,  below  Glens  Falls 15 

Hudson  river,  below  Saratoga  dam 12 

Hudson  river,  between  Glens  Falls  and  Palmer  falls 17 

Hudson  river,  between  Troy  and  MechanicsviUe 8 

Hudson  liver,  summary  of 19 

Lake  George  outlet 65,  66 

Lower  Sacondaga  rivor 44, 45 

Mohawk  river,  at  Crescent 25, 26 

Sauquoit  and  Oriskauy  creeks 33 

Schroon  river 46,  47 

West  Canadii  creek,  at  Trenton  Falls ,.  -  - .  31,  32 

Fish  creek 39 

Forests,  destruction  of,  in  Hudson  Eiver  basin,  and  resulting  ill  effects 

upon  streams 3 

Fort  Edward,  power  on  Hudson  river  at 14 

Fort  Miller- 
Estimate  of  power  at 13 

Power  on  Hudson  river  at 13 

Freshet-rises  in — 

Hudson  river    6,  7 

Mohawk  river 2L 

O. 
Glens  Falls- 
Description  of  dam  at 16 

Estimate  of  power  at  undeveloped  privilege  above 17 

Estimate  of  power  at  undeveloped  privilege  below 15 

Feeder-dam,  power  at 16,17 

Power  in  Hudson  river  at 15-17 

Eock  strata  displayed  at 15 

Greenwich,  East,  power  on  Batten  kill  at 43 

Greenwich,  powers  on  Batten  kiU  at 42 

Greylock  miUs,  water-privilege  on  Hoosac  river  occupied  by 37 
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Hadley— 

Cliaractev  of  Hudson  river  above 18 

Power  on  Hudson  river  at 18 

Harmony  mills  at  Cohoea 25 

Herkimer,  power  on  "West  Canada  creek  at 31 

Hoosac  Falls,  power  on  Hoosac  river  at 36 

Hooaac  river— 

Cbaracter  of  manufacturing  on 34 

Discharge  bf 34 

Iforth  branch  of 37,38 

South  branch  of ; 38 

Summary  of  principal  water-privileges  on,  below  Iforth  Adams 37 

Topography  of  country  drained  by 33 

Undeveloped  fall  on,  between  Hoosac  Falla  and  'Williamstown 36 

Water-powers  on 34-38 

Hudson  river — 

And  tributaries,  summary  of  utilized  power  on 58, 59 

And  tributaries,  utilized  power  on 48-57 

Causes  tending  to  produce  low  discharge  of,  in  dry  Bcason 5 

Course  of 1 

Discharge  of 4 

Drainage  areas  of .■ 2 

Drainage  areas  of  principal  tributaries  of 20 

Fall  in 1 

General  features  of,  above  Troy 6, 7 

General  features  of  upper  basin  of 3 

Highest  source  of 1 

Navigation  afforded  by ^ . . .  2 

Population  of  basin  of s.     2 

Eainfall  on  upper  basin  of 4, 5 

Storage  facilitiea  in  upper  basin  of 5,6 

Summary  of  water-privileges  on i  19 

"Water-powers  on,  description  of 7-19 

Hudson  Eiver  "Water-Power  and  Paper  Company 8 

I. 

Ice-^ 

Anchor,  occurrence  of,  in  Hudson  river  at  Fort  Miller 13 

Gorges  in  Hudson  river  at  Troy 8 

Heavy  runs  of,  in  Sacondaga  river 45 

Method  of  flushing,  from  canal  at  Cohoes 23 

J. 

Johnson ville,  power  on  Hooaac  river  at 36 

King's  Canal  Company 22 

Lake  George— 

As  a  source  of  water  supply 63 

Changes  in  level  of 64 

Depth  of 63 

Discharge  from 64 

Lake  George  outlet — 

Advantages  of,  for  water-power 64 

Fall  in 64 

Improvement  of  channel  of 63 

Summary  of  water-privileges  on 66 

Undeveloped  fall  in 65,  66 

"Water-priyilegea  on,  description  of 64-66 

Little  Falls- 
Fall  in  river  at -. 27 

Powers  at 26-28 

State  feeder-dam  on  Mohawk  river  below 26 

Unoccupied  privilege  at 27 

Lumber — 

Amount  of,  sawed  at  Glens  Falls 16 

Industry  in  upper  basin  of  Hudson  river 3 

in. 

Mechanicsvllle — 

Bulkhead  and  hydraulic  canal  at 10 

Construction  of  dam  at , 9, 10 

^        Estimate  of  power  at 11 

Manufacturing  works  at 10 

Power  on  Hudson  river  at 8-11 

Upper  privilege,  near 11 
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Middle  Falls—  Page. 

Estimate  of  power  at 42 

Power  on  Batten  kill  at 41, 42 

Mill-power,  how  defined  and  measured  at  Cohoes 24 

Mohawk  river — 

Characterof  valley  of 20 

Diversion  of  water  to  Erie  canal  from  basin  of 21 

Drainage  areas  of 28 

Fall  in 21 

Geological  character  of  country  drained  by 20 

Important  towns  on  course  of 20 

Minimum  discharge  of,  at  Cohoes 24 

Occurrence  of  freshets  in 21 

Tributaries  of 28-33 

"Water-powers  on 21-28 

IV, 

Navigation  of  Hudson  river 2 

North  Adams,  Massachusetts,  power  on  branches  of  Hoosac  river  at 37, 38 

O. 

Oriakany  creek 33 

Unoccupied  water-privileges  on , 33 

P. 

Palmer  falls — 

Estimate  of  power  at 18 

Power  on  Hudson  river  at 17, 18 

Population  of  Hudson  Eiver  basin 2 

Pownal,  Vermont,  powera  on  Hoosac  river  at 36 

R. 

Race,  method  employed  in  flushing,  at  Baker's  falla 14 

Bainfall  on  upper  basin  of  Hudson  river 4, 5 

Eexford  flats — 

Heavy  freshet-riaea  in  river  at 26 

State  feeder-dam  in  Mohawk  river  at ." 26 

Kome,  Mohawk  river  at   28 

S. 

Sacondaga  river — 

Eatimate  of  power  on  lower  course  of 45 

Fall  in 44 

Lumber  operationa  in  section  drained  by 44 

Undeveloped  fall  in  lower  course  of 44, 45 

Unfavorable  character  of  bed  and  banks  of 44,45 

"Water-privilegos  in  use  on 45 

Sandy  Hill- 
Growth  of  manufacturing  at 15 

Power  on  Hudson  river  at .-- 14,15 

Saratoga  dam — 

Description  of 13 

Power  at 13 

Undeveloped  power  in  Hudson  river  below 12 

Saratoga  lake 39 

Saratoga  Victory  Manufacturing  Company's  water-privileges  on  Fish 

creek 39 

Sauquoit  creek,  unoccupied  water-privileges  on 33 

Schaghticoke — 

Estimate  of  power  at 35 

Ownership  of  water-privileges  at 35 

Powers  on  Hooaac  river  at 34  35 

Undeveloped  fall  in%iver  below 35 

Schaghticoke  Powder  Company'a  water-privileges  on  Hoosac  river 35 

Schoharie  creek — 

Estimate  of  power  of,  at  Mill  Point 29 

Fall  in 28 

General  features  of,  at  Mill  Point  and  above 30 

Powers  on,  at  Auriesville  and  Mill  Point 29 

Small  value  of,  for  power 28  29 

State  feeder-dam  near  mouth  of 29 

Schroon  river—    , 

Advantages  of,  for  water-power 46 

Drainage  areas  of 47 

Tallin : "  4g 

Lakes  and  ponds  in  basin  of,  and  estimated  storage  capacity 46 

"Water-privileges  on,  at  or  near  "Warrensburg 46,47 

Schuylel-ville,  power  on  Fish  creek  at 39 

Shuahan,  power  on  Batten  kill  at 43 
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StUlwater-  p^g^ 

Estimate  of  powor  at 12 

Power  on  Hudson  river  at 11  12 

Storage-reservoirs — 

Facilities  for,  possessed  by  upper  basin  of  Hudson  river •  6, 8 

In  Scbroon  river  basin 46 

In  upper  basin  of  Hoosao  river 87, 38 

Lakes  suitable  for,  at  bead- waters  of  East  Canada  creek 80 

List  of  available  sites  for,  at  head-waters  of  Hudson  river 6, 6 

Practicable  in  basin  of  Batten  kill 40 


Ticonderoga  creek  (see  Lake  George  outlet) 63-66 

Trenton  FaUs— 

Ustimate  of  power  at 82 

tTndeveloped  power  in  "West  Canada  creek  at 81, 32 

Troy- 
Description  of  state  dam  at 7 

Disadvantages  encountered  in  nse  of  power  at 8 

Leases  of  water  at 7 


Troy— Continued. 

Power  on  Hudson  river  at . 


Valley  Falls— 

Construction  and  cost  of  dam  at. 
Power  on  Hoosac  river  at 


7,  H 


36 
36 


W. 

"Warrensburg,  powers  on  Scbroon  river  at,  or  in  vicinity  of '  46, 47 

"Water-power,  available  surplus,  in — 

Hudson  river  at  Fort  Miller 13 

Hudson  river  at  Hadley 18 

Hudson  river  at  Green  Island 8 

Hudson  river  at  Mechanicsville -' 10 

Hudson  river  at  Stillwater 12 

Mohawk  river  at  Cohoes 24 

Mohawk  river  at  Little  Falls 27 

Mohawk  river  at  Eexford  Flats ^6 

Mohawk  river  at  Waterford 22 

"West  Troy  water- works  privilege  on  Mohawk  river 26 

Willlamstown,  Maasachusetts,  power  on  Hoosac  river  at -de 
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Boston,  Mass.,  July  9, 1883. 
Professor  W.  P.  Teowbeidge, 

Columbia  College,  New  YorTc  City. 
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to  the  principles  observed  in  the  estimates  of  flow  and  power,  which  are  fully  explained  in  connection  with  the 
report  on  the  region  tributary  to  Long  Island  sound. 
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DWIGHT  PORTEE, 

Special  Agent. 
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The  principal  rivers  here  to  be  noticed  are  the  Black,  Oswego,  and  Genesee.(a)  These  three  drain  an  aggregate 
area  of  about  9,370  square  miles,  and  minor  streams  increase  the  whole  tributary  area  lying  on  the  south  shore  of 
the  lake,  between  the  Saint  Lawre&ce  and  Niagara  rivers,  to  12,400  square  miles.  To  the  southward  are  the  basins 
of  the  Susquehanna  and  Allegheny.  Certain  tributaries  of  those  rivers  and  the  Genesee  have  their  origin  in  common 
in  Potter  county,  Pennsylvania,  the  drainage  froai  which  reaches  the  Atlantic  ocean  through  such  widely-separated 
channels  as  the  gulf  of  Saint  Lawrence,  Chesapeake  bay,  and  the  gulf  of  Mexico.  Striking  southeasterly  from 
fort  Niagara  and  then  southerly,  the  water-shed  line  inclosing  the  district  we  are  considering  passes  around  the 
head-waters  of  the  Genesee,  entering  a  little  way  into  Pennsylvania,"  and  reaching  there  its  point  of  farthest 
removal  from  the  lake,  at  a  distance  of  about  95  miles.  The  division  of  the  drainage  slopes  to  the  north  and  south 
is  there  effected  by  the  elevated  ridges  which  are  thrown  out  as  spurs  of  the  Alleghany  mountains.  Ee-enteriug 
New  York  state  the  line  runs  in  an  irregular  course  to  the  southward  and  eastward  of  the  interior  group  of  lakes ;  its 
elevation  decreases,  it  turns  to  the  northward,  and  east  of  Oneida  lake  sinks  to  an  altitude  of  but  430  feet  above  ocean- 
level,  forming  a  most  favorable  pass,  through  which  the  Erie  canal  crosses  from  the  middle  Atlantic  slope  to  the 
basin  of  the  great  lakes.  Around  the  sources  of  Black  river  the  water-shed  traverses  the  northern  wilderness, 
and  finally  turning  westward  to  Cape  Vincent  descends  to  the  lake  again. 

The  country  thus  included  may  be  described  iu  general  as  level  or  gently  undulating  in  the  counties  bordering 
upon  lake  Ontario.  To  the  southward  it  becomes  more  rolling,  and  a  series  of  ridges  gradually  rising  in  height 
stretch  down  between  Cayuga,  Seneca,  and  their  companion  lakes,  and  finally  become  merged  in  the  elevated  and 
broken  country  forming  the  principal  water-shed,  the  abrupt  slopes  of  the  latter  attaining  altitudes  of  from  2,000 
to  2,500  feet  above  sea-level  about  the  head- waters  of  the  Genesee. 

In  the  region  inclosed  between  the  summit  line  and  the  southern  border  of  lake  Ontario  the  gradual  decline 
in  level  is  accemplished  by  a  succession  of  terraces,  revealing  in  order  the  various  geological  formations  from  the 
more  recent  Devonian  down  to  the  older  of  the  Upper  Silurian.  There  is  thus  a  progression  downward  from 
the  shales  and  sandstones  of  the  Portage  and  Chemung  groups,  in  Allegany  county,  to  the  Medina  sandstone 
bordering  the  lake  in  Monroe,  and  closely  approaching  or  touching  it  in  Oswego  county.  Owing  to  the  soft  character 
of  many  of  the  formations,  changes  have  gone  on  which  would  have  been  impossible  in  a  region  of  hard  metamorphic 
rocks.  Surface  strata  have  become  disintegrated  and  ground  into  soil.  Tremendous  masses  have  been  torn  and 
worn  out  in  past  ages  by  the  action  of  glaciers  and  water,  deep  depressions  have  been  formed  which  are  now  occupied 
by  lakes,  and  nairow  gorges  have  beeo  cut  for  the  streams.  The  latter  preserve  many  high  and  vertical  falls,  but 
descents  which  were  once  probably  made  in  single  magnificent  plunges  near  the  mouths  of  the  rivers  have  slowly 
receded,  and  in  an  uneven  retrograde  motion  have  become  distributed  up  their  courses  in  rapids  and  minor  falls. 
To  the  eastward  from  the  lake  are  found  the  sandstones,  limestones,  slates,  and  shales  of  the  Lower  Silurian  strata, 
while  still  beyond  are  the  granites  and  gneisses  of  the  Archaean  era. 

Drift  deposits  are  quite  generally  scattered  over  this  section,  the  soil  of  which,  is  derived  in  part  from  that 
source  and  in  part  from  the  disintegration  of  the  native  rocks.  The  fertility  of  the  soil  is  great,  and  sustains  a 
large  annual  production  of  the  various  grains.  In  those  districts  less  suited  to  such  use,  or  possessing  especial 
advantages  for  dairying,  wool-growing,  and  stock-raising,  those  industries  take  a  prominent  position.  This  region 
was  once  heavily  clothed  with  timber,  and  considerable  amounts  still  remain  toward  the  Pennsylvania  boundary,  but 
to  the  northward  the  land  has  generally  been  cleared  and  only  moderate  patches  of  woods  are  left.  The  developmeut 
of  this  part  of  New  York  state  has  been  warranted  by  its  rich  resources,  and  has  been  fostered  by  the  establishment 
of  a  fine  system  of  water  and  railroad  transportation.  Punning  east  and  west  is  the  Erie  canal,  joining  the  great 
lakes  with  the  Atlantic  seaboard  and  affording  an  outlet  to  numerous  connecting  routes  on  the  interior  lakes  and 
eanals.    The  New  York  Central  and  Hudson  Eiver  railroad  through  the  north,  and  the  New  York,  Lake  Erie,  and 

a  The  Niagara  river  is  elsewhere  described  by  Mr.  Greenleaf. 
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Western  railroad  across  the  southern  portion  of  the  area  here  described,  constitute  two  great  lines  between  the  east 
and  the  west,  while  various  feeders  and  intersecting  roads  go  to  make  up  an  extensive  network. 

Each  of  the  three  rivers,  the  Genesee,  Oswego,  and  Black,  possesses  a  large  aggregate  amount  of  water-power; 
each  is  already  much  utilized  for  manufacturing,  and  each  offers  opportunity  for  a  considerable  further  development; 
bat  they  differ  widely  among  themselves  in  several  important  features.  The  Genesee  has  about  a  third  more 
drainage  area  than  the  Black,  and  half  that  of  the  Oswego.  Its  fall  is  concentrated  in  a  remarkable  manner  at 
Portage  and  Eochester,  but  elsewhere  in  the  middle  and  lower  course  is  only  moderate  in  amount,  while  the  volume 
is  very  variable  and  reaches  a  low  point  during  the  summer  and  fall.  The  Oswego  is  itself  comparatively  a  short 
stream  and  its  slope  is  not  large,  but  it  embraces  within  its  basin  a  magnificent  group  of  lakes  which  serve  as 
storage  reservoirs,  and  which  maintain  under  all  ordinary  circumstances  a  very  full  and  uniform  discharge.  The 
Black,  although  draining  the  smallest  extent  of  country,  is  not  equaled  by  either  of  the  other  main  streams  in  the 
aggregate  of  valuable  water-power  which  it  offers.  Its  descent  is  rapid,  both  in  the  upper  and  lower  course;  an 
extensive  portion  of  its  basin  is  underlaid  by  metamorphic  rock;  its  sources  are  back  among  the  lakes  and  woods  of 
the  northern  wilderness,  and  it  flows  with  a  large  and  steady  volume  even  during  the  driest  seasons. 

In  the  main  portion  of  the  region  tributary  to  lake  Ontario  on  the  south  and  east  the  average  annual  rainfall 
does  not  probably  much,  if  at  all,  exceed  35  inches,  and  there  is  a  range  at  different  points  from  less  than  30  to 
more  than  40  inches.  In  the  more  elevated  sections,  and  especially  toward  the  head- waters  of  the  Black  river,  the 
precipitation  is  thought  to  be  greater  than  in  the  lower  districts,  but  there  are  few  records  of  long-continued 
observations.     Eegarding  the  fall  of  snow,  it  is  stated  in  Blodgett's  Climatology  that — 

'        lu  the  basin  of  lake  Ontario,  as  it  is  sometimes  called — the  lower  portion,  to  -vrhich  Aubnrn  and  Eochester  are  central — there  is  no  . 
regular  quantity  on  the  ground  in  winter,  and  for  half  the  time,  on  an  average,  none  remaining.     But  here  and  in  southern  New  York 
there  is  great  inequality,  sometimes  a  winter  occurring  with  very  little,  and  at  others  immense  quantities  falling  and  remaining  for 
several  weeks.     In  extreme  cases,  of  which  the  winter  of  1855-56  was  perhaps  the  most  conspicuous,  from  3  to  5  feet  in  depth  have  fallen 
»t  one  time  over  this  hasin  or  low  plain,  and  still  more  on  the  highlands  east  and  south. 

Table  shoiotng  the  rainfall  and  temperature  at  points  in,  the  hasin  of  lake  Ontario.{a) 


Eleva- 
tion. 

KAISFALL. 

TEMPEBATUEE. 

Locality. 

Tears 
of  record. 

Spring. 

Sammer. 

Autumn. 

Winter. 

Tear. 

Tears 
of  record. 

Spring. 

Summer, 

Autumn. 

Winter. 

Te», 

Feet. 
266 
847 
250 
407 
417 
740 

1,500 
500' 

7 
23 
18 

9 
19 
80 

7 
45 

Inches. 
9.20 
6.96 
9.92 
8.65 
9.05 
7.09 
7.84 
8.05 

Jnches. 

8.59 
10.04 
10.02 

9.72 
10.13 

9.28 
10.65 

9.12 

Inches. 
11.58 
9.09 
11.24 
10.92 
9.62 
7.45 
9.06 
9.27 

Inches. 
7.36 
7.46 
9.24 
7.46 
'5.84 
4.49 
8.91 
7.21 

Inehes. 
36.73 
33.55 
40.42 
36.75 
34.54 
28.31 
36,46 
33.65 

9 
24 
18 

3 
21 
31 

5 
39 

Degrees. 
42.79 
42.69 
42.10 
43.39 
46.48 
a.  28 
41.43 
44.72 

Degrees. 
68.51 
65.12 
66.94 
68.33 
68  29 
66.82 
66.46 
68.04 

Degrees. 
50.80 
45.89 
50.47 
49.39 
49.51 
48.53 
46.45 
49.02 

Degrees. 
2a  72 
21.55 
25.87 
26.91 
28.86 
26.53 
23.39 
26.46 

Degrees. 
46. 4t 

lowTille 

43.81 

46. 3S 

47.0* 

48.29 

46,54 

44  42 

47  0€ 

a  From  Smithsonmii  records. 


L— THE  BLACK  KIVER. 


This  river  is  a  striking  example  of  the  splendid  water-power  streams  which  find  their  sources  in  the  northern 
wilderness  of  New  York  state,  and  which  radiate  thence  to  nearly  all  points  of  the  compass.  Its  especial  value  for 
power  arises  from  the  favorable  distribution  of  its  fall,  a  full  and  remarkably  well-sustained  flow,  firm  bed  and 
banks,  an  open  and  accessible  valley  in  or  adjacent  to  sections  of  valuable  agricultural  and  mineral  resources,  and 
convenient  facilities  for  transportation  both  by  land  and  by  water. 

The  Black  river  takes  its  rise  in  one  or  t.wo  small  lakes  in  the  western  part  of  Hamilton  county,  whence  it 
pursues  a  southwesterly  direction  for  some  30  miles  by  general  course,  passing  across  Herkimer  and  into  Oneida 
county ;  it  then  turns  and  runs  somewhat  west  of  north  through  Lewis  county,  after  which  the  course  lies  westerly 
across  Jefferson  countj'  to  Black  Eiver  bay,  at  the  eastern  extremity  of  lake  Ontario.  In  an  air  line  the  extreme 
lake-source  of  the  river  is  about  C5  miles  southeasterly  from  Watertown.  By  map  measurement  the  actual  length 
of  the  river's  course,  taking  account  of  the  bends,  is  130  miles,  and  the  drainage  area  is  1,857  square  miles.  This  area 
must  be  regarded,  however,  as  only  approximately  correct,  for  the  geography  of  the  region  about  the  upper  waters 
is  too  imperfectly  known  and  portrayed  on  maps  to  admit  of  an  accurate  determination. 

The  section  drained  by  the  upper  river  in  Herkimer  and  Hamilton  counties  is  described  as  very  rugged  and 
mountainous,  with  many  beautiiul  lakes  scattered  over  its  surface,  the  latter  wooded  and  covered  generally  with  a 
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light  sandy  loam  haviug  but  little  value  for  cultivation.  The  population  is  very  sparse,  and  the  entire  township 
of  Wilmurt,  16  miles  wide  and  nearly  50  miles  long,  containing  practically  all  of  the  Black  Eiver  basin  that  lies  in 
Herkimer  county,  had  but  271  inhabitants  in  1880.  In  the  southern  part  of  this  township  are  illustrated,  though 
to  a  less  degree  than  in  the  upper  basins  of  the  Hudson  and  Eaquette  rivers,  the  great  capabilities  of  the  Adirondack 
region  for  reservoir  storage.  Within  a  radius  of  5  miles  there  are  a  dozen  lakes,  of  various  sizes,  the  most  important 
of  which  are  controlled  by  slate  dams  and  have  their  waters  diverted  to  the  supply  of  the  Erie  and  Black  Eiver 
canals,  mainly  the  former.  Some  facts  concerning  the  capacity  and  cost  of  these  reservoirs  are  given  in  the 
following  table : 

State  reservoirs  in  the  upper  Blade  Biver  hasin.{a) 


Name  of  reservoir. 

Surface 
flowage. 

Average 

area 
for  fuU 
depth. 

Depth. 

Capacity. 

Supply 
for  100 
days. 

Cost. 

Woodhull  reservoir  (requires  two  seasons  to  fill) . . . 
Korth  Branch  reservoir  (can  be  filled  twice  yearly). 

Aeret. 

1,236 

423 

618 

Aeret. 

1,118 

277 

872 

306 

Feet. 
18 
28 
26 
15 

OxMcfeet. 
876,550,000 
337,800,000 
421, 190, 000 
200, 000, 000 

Cu.ft. 
per  see. 

101 

39 

49 

23 

DoUari. 
26, 629 
64,894 

Sand  Lake  reservoir '. 

34,  228 

o  Data  taken  from  Annual  Report  of  tlie  State  Engineer  and  Surveyor,  1867,  and  from  Annual  Eepart  of  the 
Superintendent  of  Public  Worke  for  the  year  ending  September  30,  1878. 

The  storage  from  the  North  Branch  and  South  Branch  reservoirs  descends  through  the  main  river,  that  from 
Woodhull  and  Sand  Lake  reservoirs  through  Woodhull  creek,  to  Forestport,  where  there  is  a  state  dam  below  the 
junction  of  the  two  streams.  From  this  point  the  water  is  conveyed  lOJ  miles  in  a  feeder  to  the  summit  level  of  the 
Black  Eiver  canal  at  Boonville,  feeding  thence  northward  toward  Lyon's  Falls,  and  southward  to  Eome,  where  it 
enters  the  Erie  canal.  There  is  thus  directly  controlled  by  the  state  for  canal  purposes  about  276  square  miles  of 
the  upper  basin  of  Black  river,  and  its  natural  drainage  is  mostly  diverted  southward  during  the  dry  season.  So  far 
as  concerns  the  water-power  of  the  river  below  Forestport  this  area  may  therefore  be  regarded  as  practically  cut  off, 
leaving  an  effective  drainage  area  above  tlie  mouth  of  the  river  of  only  1,582  square  miles.  Although  for  much  of 
the  year  there  is  doubtless  a  considerable  waste  over  the  Forestport  dam,  yet  in  the  dry  summer  months  the  storage 
above  that  point  is  scarcely  adequate  to  meet  the  demands  for  maintaining  canal  navigation.  In  his  report  for  the 
year  ending  September  30,  1879,  upon  the  middle  division  of  the  New  York  state  canals,  (a)  Mr.  Marvin  Porter, 
division  engineer,  stated  that  during  the  preceding  season  all  the  reservoirs  of  the  Black  Eiver  group  had  been 
drawn  down,  and  presented  several  projects  for  gaining  a  greater  storage  in  the  future,  including  the  construction 
of  a  dam  20  feet  high  at  the  head  of  the  present  pond  at  Forestport;  such  a  dam  would  flow  700  acres  to  an  average 
depth  of  7  feet,  giving  a  storage,  in  addition  to  the  previous  supply,  of  213,444,000  cubic  feet,  which  could  be 
obteined  twice  yearly. 

All  the  larger  eastern  tributaries  of  the  Black  river  contain  within  their  basins  numerous  lakes  and  ponds,  and 
there  can  be  little  question  that  abundant  opportunities  exist  for  a  substantial  increase  of  the  low-season  flow  of 
that  portion  of  the  main  river  which  is  especially  available  for  manufacturing.  The  only  improvements  of  this 
character  of  which  any  information  is  at  hand  are  in  the  case  of  the  Fulton  chain,  a  remarkable  series  of  eight 
lakes  tributary  to  the  north  branch  of  Moose  river.  It  is  reported  that  dams  have  been  erected  by  the  state  at 
the  outlets  of  two  of  these  lakes,  but  no  special  knowledge  concerning  them  was  gained. 

From  full-water  level  in  the  North  Branch  reservoir,  which  is  on  the  upper  course  of  the  main  streams,  to  the 
<5rest  of  the  Forestport  dam,  there  is  a  fall  of  692  feet  in  21.6  miles.  Thence  to  the  crest  of  the  Lyon's  Falls 
dam,  a  distance  of  17  miles,  there  is  a  further  descent  of  327J  feet,  followed  by  an  abrupt  pitch  of  about  69  feet  in 
less  than  250  feet.  The  Black  Eiver  canal,  descending  to  Lyon's  Falls  from  the  summit  level  at  Boonville,  now 
enters  the  river,  which  changes  its  character  wonderfully  and  for  42J  miles,  to  Carthage,  is  continuous  slack-water, 
only  interrupted  by  two  low  dams,  and  navigable.  The  entire  descent  in  this  distance  amounts  to  but  9^  feet. 
From  a  little  above  Lyon's  Falls  to  Carthage  the  river  increases  its  gross  drainage  area  from  458  to  1,741  square 
miles,  receiving  in  the  intervening  distance  most  of  its  important  tributaries,  including  Moose  and  Beaver  rivers 
and  Independence  and  Otter  creeks  from  the  east,  with  Sugar  and  Deer  rivers  from  the  west. 

At  Carthage  navigation  comes  to  an  end,  but  we  reach  the  most  valuable  portion  of  the  whole  river  for  power. 
The  volume  is  large  and  the  descent  rapid.  From  the  crest  of  the  Carthage  dam  to  the  water- surface  of  lake 
Ontario  there  is  a  fall  of  477  feet,  the  distance  being  about  29J  miles.  Of  this  fall  55  feet  occurs  in  4,600  feet  at 
Carthage,  and  122  feet  in  the  3^  miles  within  the  limits  of  the  city  of  Watertown.  Throughout  the  section  of  river 
now  under  consideration  the  bed  is  almost  continuously  of  solid  rock.  The  banks  are  to  a  large  extent  of  the  same 
material  and  are  of  good  height;  in  fact,  the  stream  has,  for  considerable  portions  of  its  course  between  Carthage 


o  See  Annual  Report  of  the  Stale  Engineer  and  Surveyor. 
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and  the  mouth,  and  especially  below  Watertown,  so  cut  its  way  into  the  rock  formations  that  it  runs  in  a  gorge 
with  steep  rocky  walls,  but  not  in  general  so  deep  as  to  interfere  with  the  development  of  powers.  At  Carthage 
the  outcropping  ledges  are  of  the  primary  formation,  consisting  of  granite  and  gneiss;  farther  down  stream  Isle  la 
Motte  marble,  or  Black  Eiver  limestone,  shows  in  the  banks,  but  it  is  only  about  8  feet  thick,  and  the  prevailing 
rock  material  is  the  Trenton  limestone. 

The  country  east  of  the  river  in  Lewis  county  rises  gradually  to  a  plateau,  and  on  the  adjacent  border  of 
Herkimer  county  has  an  elevation  of  some  1,400  feet  above  tide.  It  is  frequently  traversed  by  low  ridges  of  gneiss, 
and  possesses  a  poor,  sandy  soil.  Iron  sand  is  stated  to  be  found  along  the  streams,  and  magnetic  and  red  specular 
ores  of  iron  occur  inter  stratified  with  gneiss  on  the  northeastern  border  of  the  county.(a)  The  tributary  streams 
are  discolored  by  organic  matter,  manganese,  and  iron,  and  give  to  the  main  river  that  dark  color  which  fully 
justifies  its  name.  To  the  west  of  the  river  there  is  a  rise,  by  successive  terraces,  to  elevated  table-lands  from  1,500 
to  1,700  feet  above  the  sea.  The  Trenton  limestone  underlies  a  very  fertile  strip  of  land,  from  1  to  3  miles  wide, 
running  in  a  north-and-south  direction.  Farther  west  the  limestone  formation  is  succeeded  as  the  surface  rock  by 
Utica  slates  and  Lorraine  shales,  which  rise  some  500  feet  higher  and  are  covered  by  a  level  summit  region 
containing  extensive  swamps;  the  shales  are  easily  decomposed  and  form  a  rich  soil.  Deposits  of  drift  are  also 
scattered  throughout  this  section,  and  in  some  localities  are  very  deep.  On  the  north  side  of  the  Black  river,  in  the 
towns  of  Wilna  and  Le  Eay,  Jefferson  county,  this  formation  contributes  the  material  of  a  pine  plain,  sandy  and 
barren,  said  to  measure  14  miles  in  length  by  4  miles  in  average  width.  In  the  town  of  Antwerp,  which  adjoins 
"Wilna  on  the  north,  there  is  an  abundance  of  iron  ore.  Barley,  oats,  corn,  wheat,  and  grass  are  the  leading 
productions  of  the  soil  in  Jefferson  and  the  western  half  of  Lewis  counties,  but  though  fine  crops  are  obtained,  and 
in  the  vicinity  of  Watertown  a  yield  of  from  25  to  40  bushels  of  wheat  to  the  acre  is  not  uncommon,  dairying  is 
considered  more  profitable  than  the  raising  of  grains,  and  is  indeed  the  principal  industry  of  the  people. 

Water-power  is  utilized  on  the  lower  river  at  Carthage,  Great  Bend,  Felt's  Mills,  Black  Eiver,  Watertown, 
between  there  and  Brownville,  at  the  latter  place,  and  at  Dexter.  Many  of  the  wheels  used  at  the  various  privileges 
are  old-fashioned  and  very  wasteful,  the  dams  and  flumes  are  often  leaky,  and  thus  the  best  results  are  not  obtained 
from  the  water  at  command.  At  Watertown  and  Carthage  the  available  power  of  the  river  is  especially  large,  an^ 
the  manufacturing  interests  are  far  more  extensive  and  diverse  than  at  the  other  localities  mentioned;  but  even 
there  the  use  of  power  might  be  much  increased,  while  it  is  true  of  the  section  of  river  from  Carthage  to  the  mouth, 
as  a  whole,  that  about  one-half  of  the  fall  is  entirely  unimproved.  Watertown  is  a  fine  city  of  between  10,000  and 
11,000  inhabitants;  Carthage  has  a  population  of  1,900,  but  the  other  manufacturing  points  referred  to  are 
unimportant  villages,  Brownville  and  Dexter  numbering  only  from  400  to  500  inhabitants  each.  As  we  have  seen, 
navigation  by  slack-water  extends  from  Carthage  to  Lyon's  Falls,  and  by  the  Black  Eiver  canal  thence  to  the  Erie 
canal  at  Eome.  Eailway  communication  is  also  afforded  by  the  Utica  and  Black  Eiver  railroad,  which  follows  dowa 
the  valley  of  the  river  from  BoonvUle  to  the  lake,  and  by  the  Eome,  Watertown,  and  Ogdensburg  railroad,  which 
crosses  at  Watertown. 

Table  of  elevatio'M  on  Black  river  and  tributaries. 


Stream  and  locality. 

Distance 
from 

month  of 
Black 
river. 

Height  of 
water-sur- 
face above 
mean  sea- 
level. 

Distance 
between 
points. 

Fall 
between 
points. 

Fall 
per  mile 
between 
points. 

Authority  for  elevation. 

Beaver  river. 
Beaver  lake  (No.  4),  in  Lewis  connty. .. 

Milee. 
59.0 
39.0 

Feet 
1, 435. 97 
723. 70 

1,787.00 
1,  772.  00 
1, 803.  00 

1,  702.  00 
1,  760.  00 
I,  691.  00 
1,  687.  00 

MiUi). 
1      20.0 

Feet. 
712. 27 

Feet. 
35.61 

Colvin — Adirondack  survey. 

Estimated  from  elevation  of  Black  river  at  Ciuthaee. 

Colvin — Adirondack  survey. 

Mooee  river. 

Eishih  lake  Fulton  chain 

41.00 
2.00 

69.00 
4.00 

3.00 

0.00 
882. 22 

Do. 

Do. 

Do. 

Do. 

Do. 

K 

1, 684. 00 

1,  684.  00 
801.  78 

2,  019.  00 
1,  854.  00 
1,  699.  00 

30.6 

Do. 

102.6 
72.1 

28.93 

Do. 

Estimated  from  elevation  of  Black  river  at  lock  Ko.  109,  foot  *t 

Lyon's  falls. 

2,019  feet + tide- water,  by  ITew  York  canal  profiles. 

Colvin— Adirondack  survey. 

1,599  feet  -|-  tide-water,  by  New  York  canal  profiles. 

Black  riv&r. 
Sonth  Branch,  reservoir 

CShublake   

an 
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Table  of  elevations  on  Blavlc  river  and  tributaries — Continued. 


stream  and  locality. 

Distance 

from 

month  of 

Black 

river. 

llciijlit  of 
watiT-.-ur- 
fiico  above 
mean  aca- 
Ibvcl. 

Distaaoe 
between 
points. 

Fall 
between 
points. 

Fall 
per  mile 
betwoon 
points. 

Authority  for  elevation. 

Black  riuer— Continued. 

Miles. 

Feet. 

Miles. 

Feet. 

Feet. 

110.7 
89.1 

1,821.00 
1, 120.  03 

■       21.6 
17.0 

691.  97 

327.  25 

32.04 
19.25 

Crest  of  state  dam  at  Forestport 

By  Now  York  canal  profiles  1 ,126.96  feet  +  mean  tide  (here  assumed 
'to  be  moan  low  tide  at  Albanj  ). 

Crest  of  state  dam  at  Lyon's  Falls 

72.1 

801.  7S 

69.00 

Estinmtuil  from  elevation  at  foot  of  falls  as  given  by  New  York 
canal  profiles. 

Foot  of  Lyon'a  fUlls  (smooth  water  op- 
posite lock  No.  109). 

72.1 

732.  78 

I       42.5 

0.25 

0.22 

Water-eurfaco  at  lock  No.  109  is  given  by  canal  profiles  as  730.71  feet 
+  mean  tide;  1>.T  Colvtu's  survey  as  738  feet  +  sea-level.  Fall 
occurs  in  250  feet. 

Cros,t  of  state  dam  at  Cartilage 

29.6 

28.7 

28.2± 

728.  63 
608.  53 

664.20 

1         0.9 

1 

i       11.2 

55.00 
4.33 

101. 10 

721.46  feet  +  mean  tide,  by  New  York  canal  profiles. 

TJtica  and  Black  Eiver  Kailroad  cross- 
in-g. 

9.03 

By  Utica  and  Black  River  Railroad  profile  rails  at  crossing  are 
686.2  ftet  above  meiin  sea-level. 

Felt's  Mills,  crest  of  dam 

17.0 

663. 10 

\         6.6 

70.97 

10.75 

By  Utica  and  Black  Eiver  Railroad  profile  rails  at  Felt's  Mills 
station  are  616.4  feet  above  mean  sea-level. 

"Watertown,  npper  city  boundary,  at 
head  of  falls. 

10.4 

492.13 

I        3.5 

122.00 

34.86 

Approximate  elevation  obtained  by  adding  122  feet  to  the  altitude 
at  tho  lower  city  lino.  By  the  profiler  of  tbo  Utica  und  lilack  River 
raih'oad  the  rails  ore 511.0  feet  above  mean  sen  levi  1  wlierctheroad 
CT-osaea  the  highway  ahortly  aliovo  Hnn  inj^tonville,  accoiding 
to  which  the  elevation  of  the  adjacent  water-surface  would  be 
about  491  feL't. 

"Watertown,  lower  city  bonniary 

6.9 

370. 13 

I      e.9 

123.  52 

17.90 

F.  A.  Hinds,  civil  engineer,  gives  the  elevation  as  123.52  feet  above 
tbo  suifai-e  of  lake  Ontario. 

0.0 

246.  61 

) 

As  stated  attho  office  of  tbe  Chief  of  Engineers,  U.  S.  army,  "the 

mean  suiface  of  la  lie  Ootarjo,  Irom  Janiiary  1,  IHCo,  to  December 
31,  1875,  is  240.61  feet  above  mean  tide  at  New  York". 

So  far  as  cau  be  learned,  there  are  but  few  data  from  wbicli  to  judge  of  tbe  discharge  of  this  river.  March  22, 
1875,  the  volume  was  measured  at  Watertown  by  Mr.  Frank  A.  Hinds,  civil  engineer,  and  found  to  be  9,940  cubic 
feet  per  second;  but  the  stream  was  then  much  above  its  average  stage,  the  flow  corresponding  to  which  was 
assumed,  as  the  mean  of  estimates  by  four  persons  long  familiar  with  the  river,  at  two-thirds  the  above  amount,  or 
6,630  cubic  feet  per  second.  This  assumption  for  the  average  flow,  however,  must  be  far  from  the  truth,  for  it 
corresponds  to  the  condition  of  a  rainfall  of  about  50  inches  over  the  entire  tributary  drainage  area,  all  carried  off 
through  the  channel  of  the  river,  with  no  allowance  whatever  for  loss  from  evaporation  and  other  sources. 

At  the  privilege  a  short  distance  below  Watertown  occupied  by  C.  R.  Eemington  for  the  manufacture  of  i>aper, 
there  is  a  fine  new  dam,  which  is  tight,  and  which,  acting  as  a  weir,  presents  a  fair  opportunity  to  approximately 
measure  the  volume  of  the  river.  The  roll-way  is  050  feet  long,  with  a  sharp  crest,  a  vertical  face,  and  a  back  slope 
of  3  base  to  1  vertical.  During  the  dry  summer  of  1882  the  least  depth  of  water  on  this  dam,  measuring  from  the 
level  surface  of  the  pond,  was  0  inches,  and  November  22  it  was  7  inches,  900  horse-power  of  wheels  running  at 
full  capacity  under  a  head  of  30  feet  in  each  case.  Assuming  310  cubic  feet  per  second  as  used  by  the  wheels,  and 
720  cubic  feet  as  equivalent  to  0  inches  on  the  dam,  then  the  minimum  flow  during  that  season  may  be  considered 
to  have  been  at  least  1,030  cubic  feet  per  second. 


Data  concerning  the  discharge  of  Black  river. 


Locality. 

Natural 

drainage 

area. 

Effective 

drain- 
age area,  (a) 

Date,  and  stage  of  river. 

Approxi- 
mate 
discharge. 

Discharge 

per  square 

mile  I.f 

efi'eclive 

drainage 

ari-a. 

Kemarks. 

Carthage 

Sq.  miles. 
1,741 

1,816 

1,830 

Sq.  TnUes. 
1,466 

1,816 

1,555 

Lowest  water  in  summer  of  1682.  - 

March  22.  1875,  flow  estimated  to 
be  one-half  aliove  average  stage. 

Lowest  water  in  summer  of  1882. . 
November  22,  1 882,  low  stage 

Cu.  ft.  p.  sec. 
•  1,070 

9,946 

1,030 

1,210 

Cu.  ft  p.  sec. 
0.73 

5.48 

0.  C6 

0.78  , 

2  feet  depth  on  two  weirs  of  00  feet  each.    Waste 

on  daui  said  to  be  small,  and  neglected. 
Measurement  by  F.  A.  Hinds,  civil  engineer. 

"Watertown     

Between  Watertown   and 
Brownville. 

Do 

900  hnrse-powor  of  wheels  running  under  30  feet 
bead,  and  0  inches  of  water  on  dam  6j0  feet  long. 

Same  as  above,  with  7  inches  on  dam. 

•a  Deducting,  for  the  dry  season,  the  275  square  miles  tributary  above  Forestport,  contioUed  by  the  state  and  having  its  drainage  mainly  diverted  to  tbe  Erie  canal. 
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At  Carthage  practically  all  tlie  water  used  by  mills  from  the  upper  level  passes  into  the  race-ways  over  two 
submerged  weirs,  each  60  feet  long  and  sunk  2  feet  below  tlie  crest  of  the  dam.  At  the  lowest  stage  in  the  summer 
of  1882^water  was  barely  running  over  the  top  of  the  dam.  Neglecting  that  wastage,  and  supposing  the  water  in 
the  race-ways  drawn  down  a  foot  or  more  below  the  crests  of  the  weirs,  as  was  stated  to  be  not  uncommonly  the 
case  in  the  dry  season,  so  that  they  are  uo  longer  submerged,  then  the  probable  discliarge  of  the  river  appears  to 
have  been  at  least  1,070  cubic  feet  per  second. 

On  the  whole,  the  low-water  flow  of  the  river  at  Carthage  and  below,  in  an  ordinarily  dry  season,  may  safely 
be  taken  at  from  1,000  to  1,100  cubic  feet  per  second,  average  for  the  twenty -four  hours. 

Although,  taking  the  year  through,  Black  river  is  a  very  steady  stream,  it  is  at  times  visited  by  large  and  sudden 
rises.  At  Browuville,  but  a  few  miles  from  the  mouth,  it  is  said  that  the  effect  of  a  heavy  rain  in  the  upper  waters 
is  usually  felt  on  the  third  day,  and  that  the  river  continues  rising  about  forty-eight  hours  after  the  storm  is 
over.  Spring  freshets  generally  occur  in  April,  and  the  river  runs  lowest  from  August  to  November.  DifBculty 
was  .experienced  in  ascertaining  what  effect  had  been  produced  upon  the  stream  by  the  storage  said  to  have  been 
effected  in  the  Fulton  chain  of  lakes.  A  prominent  manufacturer  at  Watertown  was  not  aware  that  any  especial 
improvement  had  been  noticeable  there,  but  at  Great  Bend  it  was  confidently  maintained  that  the  dry-season  flow 
had  been  visibly  benefited.  Anchor-ice  troubles  more  or  less  along  the  stream,  and  at  Watertown  has  occasionally 
forced  a  stoppage  of  the  Eemington  paper-mills  for  a  few  hours.  Heavy  surface-ice  forms  in  winter;  in  the  lower 
river  2  feet  is  the  common  thickness,  but  5J  feet  is  stated  to  have  been  observed  one  year.  At  Watertown  this 
ice  is  well  broken  up  in  going  over  the  various  falls;  at  Black  Eiver  it  usually  rots  in  the  pond  before  going  out, 
but  there  and  at  other  points  dangerous  runs  at  times  occur,  aggravated  in  some  instances  by  gorges. 


Natural  drainage  areas  of  Blade  river  and  tributaries. 


stream  aod  locality. 


Black  river: 

Above  mouth  of  WoodhuU  creek  . . 

At  Forestport  state  dam  

At  Lyon'a  Falls,  below  Moosfe  river. 

At  Carthage 

At  Watertown 

At  mouth 

Woodhnll  creek 


Drainage 
area. 


Sq.  iniles. 

174 

275 

807 

1,741 

1,816 

1,857 


stream  aud  locality. 


Sugar  river 

Moose  river 

Otter  creek 

Martin's  creek 

Independence  creek 

Lowvil  le  creek 

Beaver  river 

Deer  river 


Drainage 
aiea. 


Sq.  tmles. 

60 

349 

60 

29 

90 

34 

365 

107 


Water-])owers. — Above  Lyons  Falls  the  river  is  described  as  being  a  succession  of  rapids,  with  occasional  use 
of  power  by  saw-mills  and  tanneries.  At  the  falls  there  is  a  fine  privilege,  which  had  just  been  purchased  at  the 
time  it  was  visited,  with  the  design  of  developing  it  in  the  spring  of  1883.  Large  manufacturing  works  were  then 
to  be  erected,  and  the  balance  of  the  power  above  their  requirements  was  to  be  held  for  disposal  to  parties  who 
might  wish  to  locate  other  establishments  there.  The  Utica  and  Black  River  railroad  has  a  station  near  at  hand, 
and  water  communication  is  also  afforded  northward  by  the  river  to  Carthage,  and  southward  by  the  Black  Eiver 
canal  to  the  Erie  canal  at  Eome. 

At  the  head  of  the  falls  the  state  has  a  timber  dam  about  600  feet  long,  and  at  the  most  not  over  6  feet  high 
from  the  bedrock.  The  water  passing  over  this  dam  flows  in  rapids  for  less  than  200  feet,  and  then  being  collected 
in  two  narrow  clefts  in  the  rock,  from  10  to  20  feet  wide,  oiie  near  the  east  bank  and  one  near  the  west,  plunges 
suddenly  down  50  or  CO  feet  in  a  most  beautiful  fall,  and  is  received  iuto  a  deep  pool  below.  From  the  crest 
of  the  state  dam  to  the  foot  of  this  pitch  the  horizontal  distance  does  not  exceed  250  feet,  while  the  vertical 
desce,nt  was  found  by  measurement  at  the  canal  locks  to  be  about  09  feet  down  to  smooth  water.  The  canal  passes 
down  the  left  bank  around  the  fiills,  and  theu  enters  the  river  again,  where  it  terminates.  The  banks  adjacent  to 
the  falls  are  masses  of  solid  rock,  that  on  the  west  sufflciently  sloping  for  the  convenient  location  of  a  mill,  but 
becoming  abrupt  a  couple  of  hundred  feet  below;  the  east  bank  is  rather  steep  opposite  the  falls,  but  a  little  way 
down  stream  has  a  more  gentle  descent.  The  site  is  a  .magnificent  one  naturally  for  the  development  of  power, 
and  it  seems  strange  that  it  should  not  have  attracted  more  attention.  'In  a  low  stage  practically  the  entire  flow  of 
the  river  is  confined  within  the  two  narrow  fissures  in  the  rock  at  the  top  of  the  falls,  and  it  is  a  comparatively 
easy  matter  to  control  either  or  both  of  the  channels,  and  thus  to  utilize  the  whole  volume  of  the  river  not  required 
for  the  purposes  of  navigation.  At  the  same  time  the  sites  for  mills  would  be  entirely  out  of  reach  of  freshets  and 
ice.  On  the  west  bank  a  wooden  flume  runs  GO  or  70  feet  to  a  little  saw-mill  having  a  single  saw,  but  otherwise 
there  is  no  evidence  of  any  power  ever  having  been  used  at  the  falls. 

Tills  privilege  is  owned  by  Mr.  G.  H.  P.  Gould,  of  Lyon's  Falls.  He  states  the  descent  from  the  foot  of  the 
state  dam  to  smooth  water  below  the  falls  as  Qi^  feet     He  has  had  the  volume  passing  over  the  dam  measured  by 
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an  engineer,  and  upon  the  result  obtained  bases  an  estimate  of  tlie  total  available  power  in  a  low  stage  of  river, 
■which  he  puts  at  4,000  effective  horse  power.  lu  the  manner  elsewhere  explained  the  theoretical  power  of  the  river 
at  this  point  in  various  stages  may  be  estimated  as  below: 

Estimate  of  power  at  Lyoti's  Falls. 


stage  of  river. 


Low  ■water,  dry  year 

Iiow  "water,  average  year 

Available  10  months,  average  year. 


KAINFALL  ON  BASIX.(a) 


Spring 


Inches. 


Snmmer. 


Inches. 
10 


Autumn. 


Inches. 
12 


M^inter. 


Inches. 
S 


Vein-. 


Inches. 
39 


Natural 

dnnnago 

area. 


Sq.  Tniles. 
6  807 


Flow  per 

Bccond. 

avcrape 

lor  the  L'4 

lioars. 


Cubic  feet. 
260 
300 
420 


Theoretical  horse-power. 


1  foot  fall. 
29.64 
40.90 
47.71 


B4ifeetfaU. 
1,900 
2,640 
3,080 


eOfeetfaU. 
2,040 
2,820 
3,290 


a  HoQghly  estimated ;  no  data  for  accui-ate  determination. 


b  Effective  drainage  area  in  dry  season,  532  square  miles  (seo  pages). 


At  Lyou's  Falls  the  valley  is  open,  with  a  gradual  rise  to  distant  high  hills.  Thence  down  to  Carthage  the 
stream  lies  in  broad  flat  meadows,  with  extensive  marshes  and  peat-swamps.  The  slack-water  navigation  which 
exists  for  the  42J  miles  of  this  interval  is  maintained  for  25  miles,  more  or  less,  above  Carthage  by  a  dam  at  that 
place,  and  for  the  remaining  distance  by  two  low  dams  a  few  miles  apart.  In  low  water  boats  are  locked  around 
the  ends  of  these  latter,  but  in  high  water  are  run  over  their  crests;  no  power  is  used  at  either.  The  navigation 
over  this  section  is  small  in  amount  and  is  mainly  for  the  transportation  of  lumber. 

At  Carthage  an  important  amount  of  manufacturing  is  sustained  by  the  power  which  the  river  affords,  and  is 
mainly  grouped  about  the  state  dam  at  the  head  of  the  falls.  The  river  is  there  wide,  with  a  bed  of  solid  rock 
having  a  considerable  dip  to  the  northward,  in  which  direction  the  stream  also  runs.  Below  the  dam  the  channel 
is  divided  by  a  great  many  islands,  varying  much  in  size,  low  and  rocky,  and  between  which  the  river  courses  in 
rapids  and  falls,  w'ith  a  width  between  banks  amounting  in  places  to  1,000  or  1,500  feet.  From  tlie  crest  of  the 
state  dam  to  the  foot  of  Decatur  island,  4,600  feet  below,  there  is  a  descent  of  65  feet. 

The  dam  is  a  timber  structure,  resting  throughout  upon  rock ;  the  overflowis  about  770  feet  long,  and  not  more 
than  7  feet  high  at  the  highest  point.  As  slack-water  navigation  terminates  here,  the  only  canals  leading  from  the 
pool  are  those  conveying  water  for  power.  But  in  order  that  the  level  above  the  dam  shall  not  become  too  much 
reduced  by  the  draughts  for  the  mills,  the  withdrawals  of  water  from  the  pool  are  comfielled  to  he  made  over  weirs, 
or  "drops",  as  they  are  called,  at  either  end  of  the  dam,  CO  feet  in  length  and  2  feet  lower  than  the  crest.  The 
amount  of  water  available  for  manufacturing  at  the  upper  mills  is  therefore  restricted  to  what  will  ])ass  over  these 
weirs.  But  on  either  side  of  the  river  there  are  numerous  concerns  employing  this  water  and  running  very  wasteful 
wheels.  In  low  stages  of  river  they  draw  down  the  races  and  connecting  flumes  faster  than  the  weirs  can  supply 
them,  the  working  head  becomes  greatly  reduced,  and  much  trouble  is  experienced. 

On  the  east  side  of  the  river  power  is  used  as  follows:  An  independent  flume  carries  water  to  a  small  shingle- 
mill,  while  the  main  race  supplies  seven  different  establishments.  The  principal  of  these  are  the  works  of  the 
Carthage  Iron  Company,  production  15  tons  per  twenty-four  hours  when  running,  but  which  were  shut  down  in  the 
latter  part  of  November,  1882 ;  and  the  machine-shop  aud  foundery  of  Kyther  &  Pringle,  giving  employment  to  28 
hands.  The  other  concerns  are  of  small  or  moderate  size,  and  comprise  two  flouring-  and  grist-mills,  one  of  4  and 
one  of  3  runs,  a  saw-mill,  a  furniture-shop,  and  a  wool-carding  shop.    The  fall  obtained  is  7  or  8  feet. 

By  means  of  four  sections  of  dam  extending  out  from  the  shore  and  from  one  island  to  another,  a  second  level 
is  formed  below  and  entirely  independent  of  the  one  just  described,  and  commanding  sufficient  water  to  supply,  on 
the  main  bank,  the  works  of  the  Empire  Steam  Pump  Manufacturing  Comi)any,  employing  14  hands,  and  having  a 
fall  of  9  or  10  feet;  and,  on  an  island,  the  tannery  of  Messrs.  Dickerman  &  Reed,  having  6  feet  of  fall  and  250 
estimated  horse-power  of  wheels.    Thi.s  latter  firm  tans  from  15,000  to  16,000  hides  yearly. 

Perhaps  a  quarter  of  a  mile  farther  down  stream  a  rude  crib-work  dam,  with  a  maximum  height  of  not  over  5 
feet,  is  extended  along  from  an  island  some  distance  parallel  to  the  adjacent  east  bank,  the  water  being  retained 
next  that  bank,  which  is  low,  by  a  dike  of  loose  stone  with  plank  facing.  The  water  then  enters  a  wooden  flume 
and  runs  say  250  feet  to  the  Carthage  Pulp  Works,  where  a  fall  of  9  feet,  and  3  wheels  with  an  aggregate  of  about 
120  horse-power,  are  in  use.    The  production  of  the  mill  is  IJ  ton  per  day. 

A  little  farther  down,  a  portion  of  the  flow  of  the  main  stream  is  again  confined  between  the  east  bank  and  an 
island,  by  means  of  a  dam  not  more  than  80  or  90  feet  long  running  out  between  them,  and  on  the  main  bank  is 
Branaugh's  tannery,  with  a  fall  of  10  or  11  feet,  employing  18  hands. 

An  eighth  of  a  mile  below,  the  islands  come  to  an  end,  the  river  has  a  single  broad  channel  with  gravelly  rapids 
for  a  couple  of  hundred  feet,  and  is  then  smooth  watei-.  At  the  foot  of  the  falls  the  ininiediate  banks  are  from  10 
to  15  feet  high,  alluvial  on  the  east  side,  and  sandy  on  the  west,  though  some  rock  is  displayed  there. 

On  the  west  side  of  the  river  the  main  race  from  the  dam  is  coniinued  as  a  wooden  flume  7  feet  deep  and 
decreasing  in  width  from  about  20  to  about  8  feet.    The  head  ranges  from  9  feet  near  the  dam  to  14  feet  or  more 
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toward  the  end  of  tbe  flume.  Power  is  utilized  by  a  number  of  small  mills  and  shops,  including  two  saw-mills,  a 
3-ruii  flouriugmill,  a  tanuery,  and  shops  for  the  manufaeture  of  tubs  and  pails,  sashes  and  blinds,  and  cabinet- ware; 
the  tirm  of  H.  D.  Farrar  &  Sou  employs  14  hands,  and  turns  out  an  average  of  about  200  butter-tubs  daily. 

Succeeding  this  fall  is  a  privilege  on  the  same  side  of  the  river,  owned  by  M.  P.  Mason.  A  timber  dam  6  or 
7  feet  high  and  some  300  feet  long  runs  out  to  an  island,  and  gives  a  fall  at  the  mills  on  the  main  shore  ranging 
from  7-i  to  11  feet,  according  to  position  along  the  race.  The  power  is  employed  to  operate  a  2-set  hosiery-mill, 
2  shops  for  making  map-rollers  and  duster  handles,  one  of  them  having  a  planing-mill  in  connection;  and  a  shop 
for  the  mauufacture  of  sounding-boards  and  other  piauo  materials.  One  good  site  still  remains  vacant,  and  another 
can  be  made  available  by  prolonging  the  race  a  little  way,  at  both  of  which  a  moderate  amount  of  permanent 
power  can  be  realized. 

On  the  levels  opening  out  from  either  end  of  the  state  dam  there  is  no  chance  for  a  further  use  of  permanent 
power.  Even  now  the  supply  of  water  is  sometimes  short  in  the  dry  season,  and  if  it  were  sufficient  for  the 
legitimate  needs  of  the  mills,  yet  the  lack  of  deliniteness  observed  in  the  water-leases  would  prove,  to  many,  reason 
enough  for  not  starting  a  new  enterprise.  The  present  manufacturers  are  said  to  have  priority  of  right  to  water  in  a 
low  stage  in  the  order  of  their  leases.  In  those  leases  no  definite  amounts  of  water  are  specified,  but  each  party  is 
allowed  a  right  to  whatever  amount  he  needs  in  his  particular  business.  Thus  water  enough  is  granted  to  supply  a 
gristmill  of  a  certain  number  of  runs,  or  a  sawmill,  or  a  cabinet-shop.  In  practice  each  mill-owner  draws  all  the 
water  he  can  get,  up  to  the  limit  of  his  wants,  and  disputes  are  frequent. 

But  a  privilege  established  independently  below  the  upper  mills  has  a  great  advantage;  It  will  receive  a  certain 
proportion,  according  to  position,  of  the  tail- water  from  those  mills,  and  at  nearly  all  times  there  is  also  a  wastage 
over  the  cres't  of  the  state  dam,  the  benefit  of  which  will  also  be  gained.  There  seems  to  be  no  opportunity  for 
developing  such  a  privilege  adjacent  to  the  east  bank ;  but  below  Mason's  privilege,  on  the  west  side,  there  are  fine 
sites  which  might  easily  be  improved.  Similar  chances  also  exist  among  the  islands  out  in  the  stream.  Thus  at 
the  end  of  the  island  on  which  Dickerman  &  Eeed's  tannery  is  located  there  are  falls  with  a  descent  of  10  feet  in 
200,  and  sever&l  feet  more  could  be  obtained  by  starting  a  little  farther  up  stream.  The  powers  realized  at  such 
sites  would  of  course  vary  in  size  according  to  the  fall  and  the  proportion  of  the  river's  flow  commanded,  but 
probably  very  little  difficulty  would  be  experienced  in  obtaining  them  of  moderate  amount.  The  current  is  so  rapid 
among  the  islands  that  the  freshet-rise  is  small,  amounting  to  but  2  or  3  feet. 

Estimate  of  power  at  Cartilage. 


Stage  of  river. 

KAISFALLON  BASIK.(a) 

Natural 

drainage 

area. 

Flo-w 

per  second, 

,  average 

for  the  24 

hours. 

Total  eflfectiva 
horse-power 

Spring. 

Summer. 

Atttumn. 

Winter. 

Tear. 

of  ■wheels  in 
use. 

Inches. 

1  • 

Inches. 
10 

Inches. 

Inches. 

Inches. 
39 

Sq.  miles. 
61,741.^ 

Cubic  feet. 
1,000 
1,250 
1,350 

1  foot  fall. 
113.6 
142.0 
153.4 

m  feet  fall. 
6,250 
7,810 
8,440 

Low  water,  average  year 

12                 8 

\        '     1, 120± 

a  Roughly  estimated ;  no  data  for  accurate  determination. 


b  Effective  drainage  area  in  dry  season,  1,466  square  miles  (see  page  5). 


From  Carthage  to  Great  Bend,  10  miles  by  river  below,  there  are  no  dams,  though  the  fall  is  considerable. 
Between  the  former  point  and  Madame  De  Ferriet's  bridge  Rawson's  dam  was  formerly  located,  but  was  carried  out 
by  a  spring  ice-freshet  aibout  1870.  The  dam  was  a  log  structure  IC  feet  high,  well  pinned  together,  filled  in  with 
stone,  and  part  of  the  way  bolted  to  bed-rock.  The  power  was  used  in  a  small  saw-  and  shingle-mill.  By  a  low 
dam  at  the  head  of  the  rapids,  and  a  flume  say  600  feet  long,  a  fine  power  could  be  developed  here,  and  the  banks 
are  well  suited  to  such  improvement. 

At  Great  Bend  the  river  is  only  60  or  80  feet  wide,  with  high  precipitous  banks  on  the  north  side,  and  is 
controlled  by  a  log  dam  built  on  rock  and  varying  iu  height,  but  at  the  highest  point  measuring  about  14  feet, 
which  is  also  the  extreme  head  obtained  at  the  mill.  Two  wheels,  with  an  aggregate  of  150  or  160  horse-power,  are 
run  by  the  Great  Bend  Paper  Company,  manufacturer  of  hanging-paper,  of  which  it  produces  an  average  of  3  tons 
per  day.  The  company  controls  the  whole  privilege,  has  abundance  of  water  for  its  own  needs,  and  also  a  large 
surplus. 

Below  Great  Bend  the  river  runs  quite  straight  and  with  a  fair  amount  of  fall  on  toward  Felt's  Mills,  2^  miles 
below.  The  banks  along  this  section  are  vertical  walls  of  rock.  At  Felt's  Mills  an  island  forms  two  channels^ 
across  each  of  which  is  a  dam,  the  longer  section,  that  across  the  south  channel,  being  a  log  structure  13  or  14  feet 
high  above  foundation  and  in  the  neighborhood  of  175  feet  long.  The  north  channel  is  about  175  feet  wide  at  the 
road  bridge,  but  is  not  used  for  power.  On  the  island  there  is  a  small  saw-  and  shingle-mill,  and  C.  C.  Veber's 
tannery,  at  which  about  8,000  hides  are  tanned  yearly.  Three  water-wheels  are  run  under  a  head  of  9  feet.  -On  the 
south  side  of  the  river  is  B.  Felt's  gristmill,  3  runs,  fall  8  or  10  feet;  and  Eoberts  &  Flagg's  factory  for  making 
ax-helves  and  other  handles.    At  this  establishment  four  hands  are  employed  usually,  and  from  10,000  to  12  000- 

423 


THE  REGION  TRIBUTARY  TO  LAKE  ONTARIO. 


II 


dozen  ax-helves,  and  half  that  number  of  other  handles,  arc  turned  out  yearly.  Mill  creek  einj)ties  into  the  flume 
on  that  side  of  the  stream,  and  though  it  carries  but  little  water  in  summer,  is  fed  by  springs,  and  kcei)S  tlie  grist- 
mill race  free  from  ice  in  winter  by  the  warmth  of  its  waters. 

At  Black  River,  7  miles  by  road  above  Watertown,  the  river  is  divided  by  islands  iiito  two  principal  channels. 
Two  islands,  one  below  the  other,  are  joined  by  a  short  section  of  dam,  and  each  island  is  connected  with  one  of  the 
banks,  the  whole  stream  thus  being  controlled.  The  principal  section  of  dam  is  across  the  right  branch,  and  is  a 
log  structure  13  feet  high,  from  200  to  250  feet  in  length,  and  presenting  an  angle  u])  stream.  The  bed  of  the  river 
is  solid  rock,  with  a  sudden  pitch  of  several  feet  below  the  dam.  A  wooden  flume  extends  from  the  latter  600  or  800 
feet  down  the  right  bank  and  sui)plies  three  concerns  with  water  ibr  power,  while  others  are  located  on  the  opposite 
bank  and  on  one  of  the  Islands.  The  fall  from  the  top  of  the  dam  to  the  surface  of  the  ])Ool  below  is  about  10  feet. 
At  this  pi-ivilege,  as  at  others  on  the  river,  water  is  not  economically  used,  and  in  low  stages  there  is  no  waste  on 
the  dam.  The  principal  manufacture  here  is  of  chairs,  in  which  two  firms  are  engaged;  pine  is  obtained  from 
Canada,  and  hard  wood,  mainly  beech  and  maple,  from  the  vicinity  of  Black  Eiver.  Poor,  Dexter,  &  Co.  manufacture 
rockers  and  folding-chairs,  using  a  fall  of  10  feet,  and  two  wheels  of  30  or  40  horse-power  each.  They  give  em])loyuient 
to  25  hands,  and  turn  out  20,000  chairs  per  year.  D.  H.  Scott  &  Son  employ  10  hands  in  putting  together  stock  made 
by  the  above  firm,  using  a  fall  of  12  feet,  and  40  or  50  horse-power.  D.  Dexter's  Sons  also  manufacture  chairs,  their 
mill  having  been  started  in  1839;  they  employ  35  hands,  and  their  production  amounts  in  value  to  about  $35,000 
per  year.  The  firm  of  J.  S.  &  E.  E.  Graves  makes  bent  stock  and  chair-backs,  and  employs  12  hands.  There  is 
also  a  4-run  flouring-mill  here,  and  a  cabinet-shop,  blacksmith-shop,  and  shingle-mill  use  small  powers. 


Estimate 

of  power 

at  Blade  River. 

stage  of  river. 

Natural 

drainage 

area. 

Flow 

per  second, 

average 

for  the  24 

hours. 

Theoretical  horse- 
power. 

Effective 

horse  power 

of  wheels 

in  use. 

• 

Sq.  miUt. 
\   01,794. 

(Mm  feet 
1,040 
1,200 
1,390 

IfootfaXl. 

iiai 

146.5 
»7.9 

^9fett/all. 
1,890 
2,340 
2,630 

\       265  ± 

ATaiiable  10  months,  average  year. . . 

a  Effective  drainage  area  in  dry  season,  1,519  square  miles  (see  page  5). 

A  short  distance  below  the  village  there  is  an  unoccupied  privilege,  formerly  in  use  for  a  wood-working  shop 
employing  a  few  hands.  The  dam  was  about  11  feet  high,  but  in  January  of  1878  or  1879  an  ice-gorge,  formed  at 
some  point  above  and  coming  suddenly  down,  carried  the  structure  away.  The  privilege  is  owned  by  Messrs.  John 
W.  Huntington,  of  Mexico  village,  and  G.  W.  Pennock,  of  Chaumont,  and  is  held  for  sale.  The  banks  are  smooth 
sloping  faces  of  Isle  la  Motte  marble,'  on  which  ordinary  freshets  rise  8  «r  9  feet  above  low  water,  and  high  ones  10 
feet.  The  old  dam  was  located  at  the  top  of  a  pitch  of  several  feet,  below  which  rapids  extend  to  falls  to  be 
described.    A  small  wooden  building  still  stands  on  the  left  bank. 

A  little  farther  down  another  fall  begins,  and  in  600  or  800  feet  there  is  a  descent  of  about  15  feet,  mainly  in  a 
single  steep  pitch  in  the  upper  portion.  Below  this  fall,  and  not  more  than  one-half  or  three-quarters  of  a  mile  from 
the  Black  Eiver  mills,  there  are  three  falls,  300  or  400  feet  apart,  and  covering  together  a  descent  of  about  15  feet  as 
shown  by  pocket-level.  The  river  is  here  from  75  to  125  feet  in  width,  the  banks  are  15  or  20  feet  high  and  composed 
of  shelving  rock,  and  the  site  is  in  every  way  an  excellent  one. 

The  surrounding  country  in  this  section  has  a  fertile  dark-colored  soil,  is  moderately  timbered,  and  is 
characterized  by  long  slopes  and  a  generally  level  appearance.  The  stream  is  somewhat  divided  by  islands,  and 
there  are  three  of  large  size  between  Black  Eiver  village  and  Huntingtonville,  a  few  miles  below.  From  a  point  a 
mile  or  a  mile  and  a  half  below  the  former,  down  to  the  latter  village,  there  are  now  and  then  slight  ripples,  but  the 
fall  is  small,  and  the  right  bank  is  low  not  far  above  Huntingtonville.  At  that  locality,  a  small  village  of  scattered 
houses  say  2  miles  above  Watertown,  power  was  formerly  used  in  a  sawmill  and  in  a  scythe  and  ax  factory.  A 
large  island  of  90  acres  divides  the  river  into  two  channels,  both  of  which  were  dammed.  The  main  channel  is  to 
the  left  of  the  island,  with  a  width  of  perhaps  from  200  to  250  feet.  The  old  dam  was  11  feet  high,  but  when  the 
state  reservoir  in  the  upper  waters  failed  some  14  or  15  years  ago,  the  structure  was  carried  out,  together  with  the 
adjacent  buildings,  and  a  large  body  of  sand  was  washed  off  from  the  bank,  leaving  a  wide  shelving  surface  of 
rock  exposed.  There  is  a  rapid  in  the  river  opposite,  but  the  site  does  not  appear  to  be  a  favorable  one  for  a  dam 
of  much  height.    The  privilege  is  said  to  be  owned  by  Frederick  Emerson,  of  Watertown. 

Power  at  Watertown. — The  section  of  river  now  to  be  described  is  far  the  most  important  and  valuable  in  the 
whole  course  as  regards  water-power.  The  stream  has  here  reached  substantially  its  maximum  volume,  and  in  the 
^  miles  within  the  city  limits  falls  over  120  feet,(a)  measured  from  the  top  of  the  falls  at  the  new  pump- works  to  a 

a  In  1875  a  survey  was  made  of  this  section  of  Black  river  for  the  Watertown  Manufactnrera'  Aid  Association,  and  the  fall  within  the 
city  limits  was  reported  as  111.75  feet.  There  is  leason  to  believe,  however,  from  measurements  which  were  made  with  a  pocket-level, 
that  the  fall  between  Diamond  (or  Dramand)  island  and  the  new  pump-works  may  have  been  incorrectly  determined,  and  the  entire  fall 
within  the  city  may  be  estimated  to  be  as  much  as  122  feet.  .on 
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point  about  5,500  feet  below  Taggart  &  Davis'  dam.  Watertowu  is  admirably  situated  in  the  midst  of  a  rich 
agricultural  section,  with  deposits  of  the  very  best  of  iron-ore  near  at  hand,  with  a  ridge  of  limestone  passing 
directly  through  the  city  and  supplying  a  superior  flux  for  the  reduction  of  ore,  with  lumber  easily  to  be  obtained 
from  the  pine  forests  of  Canada  and  the  adjacent  counties  to  the  eastward  in  New  York  state,  and  with  an  abundance 
of  brick  and  stone  iinmediately  accessible.  The  city  itself  is  the  most  charming  one  in  this  portion  of  the  state, 
and  in  1880  had  a  population  of  about  10,700.  It  is  distant  13  miles  by  rail  from  Sackett's  Harbor,  on  lake 
Ontario,  and  has  good  facilities  of  communication  with  the  principal  cities  of  the  United  States  and  the  coal-fields 
of  Pennsylvania.    The  distances  by  railroad  from  a  few  prominent  points' are  as  follows: 

Mail  distances  from  Watertown. 


Terminal  points. 

Distance. 

Koute. 

/ 

Miles. 
325 
330 
182 
187 
225 

244 

234 

236 

248 

Via  the  Eome,  Watertown,  and  Ogdensburg,  and  Ifew  Tork  Central  and  Httdaon  Kiver  railroads. 

Do 

Via  the  Dtica  and  Blaet  Elver,  and  New  York  Centfal  and  Hudson  Kiver  railroads. 

Watertown  to  Albany 

Via  the  Eome,  Watertown,  and  Ogdensbnrg,  and  New  Tork  Central  and  Hudson  Eiver  railroads. 

Do 

Via  the  TTtica  and  Black  Eiver,  and  New  Tork  Central  and  Hudson  Kiver  railroads. 

Watertown  to  BofTalo 

Via  the  Eome,  Watertown,  and  Ogdensburg  railroad  to  Charlotte,  and  thence  through  Eochester  by 

Do 

the  New  Tork  Central  and  Hudson  Eiver  railioad. 
Via  the  Eome,  Watertown,  and  Ogdensburg  railroad  to  Syracuse,  and  thence  by  the  New  Tork  Cen- 
tral and  Hudson  Eiver  railroad. 

Via  the  Eome,  Wateitown,  and  Ogdensburg  railroad  to  Eome,  and  thence  by  the  Delaware,  Lacka- 
wanna, and  Western  railroad. 

Via  the  Eome,  Watertown,  and  Ogdensburg  railroad  to  Syracuse ;  thence  to  Binghamton  by  the  Syra. 

cnse,  Binghamton,  and  New  Tork  raUroad,  and  thence  to  Sorauton  by  the  Dehiwaie,  Lackawanna, 

and  Western  railroad. 
Via  the  Utica  and  Bla«k  Eiver,  and  Delaware,  Lackawanna,  and  Western  railroads. 

Do , 

Do 

The  leading  manufactures  of  the  city  by  water-power  are  of  paper  and  pulp,  spring-wagons,  buggies,  sewing- 
machines,  force-pumps,  vacuum-brakes,  steam-engines,  and  general  machinery;  wg-ter  is  also  pumped  for  the  city 
supply  by  power  from  the  river.  There  are  5  flouring-  and  grist-mills,  one  pearl-barley  mill,  several  tanneries,  mostly 
of  small  size,  two  small  woolen-mills,  in  addition  to  which  moderate  powers  are  utilized  for  the  manufecture  of  lamps, 
furniture,  locks,  sashes,  doors,  blinds,  cabinet-ware,  boots  and  shoes,  and  bakers'  goods.  The  first  use  of  the  river 
for  power  at  this  point  is  said  to  have  been  made  in  the  year  1802J  when  a  grist-mill  was  built  opposite  Beebee's 
island.  lu  1808  the  manufacture  of  paper  was  introduced,  and  in  1814  that  of  cotton  and  woolen  goods.  Although 
it  is  claimed  that  wool  is  easily  obtained,  that  the  water  of  Black  river  is  particularly  well  adapted  to  cleansing  it, 
and  that  from  Memphis  and  other  shipping  points,  via  Chicago  and  the  great  lakes,  "  cotton  can  be  landed  cheaper 
in  Watertown  than  it  can  be  in  New  York  city",(a)  yet  enterprises  for  the  manufacture  of  goods  from  those  materials 
have  hitherto  been  unfortunate  here,  no  less  than  seven  having  been  initiated  between  the  years  1814  and  1836,  of 
which  none  probably  have  now  any  existence,  and  the  only  present  representatives  of  those  branches  of  industry 
are  two  small  woolen-yarn  mills,  with  two  sets  of  machinery  each.  Considering  the  natural  resources  and  demands 
of  the  surrounding  region  and  the  opportunities  for  reaching  more  distant  markets,  the  location  of  the  city  would 
seem  especially  suited  to  the  manufacture  of  pulp  and  paper,  and  the  more  finished  articles  in  wood,  leather,  and 
iron— such,  for  instance,  as  agricultural  and  dairying  implements,  boots  and  shoes,  and  machinery. 

The  122  feet,  more  or  less,  of  fall  occurring  within  the  limits  of  Watertown  is  naturally  separated  into  a  number 
of  successive  privileges,  as  follows : 

1.  Iinmediately  above  the  upper  boundary  of  the  city  a  large  island,  which  for  convenience  may  be  called  the 
Water-works  island,  divides  the  river  into  two  branches,  whiph  again  unite  from  nearly  opposite  directions  upon 
the  boundary,  at  the  head  of  a  natural  barrier  of  rock  which  now  opposes  the  passage  of  the  stream  and  causes 
abrupt  falls  of  about  14  feet,  increased  within  a  short  distance  by  rapids  to  16  feet.  Above  this  locality  the  left 
bank  is  low  and  flat,  and  a  dam  at  the  head  of  the  falls  would  submerge  a  considerable  tract  of  good  meadow-land; 
but  the  privilege  has  been  easily  and  simply  improved  by  blasting  a  race-way  through  the  rock  on  the  south  shore 
from  the  top  of  the  falls  to  the  pump-house,  thereby  commanding  an  ample  supply  of  water  for  the  power  needed. 
A  he'avy  masonry  bulkhead  and  wing- walls  guard  off  freshets  and  ice.  Two  duplex  double-acting  plunger-pumps, 
18  by  36  inches  in  size,  are  run  at  a  speed  of  20  revolutions  per  minute,  lifting  water  175  feet  to  a  distributing  reservoir 
There  are  also  pumps  on  each  of  the  lower  island  privileges,  supplying  the  same  reseryoir.  At  the  privilege  being 
described  two  water-wheels,  6  feet  2  inches  in  diameter,  manufactured  by  E.  D.  Wood  &  Co.,  of  Philadelphia  are 
run  under  a  head  of  10  feet.  There  is  at  all  times  a  large  surplus  power  at  these  falls,  which  probably  could  be 
utilized  to  the  best  advantage  by  running  a  branch  race  or  flume  from  the  present  one  to  some  point  below  the 
pump-house.  The  cutting  of  an  independent  race,  or  an  extension  of  the  present  one,  would  be  through  rock,  and 
on  that  account  expensive.  There  is  no  other  building  than  the  pump-house  in  the  vicinity,  on  either  bank,  so  that 
abundance  of  building-room  remains. 
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2.  From  the  above  privilege  to  the  Lead  of  Diamond  (or  Dramaud)  island,  a  distance  of  2,C0O  feet,  there  is  a 
fall  which  is  probably  not  far  from  12  feet,  increased  by  2  feet  in  the  succeeding  2,000  feet  to  the  crest  of  the  upper 
dam  at  Sewall's  island,  or  say  a  total  of  12  or  14  feet,  entirely  unemployed.  Below  the  water- works  falls  and  rapids 
there  begins  a  stretch  of  smooth  water,  succeeded  by  a  descent  of  about  6  feet  in  600  or  800  feet  as  indicated  by 
pocket-level.  There  is  then  a  short  interval  of  rapid  water,  and  below  it  follow  an  abrupt  pitch  and  rapids,  together 
covering  another  fall  of  6  feet -in  COO  or  800,  and  extending  nearly  to  slack- water.  Here,  as  indeed  along  the  entire 
course  of  the  river  through  Watertown,  the  bed  and  banks  are  of  solid  limestone  rock,  the  latter  in  this  vicinity  lO' 
or  15  feet  high  above  low  water.  The  power  above  Diamond  island  could  very  easily  be  developed  by  a  dam  at  the 
main  fall  near  the  head  of  the  island,  or  by  a  dam  in  two  sections  running  out  from  either  shore  to  the  island  itself. 
The  banks  are  of  good  height  there,  suitable  for  building,  but  not  yet  built  upon  at  all, 

3.  Eleven  hundred  feet  below, the  foot  of  Diamond  island  is  Sewall's  island,  which  again  gives  rise  to  two 
channels ;  frofa  points  near  the  head  and  foot  of  this  island  sections  of  dam  have  been  thrown  across  to  the  adjacent 
banks,  thus  forming  two  falls  opposite  the  island.  From  the  crest  of  the  upper  dam  to  the  crest  of  the  lower, 
the  fall  as  shown  by  the  survey  of  1875  is  15  feet.(a)  Of  the  privilege  on  the  north  branch  the  Davis  Sewing 
Machine  Company  owns  one-fourth,  the  Sewall  estate  one-fourth,  and  the  Eemington  Paper  Company  the  balance 
above  that  belonging  to  four  vacant  lots  on  the  north  main  bank  which  together  control  three-thirteenths  of  niue- 
tenths  of  the  flow  of  the  branch j  estimated  as  equivalent  to  perhaps  100  effective  horse  power.  Of  the  privilege 
on  the  south  branch,  the  Watertown  Paper  Company  owns  one-eighth  and  the  Eemington  Paper  Company  the 
remainder. 

On  the  north  main  bank  of  the  river  the  only  use  of  power  is  at  the  Remington  Paper  Company's  pulp-mill^ 
where  a  head  of  13J  fieet  is  obtained  and  635  horse-power  of  wheels  are  run.  A  wooden  flume  11  feet  wide  and  8  feet 
deep  runs  several  hundred  feet  along  the  bank,  past  the  vacant  sites  already  referred  to,  on  which  are  a  couple 
of  old  wooden  buildings  once  used  for  some  kind  of  manufacturing,  but  now  unoccupied,  and  one  of  them  in  ruins. 
On  the  island  are  the  principal  works  of  the  Eemington  Paper  Company,  manfacturing  news  printing-paper,  of  which 
the  production  is  about  9  tons  per  day.  Including  the  pulp  mill  on  the  main  shore,  about  1,000  horse-power  of 
wheels  are  run ,  from  which  full  capacity  can  be  realized  eight  or  nine  months  in  the  year.  There  are  also  the  extensive 
works  of  the  Davis  Sewing  Machine  Company,  which,  in  an  article  upon  the  manufactures  of  Watertown,  published 
in  1876,  was  stated  to  employ  175  hands  and  to  have  manufactured,  in  1875,  $300,000  worth  of  machines;  and  also 
the  Watertown  Paper  Company's  mill,  at  which  is  made  the  same  variety  of  paper  as  by  the  Eemington  company. 
The  two  sections  of  dam  belonging  to  this  privilege  have  a  combined  length  of  roll-way  of  from  350  to  400  feet,  on 
which  the  extreme  freshet-rise  amounts  to  about  9  feet.  Backwater  sometimes  causes  a  stoppage  of  the  Eemington 
mills,  and  also,  it  is  presumed,  of  the  other  works,  for  as  much  as  a  week. 

4.  At  the  lower  privilege  at  Sewall's  island  the  fall  from  the  crest  of  the  dam  to  the  foot  of  the  island  is  13 
feet,  increasing  to  19  feet  at  the  crest  of  the  dam  at  Beebee's  island.  The  fall  actually  utilized,  however,  at  the 
mills  does  not  exceed  12  or  14  feet.  The  property  on  the  north  main  bank  is  owned  by  the  Watertown  Spring 
Wagon  Company,  but  no  power  is  used  there  and  the  ground  is  vacant.  On  the  island  side  of  the  adjacent  channel 
a  short  timber  flume  conveys  water  to  the  large  works  of  the  Bagley  &  Sewall  Company,  where  150  horse-power 
of  wheels  are  run  under  a  head  of  12  feet.  This  company  has  a  foundery,  and  manufactures  general  iron-work  and 
machinery,  and  especially  force-pumps ;  it  employs  125  hands,  and  turns  out  2,500  tons  of  cast-iron  work  yearly.  The 
principal  use  of  power  from  the  lower  falls  at  Sewall's  island  is  from  the  south  channel,  on  the  adjacent  main  bank, 
where  a  long  timber  flume  supplies  a  number  of  mills  and  factories,  two  or  three  of  which  are  of  very  important  size. 
The  most  prominent  among  these  are  the  Watertown  Spring  Wagon  Company's  works,  enjoying  a  first  right  to 
suflacient  water  for  5,000  spindle-power,  and  actually  using  a  fall  of  14  feet,  and  200  horse-power.  The  business 
is  very  extensive,  and  is  conducted  in  a  main  building  283  by  55  feet  in  plan,  and  a  new  building  100  by  112  feet, 
both  four  stories  high.  In  1881  this  company  shipped  4,000  wagons.  Power  is  transferred  from  the  wheel  to  the 
main  factory  by  a  shaft  175  feet  long. 

Next  in  importance  is  the  factory  of  the  H.  H.  Babcock  Buggy  Company,  using  a  fall  of  12  feet,  and  probably  125 
horse-power.  The  main  building  is  250  by  40  feet  in  size.  One  hundred  hands  are  employed,  and  in  November, 
1882,  8  or  10  buggies  were  being  manufactured  per  day,  the  establishment  having  a  capacity  for  turning  out  20  in 
that  time.  Farwell  &  Ehimes'  flouring-mill  has  3  runs  of  stone  and  10  sets  of  rollers,  with  a  capacity  for  grinding 
a  car  load  of  corn  and  150  barrels  of  flour  daily.  Besides  these  larger  concerns  power  is  also  employed  by  a  2-run 
pearl-barley  mill  and  a  bakery.  Three  small  tanneries  and  a  wood-working  shop  were  also  observed,  but  they 
appeared  to  be  doing  but  little  work.  With  the  present  mode  of  development  the  power  on  this  channel  is  all 
utilized,  and  there  is  little  or  no  opportunity  to  obtain  reliable  power  for  further  manufacturing.  In  some  years 
there  is  sufiicient  water  throughout,  while  in  others  a  scarcity  exists  for  one,  and  even  two  months.  The  flume, 
ordinarily  containing  8  or  10  feet  depth  of  water,  is  sometimes  drawn  down  by  the  mills  so  that  toward  the  foot  it 
does  not  contain  more  than  2  feet. 

5-6,  At  Beebee's  island,  which  is  2,300  feet  below  Sewall's,  there  are  grouped  a  large  number  of  manufacturing 
concerns  of  varying  size  and  importance.    Here,  as  above,  there  are  two  channels,  separated  by  the  island,  and 

a  The  Eemington  company  states  its  fall  as  17  feet,  possibly  gained  by  the  use  of  brackets  on  the  dam.  ^^^ 


14 


WATER-POWER  OF  THE  UNITED  STATES. 


Fig.  3.— Falls  at  Beebee's  island. 


the  stream  is  confined  within  a  gorge,  with  vertical  rocky  sides.  Ledges  of  rock  in  the  north  or  main  channel  form 
natural  falls,  at  the  head  of  which  is  a  timber  dam  not  over  10  feet  high  at  the  highest  point,  and  running  out 
thence  on  the  rocks  of  the  island  with  a  height  of  only  a  foot  or  two  for  nearly  half  its  length.  At  the  suspension 
bridge  just  below  the  falls  this  channel  has  a  low- water  width  of  about  90  feet,  and  a  high-water  width  of  probably 
135  feet.     From  the  crest  of  the  dam  to  slack-water  a  little  below  the  island  the  descent  is  35  feet,  which  in  the 

north  channel  is  at  present  uninterrupted  by  a  second  dam,  but 
in  the  south  channel  is  by  that  means  divided  into  an  upper  fall 
of  20  feet,  and  a  lower  of  15  feet. 

On  the  north  main  bank  water  is  conveyed  three  or  four 
hundred  feet  from  the  dam,  a  short  distance  in  a  rock  cut,  and 
the  remainder  of  the  way  in  a  timber  flume  8  or  10  feet  wide  and 
5  or  6  feet  deep.  The  principal  concerns  using  power  are  the 
Watertown  Steam  Engine  Company,  manufacturer  of  portable 
and  stationary  engines,  employing  a  fall  of  18  feet  and  a  100 
horse-power  wheel  from  which  the  power  is  transferred  by  a 
shaft  200  feet  long;  the  Watertown  woolen-mills,  running  2  sets 
of  machinery  on  yarns,  and  Allingham  &  Oc,  employing  25  hands 
in  the  manufacture  of  boots  and  shoes.  There  is  also  a  4-run 
grist-mill,  a  sash-,  door-,  and  blind-shop,  a  small  furniture-shop, 
and  a  small  file-shop.  With  the  single  exception  noted,  the  falls 
in  use  range  from  8  to  14  feet  with  full  flume.  No  other  power 
is  nsed  from  this  channel,  but  the  right  is  owned  by  certain 
parties  to  build  another  dam  and  use  the  remainder  of  the  fall 
(presumably  15  feet)  as  is  done  in  the  south  channel.  It  is  a 
valuable  privilege,  being  in  the  business  part  of  the  city  and 
but  1,000  feet  from  the  public  square. 

On  the  south  side  of  the  island  there  is  at  the  head  of  the 
ialls  a  heavy  masonry  bulkhead  and  wall,  shutting  off  from  the 
ctfannel  and  flume  below  all  water  except  that  allowed  to  pass 
through  the  gates.  This  wall  is  about  275  feet  long,  6  feet  wide  on  top,  and  rises  12  feet  above  the  water  in  the 
pond,  opposing  an  effectual  barrier  to  freshets  and  ice.  Water  is  admitted  through  six  gates,  each  opening  about 
5  feet  wide  in  the  clear,  into  a  timber  flume  having  at  the  bulkhead  a  width  of  about  45  feet  and  a  depth  of  8 
feet.  Power  is  utilized  on  the  south  main  bank  by  Knowlton  Brothers,  manufacturers  of  glazed  medium  papers, 
production  3  tons  per  day,  and  employing  at  least  300  horse-power  of  wheels  under  heads  ranging  from  11  to  15 
feet;  at  I.  A.  Graves  &  Co.'s  flouring-mill,  having  5  runs  of  stone,  a  full  line  of  rollers,  and  using  a  fall  of  16  feet, 
with  about  250  horse-power  of  wheels ;  by  the  Hitchcock  Lamp  Company,  employing  60  hands;  and  by  several 
other  establishments  of  small  size,  comprising  a  cabinet-shop,  a  machine-shop,  a  sash-,  door-,  and  blind-shop,  and 
a  shop  for  filing  saws.  On  the  island  side  of  this  upper  fall  there  is  an  old  ax  factory,  now  unoccupied;  G.  Lord's 
foundery  and  machine-shop  and  manufactory  of  agricultural  implements,  using  12  feet  of  fall  and  employing  15  or 
20  hands ;  a  sash-,  door-,  and  blind-shop,  and  a  city  water- works  pump. 

The  tail-water  from  these  various  mills  is  discharged  into  the  south  channel,  along  which  they  are  located,  and 
which  is  mainly  taken  up  with  the  head-race  or  flume,  and  passing  under  the  latter  is  collected  in  a  small  basin 
constituting  a  second  level  and  formed  by  a  second  dam.  There  are  rapids  below  the  dam,  and  the  mills  are  not 
placed  so  as  thoroughly  to  utilize  the  fall.  From  this  level  are  supplied  the  Eames  Vacuum  Brake  Company, 
having  two  100  horse-power  wheels  working  under  a  head  of  12  feet,  and  one  wheel  of  50  horse-power  under  a  head 
of  26  feet,  combining  both  falls;  also  a  furniture  factory,  a  6-run  flouring-  and  grist-mill,  and  a  planing-mill. 

7.  Three  thousand  feet  below  Beebee's  island,  but  yet  within  the  city  limits,  there  is  still  another  power  in 
use.  The  dam  is  a  crib-work  structure  with  rollway  280  feet  long,  and  is  14  feet  high.  The  timbers  are  6  by  10 
inches  in  cross-section  and  the  back-slope  is  30  feet  long.  The  dam  was  built  in  1879,  at  a  cost  stated  to  have  been 
$3,000.  Wooden  flumes  extend  down  each  bank  from  the  dam,  and  supply,  on  the  north  side,  the  mill  of  Taggart 
Brothers,  manufacturers  of  news-paper  and  of  flour-bags.  Poplar  and  spruce  are  here  ground  for  wood-pulp,  while 
rope  is  used  for  bagging-material.  The  works  have  a  capacity  of  5  tons  of  finished  product  per  day,  use  about 
800  horse-power,  and  give  employment  to  50  men.  On  the  opposite  bank  of  the  river  there  are  a  3-run  flouring-  and 
grist-Tnill,  J.  S.  Eobinson's  2-set  yarn-mill,  and  A.  M.  Farwell's  tannery.  Probably  these  three  concerns  do  not 
together  use  more  than  120  horse-power,  leaving  a  large  amount  unemployed,  for  which  there  is  suitable  and 
abundant  bnilding-room.  The  fall  on  this  privilege  is  stated  to  be  14  feet,  which,  according  to  Hinds'  survey, 
covers  the  descent  from  the  crest  of  the  dam  to  the  railroad  bridge,  1,200  feet  below. 

8.  From  the  railroad  bridge  to  the  lower  boundary  of  the  city,  4,300  feet  down  stream,  there  is  a  farther  fall 
of  8f  feet,  entirely  unimproved, 
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Each  fall  or  sectiou  of  the  river,  in  its  course  through  Watertown,  bas  now  been  described.  It  is  impossible  to 
say  just  how  much  power  still  remains  unemployed  and  available  for  manufacturing,  or  how  much  would  be  available 
iY  the  mills  now  running  were  all  supplied  with  the  best  machinery  and  with  economical  wheels ;  if  they  were  so  located 
as  to  employ  all  the  water  at  each  privilege  under  the  full  head,  instead  of  under  various  lesser  falls  as  is  now  the 
case;  and  if  the  water  were  used  without  leakage  at  dams,  in  flumes,  and  in  penstocks.  An  estimate  will  be 
presented,  however,  of  the.  total  power  of  the  river  here,  accompanied  by  a  statement,  based  on  the  returns  of  the 
census  enumerators,  of  the  power  of  wheels  in  use,  from  which  some  idea  can  perhaps  be  formed  of  the  amount  still 
idle.  To  recapitulate,  it  may  be  said,  in  brief,  that  at  the  Water-works  privilege  there  is  a  fall  of  16  feet  and  an 
important  amount  of  surplus  power ;  that  Ibeufc  to  Diamond  island  there  is  sny  12  feet  of  fall  entirely  unimproved; 
opposite  the  upper  end  of  Sewall's  island  a  fall  of  from  15  to  17  feet,  the  power  of  which  is  thoroughly  utilized 
in  low  stages  of  river,  although  on  the  north  main  bank  there  are  several  vacant  sites,  together  entitled  to  about 
20  per  cent,  of  the  flow  in  the  adjacent  channel;  opposite  the  lower  end  of  Sewall's  island  an  immediate  fall  of 
12  or  14  feet,  increasing  to  19  feet  beyond,  though  only  the  first-mentioned  amount  is  actually  employed  (at  this 
privilege  the  power  in  the  south  channel  is  thoroughly  utilized,  but  there  is  a  considerable  surplus  in  the  north 
channel,  probably  several  hundred  effective  horse-power) ;  opposite  Beebee's  island  a  descent  of  about  35  feet,  in 
two  falls,  with  15  feet  of  this  in  the  north  channel  unimproved  and  constituting  a  very  valuable  privilege ;  3,000  feet 
down  stream  a  fall  of  14  feet,  largely  improved,  but  still  offering  surplus  power  on  the  south  bank ;  and  thence  to 
the  western  boundary  of  the  city  an  uninii>roved  fall  of  8|  feet. 

The  undeveloped  falls  are  sufQcient  in  themselves  to  warrant  a  large  increase  in  the  already  extensive 
manufacturing  of  this  flourishing  city,  but  at  the  older  and  more  thoroughly  utilized  privileges,  such  as  those  at 
Beebee's  island  and  opposite  the  foot  of  Sewall's  island,  the  rights  to  water  are  in  a  peculiar  and  very  unattractive 
position.  The  occupancy  of  these  privileges  dates  far  back  in  the  century,  and  by  the  original  owners  rights  were 
deeded  in  the  most  vague  and  indettnite  manner  possible.  It  was  assumed  that  the  power  of  Black  river  was  equal 
to  all  demands,  and  almost  no  limitations  were  placed  in  the  deeds  conveying  it.  Thus,  on  the  south  upper  level  at 
Beebee's  island,  power  was  granted  "sufBcient  for  a  machine-shop",  "sufficient  for  a  cast-iron  business",  and  so  on. 
The  deed  to  the  Kuowltons,  paper  manufacturers,  was  so  comprehensive  that  according  to  a  literal  reading  they 
could  claim  the  entire  flow  of  the  river.  By  the  deeds  the  various  grantees  were  holden  for  certain  proportions 
of  the  dam,  as  regards  expense  of  maintenance,  and  this  was  carried  so  far  that  at  length  it  was  found  that  they 
were  together  responsible  for  four-thirds  of  a  dam.  By  mutual  concessions  serious  disputes  have  been  avoided, 
but  it  is  plain  that  the  claims  to  water  exist  here  on  a  very  unsatisfactory  basis. 

Again,  at  the  south  lower  privilege  opposite  Sewall's  island,  occupied  by  the  Watertown  Spring  Wagon 
Company  and  other  concerns,  the  Black  Eiver  Cotton  &  Woolen  Manufacturing  Company  first  obtained  control  of 
the  power,  and  afterward  deeded  or  leased  portions  to  different  manufacturers,  reserving  5,000  spindle-power,  which 
later  came  into  the  possession  of  the  spring-wagon  company.  The  Black  Eiver  company  leased  to  one  party  water 
"sufficient  to  carry  a  paper-mill",  and  in  another  case  "sufficient  for  a  machine-shop  and  the  necessary  appendages 
of  the  same".  Y.  P.  Kimball  has  water  for  3  runs  of  stone,  or  their  equivalent,  provided  that  sufficient  should 
thereby  be  left  for  the  cotton  factorj'and  any  previous  grants,  subject  to  payment,  if  demanded,  of  one  pepper-corn 
every  July  11  to  the  party  of  the  first  part.  He  is  holden,  to  a  certain  extent,  for  expenses  of  repairs.  In  one 
instance  sufficient  water  was  granted  for  a  bark-mill  and  all  necessary  appendages  of  a  tan-yard ;  in  another, 
sufficient  to  carry  four  carding-machines,  provided  that  enough  should  always  be  left  for  the  cotton  factory,  paper- 
mill,  and  all  other  establishments  previously  given  rights  to  the  water. 

Estimate  of  power  at  Watertown. 
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16  WATER-POWER  OF  THE*  UNITP:D  STATES. 

The  river  below  Waiertown.-Passmg  below  Watcrtown,  the  riveT  presents  numerous  opportunities  for  the 
development  of  large  powers.  The  surrounding  country  is  level  or  very  slightly  hilly,  and  the  river-banks  themselves 
are  generally  succeeded  at  once  by  level  ground,  underlaid  by  limestone  and  admirably  suited  to  building.  The 
rock  is  seainy,  and  might  not  hold  water  well  in  races  unless  calked  in  some  way;  but  timber  flumes,  the  almost 
invariable  mode  of  conveying  water  at  privileges  on  this  river,  are  always  practicable.  The  stream  is  quite  narrow 
in  this  section,  and  rushes  along  with  rapid  fall.  Below  the  city  the  banks  are  for  awhile  gentle  in  rise,  and  are  at 
times  smooth  sloping  ledges  of  limestone.  Farther  down  they  continue  of  solid  rock,  but  rise  abruptly  from  the 
water  from  15  to  25  feet.  Much  of  the  way  i  he  upper  layers  have  been  broken  off  in  immense  fragments,  which  still 
lie  in  place  or  tilted,  while  the  lower  strata,  remain  firm.  Below  the  smooth  sloping  banks  mentioned  there  was 
noticed  in  particular,  and  determined  roughly  by  hand-level,  a  descent  of  from  3  to  5  feet  in  800  feet;  then  a 
continuous  rapid  fall  for  perhaps  a  quarter  of  a  mile,  amounting  to  14  feet,  including  and  terminating  in  a  sudden 
pitch  of  about  4  feet;  then  a  continuous  rapid,  with  a  fall  of  about  7  feet  in  800;  then  a  fall  of  5  feet  in  about 
400,  succeeded  by  slack- water  from  a  dam  half  a  mile  below  and  probably  not  over  2  miles  from  Watertown. 

The  privilege  next  to  be  described  has  recently  been  developed  and  is  a  very  fine  one.  It  extends  an  eighth 
of  a  mile  below  the  present  mill,  and  embraces  a  total  fall  of  probably  45  or  50  feet,  of  which  30  feet  is  actually  in 
use.  It  is  owned  and  employed  by  G.  E.  Eemington  for  the  manufacture  of  news-paper  from  wood-pulp,  the  works 
having  a  capacity  of  4  tons  per  day.  The  dam  extends  from  the  bulkhead  300  feet  in  a  straight  piece  up  stream 
parallel  to  the  adjacent  bank,  and  then  curves  around  toward  the  opposite  shore  with  an  additional  length  of  350 
feet,  making  a  total  overfall  of  650  feet.  It  is  built  of  6  by  10  inch  timbers,  those  running  with  the  stream  inclined, 
and  has  a  back  slope  of  3  base  to  1  vertical.  The  height  ranges,  according  to  the  contour  of  rock  beneath,  from  4J 
to  6|  feet,  and  gives  therefore  an  extreme  width  at  base  of  about  20  feet.  The  bottom  timbers  are  pinned  with  IJ-inch 
pins  to  bed-rock.  The  abutment  at  the  north  end  rises  5J  or  6  feet  above  the  crest,  and  Is  considered  high  enough 
for  all  ordinary  freshets.  In  the  spring  of  1882  the  river  is  said  to  have  been  about  as  high  as  it  often  is,  and  rose  3 
feet  on  the  dam.  The  face  of  the  structure  is  vertical,  and  1  inch  back  from  the  crest,  on  the  upstream  slope,  a 
*  strip  of  J-inch  iron,  1  foot  wide,  runs  the  length  of  the  dam,  and  guards  against  damage  to  the  timber-work  from 
floating  ice  or  other  material. 

The  bulkhead  is  built  of  masonry,  with  two  15-foot  arches  for  the  gate-ways.  It  has  a  length,  measured  to 
the  extreme  ends  of  the  wall,  of  110  feet,  a  width  on  top  of  5  feet,  and  a  batter  of  6  inches  to  the  foot.  Water  is 
admitted  through  the  bulkhead  by  means  of  ten  gates,  6  feet  deep  and  3  feet  wide,  pivoted  in  the  center  at  top  and 
bottom.  Prom  the  bulkhead  water  is  brought  about  200  feet  to  the  wheels  in  a  race  having  an  inside  width  of  30 
feet  and  inclosed  on  the  river  side  by  a  wall  3  feet  wide  on  top  and  battering  about  4  inches  to  a  foot.  It  is  received 
in  a  timber  fore-bay  about  33  by  70  feet  in  size,  and  runs  one  25-inch  and  six  30-inch  Curtis  (Ogdensburg)  wheels. 
These  are  arranged  in  pairs  on  a  horizontal  shaft,  which  is  about  on  the  level  of  the  bottom  of  the  race  and  extends 
into  the  mill  as  the  main  shaft,  without  intermediate  gearing.  The  wheels  are  provided  with  draught  tubes, run  under 
a  head  of  30  feet,  and  have  a  combined  rating  of  about  900  horse-power.  At  the  time  this  privilege  was  visited,  in 
the  latter  part  of  November,  1882,  the  mill  had  been  in  operation  only  about  six  months,  but  during  the  summer  the 
stream  had  been  very  low ;  yet,  as  has  previously  been  stated,  at  the  lowest  stage  then  observed,  with  the  wheels 
running  at  full  capacity,  there  was  a  wastage  of  6  inches  of  water  on  the  dam.  The  banks  are  very  rocky  at  this 
point,  and  1,500  cubic  yards  of  rock  had  to  be  blasted  out  for  the  tail  race.  The  main  mill  is  42  by  106  feet  in  size, 
the  machine-room  32  by  120  feet,  and  the  boiler-house  30  by  42  feet. 

Below  the  Eemington  works  the  gorge  deepens,  the  river  is  in  places  less  than  50  feet  wide,  and  much  of  the 
way  is  hemmed  in  by  walls  of  solid  rock  from  35  to  50  feet  high.  The  descent  is  very  rapid,  and  is  varied  now  and 
then  by  heavy  pitches.  Thus  by  hand-level  one  fall  of  10  or  12  feet  in  500  feet  was  measured,  and  there  were 
other  falls  equally  great  or  greater  both  above  and  below.  The  river  finally  enters  a  still  deeper  part  of  the  gorge, 
where  the  fall  is  very  heavy  and  the  precipitous  banks  rise  50  or  75  feet  high,  and  there  then  succeeds  a  long 
stretch  ®f  smooth  swift  water.  The  surrounding  country  is  v^ry  level,  and  the  channel  of  the  stream  has  been  cut 
down  into  it. 

At  Brownville,  3J  or  4  miles  by  road  below  Watertown,  is  met  the  next  improved  power.  The  stream  is  here 
controlled  by  a  log  dam  about  100  feet  long  and  17  or  18  feet  high.  This  is  a  rough-appearing  structure,  and  is 
very  leaky,  as  are  also  the  fiumes  which  run  from  it  down  each  bank.  The  longer  of  these  is  on  the  right  bank,  and  is 
probably  800  or  1,000  feet  in  length.  The  half  of  the  privilege  on  the  south  bank  is  owned  by  George  Frasier,  and 
is  used  in  part  for  a  6-run  flouring-  and  grist-mill  having  a  fall  of  17  feet,  and  occasionally  in  part  for  a  saw-mill. 
On  the  north  side  of  the  river  the  mill-owners  are  associated  in  the  Brownville  Dam  Company  for  the  purpose  of 
keeping  up  the  dam.  The  Brownville  Tarn  Company  owns  one-quarter  of  the  privilege  on  that  bank,  and  the  mill 
in  which  its  operations  are  carried  on  has  been  therefor  over  fifty  years.  It  has  manufactured  cotton-yarns,  the 
mill  containing  3,000  spindles,  but  the  works  were  not  running  when  visited,  though  expected  to  start  soon. 
A  bead  of  16  feet  is  obtained  at  this  mill,  which  is  the  first  below  the  dam,  and  a  137  horse-power  wheel  is  run. 
There  is  so  much  waste  on  the  privilege  by  leakage  and  otherwise  that  it  is  thought  that  no  more  mills  could  be 
run,  with  a  certainty  of  permanent  power,  than  are  now  accommodated.    Besides  the  cotton  factory,  there  are  on 
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that,side  of  the  stream  Webb's  cabiuet-shop,  employing  4  or  5  bands  and  using  a  CO  borse-power  wbeelj  Sluman's 
flouring-  and  grist-mill,  with  4  runs  of  stone  and  using  14  or  15  feet  of  fall ;  a  good  brick  foundery,  not  in  operation ; 
and  a  straw-board  paper-mill,  wbich  was  found  to  be  shut  down  for  the  winter. 

The  cotton  factory  has  a  preferred  privilege  here.  The  other  concerns  have  rights  to  surplus  water,  though 
the  actual  amounts  are  not  very  definitely  specified.  Although  with  economical  use  of  the  v/ater  much  more 
manufacturing  might  be  sustained,  the  location  as  now  improved  is  not  an  attractive  one,  and  it  is  said  that 
in  some  cases  the  accumulated  taxes  on  unoccupied  sites  are  probably  greater  than  the  latter  would  sell  for  if 
unincumbered.  Opposite  Brownville  the  river-banks  are  less  steep  than  generally  on  tliis  part  of  the  river,  but 
below  the  mills  the  gorge,  shut  in  by  vertical  walls,  which  has  been  noticed  at  Watertowu  and  below,  again  appears. 
As  naturally  might  be  expected,  the  rises  in  such  a  confined  channel  are  at  times  very  great.  Thus  at  the  time  of 
the  failure  of  the  state  reservoir  the  water  is  said  to  have  risen  21  or  22  feet  on  the  crest  of  the  Brownville  dam, 
and  in  the  river  below  to  a  height  of  5  feet  above  the  tops  of  the  flumes.  At  times  floating  ice  chokes  up  the  narrow 
gorge  below  the  mills  and  causes  backwater  to  rise  nearly  to  the  point  of  submerging  the  flumes. 

The  last  power  on  the  river  is  at  the  little  village  of  Dexter,  about  3  miles  below  Brownville  and  less  than  a 
mile  from  the  head  of  Black  Eiver  bay.  The  ravine  which  hitherto  has  shnt  in  the  stream  now  opens  out,  and 
though  limestone  still  appears  in  the  banks  these  are  low,  and  the  dam  sets  back  the  water  over  a  large  extent  of 
land.  Navigation  for  boats  of  5J  or  6  feet  draught  continues  up  to  tbis  point,  and  considerable  lumber  is  brought 
here  by  that  means.  Two  islands  iu  the  river  form  with  each  other  and  the  adjoining  shores  three  channels,  each  of 
which  is  closed  by  a  section  of  dam.  These  sections  arebuilt  of  logs,  and  are  old  and  extremely  rough  iu  appearance. 
The  fall  obtained  is  10  or  11  feet.  A  number  of  concerns  are  supplied  with  power,  some  by  races  and  some  by 
wooden  flumes,  but  uone  of  them  are  of  large  size,  and  there  is  nearly  always  water  going  to  waste  on  the  dam. 
There  are  two  sash-and-blind  factories,  together  employing  some  35  hands  in  the  summer  season  and  using  yearly  from 
1,000,000  to  1,500,000  feet  of  lumber;  two  flouring-  and  grist-mills,  with  3  runs  of  stone  each ;  and  a  small  saw-mill. 
From  the  pool  above  the  dam  a  canal  leads  off  across  the  village  to  a  large  and  fine  stone  mill,  which  was  formerly 
occupied  for  woolen  manufacturing  and  gave  employment  to  300  hands.  This  mill  is  said  to  be  owned  by  New 
York  parties,  and  has  been  shut  down  for  eigiit  or  ten  years.  With  it  is  reported  to  be  controlled  two-thirds  of  the 
entire  flow  of  the  river  at  this  privilege. 

It  will  be  evident,  from  what  has  been  said,  that  Black  river  offers  an  unusually  large  amount  of  available 
water-power;  and  there  can  be  little  question  that,  with  the  advance  of  time,  and  the  increase  of  wealth,  population, 
and  manufacturing  interest  in  this  section,  the  numerous  fine  privileges  will  be  developed  one  after  another,  those 
now  imperfectly  utilized  by  comparatively  unimportant  mills  being  purchased  and  improved  for  larger  enterprises, 
until  the  river  shall  become,  as  it  is  undoubtedly  entitled  to  do,  one  of  the  most  prominent  of  the  eastern 
manufacturing  streams.  Taking  the  fall  from  the  top  of  the  Carthage  dam  to  the  surface  of  lake  Ontario  as  477 
feet,  and  the  mean  volume  for  this  fall,  during  low  water  of  an  ordinarily  dry  year,  as  1,050  cubic  feet  per  second, 
then  the  corresponding  gross  or  theoretical  power  of  the  river  will  be  represented  by  56,900  horse-power,  while  the 
total  rated  effective  or  net  horse-power  of  wkeels  in  use  amounts,  for  the  section  of  river  considered,  to  only  about 
7,800  horse-power.  The  following  table  presents  a  summary  of  the  various  privileges  that  have  been  mentioned,  it 
is  not  8uppos.ed  to  show  in  detail  all  the  available  sites  for  power,  but  only  the  more  prominent  ones,  such  as  were 
brought  especially  to  attention : 

Summary  of  the  principal  water-privileges  on  Black  river. 


• 

1 
1 

1 

EBTIMATED  THEOBETIOAL 
H0BBJS-P0WEB.(6) 

O    P 

■ta 

to  P 

p 

1" 

Hanofiiotnre. 

Locality. 

i 

1 
1 

1. 
1 

Bemarks. 

From  lifortli  Branch  reser- 

Sq. miles. 

Feet. 
692 

327 

644 

9i 
55 

37 
121 

Distance  by  river,  21.6  miles. 

voir  to  crest  of  Forest- 
port  dam. 

From  crest  of  Forestport 
dam  to  crest  of  Lyon's 
Falls  dam. 

Distance  by  liver,  17  miles. 

807 

1,900 

2,640 

3,080 

Privilege  recently  purchased  with 
the  design  of  developing  in  1883 
and  erecting  large  manufactur- 
ing -Hrorka. 

Total  fall  about  69  feet,  of  which  641 

From  foot  of  Lyon's  falls  to 
crest  of  Cartnage  dam. 

Carthage 

feet   is   to   be  developed.    Surplus 
power  for  disposal. 

Fall  distributed  over  42i  mUes.    Not 

1,741 

6,250 

7,810 

8,440 

1,120± 

Machinery,  iron,  pumps,  leather, 
flour,  lumber,  pulp,  hosiery,  and 
various  articles  in  wood. 

available  for  power. 
Fall  occurs  in  4,600  feet.    Numerous 

opportunities    for   further    use    of 
power. 

a  The  effective  drainage  area  in  the  diy  season  is  to  be  considered  as  275  square  miles  less  than  the  figures  here  given  (see  page  5). 
6  Based  upon  average  flow  for  the  twenty-four  hoars. 


435 


18 


WATER-POWER  OF  THE  UNITED  STATES. 
Summary  of  the  principal  water  privileges  on  BlaeTi  rwer— Continued. 


Locality. 


EaiTson's  mill . 


Great  Bend. 
Felt's  Mills. 


f 


Black  Eiver  . 


Within  three.qnarters  of  a 
mile  below  Black  Eiver 
Tillage. 

Huntingtonville 


"Watertown  . 


Sq.  mUes. 
1,750 

1,763 
1,787 

1,794 

1,795 

1,801 

1,816 


Within  3,000  or  4,000  feet 
above  slack-water  from 
Kemington's  dam. 

C.  K.  Bemington's  mill 

Brownville 

Dexter 


Total  from  crest  of  Car- 
thage dam  to  mouth  of 
river. 


Feet. 
16  ± 


14 

•io± 


E6TIMATKD  THEOKETIOAL 
HOESE.POWER. 


I 
|4 


1,830 


1,830 


1,855 


1, 741  to 
1,855 


45  ± 


11  ± 


122 


30  d= 
60  ± 
17  ± 
11 


1,610 
1,170 

1,890 

5,320 

1,300 

14,  550 


IS 
I 


2,270 

2,000 
1,450 


3,610 


6,020 


1,340 


•9  S 


&  o 


2,450 

2,160 
1,570 

2,530 


2,340 

6, 590  7, 110 

1,610 

18,  020 


150-160 
125± 


265  ± 


4,460 
7,440 
2,550 
1,650 


70,440 


Mannfactore. 


Power  once  need  for  saw-  and 
shingle-mill,  but  dam  carried 
oat  by  ice  about  1870. 

Hanging-paper 

Power  used  in  saw-  and  shingle- 
mill,  grist-mill,  ax-helve  fac- 
tory, and  large  tannery. 

Chairs  and  chair  stock  mainly; 

also   flour,    cabinet-ware,    and 

shingles. 
Fall  unimproved 


1,740 
19  400 

4, 675  ± 

4,840 
8,070 

'900 

2,780 

300  ± 

1,810 

265+ 

75,  860 

7,800± 

Power  formerly  used  in  saw-mill, 
and  in  scythe  and  ax  factory, 
but  the  works  and  dam  were  car- 
ried away  when  llie  state  reser- 
voir failed. 

Mainly  paper,  pulp,  spring-wag- 
ons, buggies,  sewing-machines, 
force-pumps,  vacuum-brakes, 
steam-engines,  and  general  ma- 
chinery. There  are  5  flour- 
ing- and.  grist-mills,  1  pearl-bar- 
ley mill,  several  tanneries,  2 
small  woolen-mills,  and  also  va- 
rious other  establishments  for 
the  manufacture  of  lamps,  fnx- 
niture,  locks ;  sashes,  doors,  and 
blinds;  cabinet- ware,  boots  and 
shoes,  and  baker's  goods. 

Fall  unimproved 


Bemarks. 


Between  Carthage  and  MadameDeFer- 
riet's  bridge. 

Production,  3  tons  per  day. 

8,000  Mdes  tanned  yearly  at  TeVer'a 
tannery. 

One  firm  turns  out  20,000  chairs  yearly. 
Three  falls  of  say  15  feet  each. 


Say  2  miles  from  Watertown ;   not  a 
desirable  site  for  a  dam. 


Large  amount  of  unemployed  power 
(see  description). 


Kews-paper  , 


Flour,  lumber,  paper,  cotton-yams, 
cottonbattiug,  and  cabinet  ware. 

Sashes    and   blinds,    flour,    and 
lumber. 


Within  say  2  miles  of  Watertown. 


30  feet  of  fall  actually  developed  and  in 
use.  Production  of  mill,  4  tons  per 
day. 

Cotton-mill  has  3,000  spindles.  Hiy- 
draulic  works  here  are  in  poor  con- 
dition. 

Two  sash-  and  blind-fiictories  together 
employ  about  35  hands  in  summer, 
and  use  from  1 ,000, 000  to  1, 600,000  feet 
of  lumber  yearly.  Two-thirds  of  the 
entire  privilege  belongs  with  a  fine 
woolen-mill,  shut  down  a  numberof 
years  ago. 

Not  all  practically  available. 


a  The  effective  drainage  area  in  the  dry  season  is  to  be  considered  as  275  square  mUes  less  than  the  figures  here  given  (see  page  5).  * 

THE   MOOSE   RIVER. 

This  important  tributary  of  the  Black  river  rises  in  western  Hamilton  county,  within  a  few  miles  to  the 
southwest  and  south  from  Eaquette  lake.  It  is  made  up  by  two  principal  branches,  the  more  northerly  of  which 
receives  the  drainage  from  the  Fulton  chain  of  lakes.  From  the  junction  of  these  branches  the  course  is  westerly, 
until  the  stream  unites  with  the  main  Black  river  just  above  the  state  dam  at  the  head  of  Lyon's  falls.  The  course 
of  Moose  river,  even  to  the  mouth,  lies  through  an  extremely  rugged  valley.  There  is  considerable  logging  about 
the  upper  waters,  and  it  is  estimated  that  an  average  of  7,000,000  or  8,000,000  feet  of  timber,  mainly  hemlock  and 
spruce,  is  annually  floated  down  the  stream.  In  the  30J  miles  from  the  first  lake  of  the  Fulton  chain  to  the  mouth 
of  the  river  there  is  a  descent  of  882  feet,  or  an  average  of  very  nearly  29  feet  per  mile.  The  drainage  basin 
includes  approximately  349  square  miles. 

The  Lyon's  Falls  dam  causes  slack-water  for  a  mile,  more  or  less,  up  Moose  river,  and  then  occur  natural  falls 
almost  as  abrupt  and  easy  to  improve  as  those  on  the  Black  river  below  the  above-mentioned  dam.  At  the  head  of 
these  an  island  forms  two  channels,  across  the  northern  of  which  is  a  low  log  dam ;  the  dam  across  the  south  channel 
is  not  more  than  80  or  100  feet  long,  and  consists  of  loose  stone  piled  up  on  the  ledges,  with  a  plank  facing.  The 
descent  from  the  crest  of  the  dam  to  the  foot  of  the  falls  was  found  by  hand-level  to  bo  about  45  feet.  The  power  is 
utilized  in  Gould's  large  saw-  and  pulp-mill. 

Not  over  a  quarter  of  a  mile  above  Gould's  mill  there  is  a  fine  privilege  occupied  by  the  Herkimer  Paper 
Company  for  the  manufacture  of  wood-pulp,  and  embracing  a  total  fall  of  33  or  34  feet.    The  stream  is  controlled 
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by  a  log  dam,  curving  in  plan,  and  water  is  conveyed  a  short  distance  to  the  mill,  ])art  way  in  a  race  inclosed  by 
a  river- wall  of  stone,  and  part  way  in  a  wooden  ilume.  The  head  employed  is  27  feet,  under  which  are  run  6  wheels 
of  180  horse-power  each,  geared  in  pairs  to  3  shafts.  For  six  or  eight  months  in  the  year  720  horse  power  can  be 
realized,  and  in  the  lowest  stage  of  river  about  31)0  horse-power.  The  dam  is  tight,  the  wheels  are  of  good  pattern, 
and  the  power  is  economically  utilized.  At  the  head  of  the  mill-pond  there  is  another  sudden  fall  of  about  39  feet, 
also  owned  by  the  Herkimer  Paper  Company. 

Some  3  or  4  miles  farther  up  stream  there  are  two  more  developed  powers.  The  lower  is  occupied  by  Shou's 
paper-mill,  and  includes  about  27  feet  of  fall,  though  the  amount  of  fall  or  power  actually  in  use  was  not  ascertained. 
Above  this  privilege  there  is  a  pitch  of  8  or  10  feet,  and  another  of  2  or  3  feet,  before  reaching  a  fall  of  34  feet 
partially  utilized  by  Joel  W.  Ager  in  a  small  mill  for  the  manufacture  of  rag  wrapping  and  straw  papers. 

The  Moose  river  is  subject  to  heavy  freshets,  and  for  about  two  weeks  in  the  year  the  Herkimer  paper-mill  is 
troubled  by  anchor-ice,  though  never  sufifteiently  to  cause  a  stoppage  of  work.  Examination  of  the  stream  was 
•confined  to  a  few  miles  of  its  course  above  the  mouth,  including,  however,  the  most  important  improved  powers, 
and  was  made  November  25,  1882;  at  that  time  the  Hejkimer  company's,  Gould's,  and  Shon's  mills  were  all  using 
:the  entire  flow,  excepting  leakage,  which  was  large  at  the  two  last-mentioned  points. 

Table  uf  utilized  power  on  the  Blach  river  and  tributaries. 


stream. 


Black  river . 


Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do. 
JDo. 

Do. 
Do. 
Do. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

J3o. 
Do.. 
Do. 
Do. 
Do. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Tributary  to  what. 


Lake  Ontario  . 


^Moose    river 
tributaries. 


and 


Do. 
Do.. 
Do. 


Independence  creek 
and  tributaries. 


Beaver  river 
tributaries.  . 


and 


Do- 


do . 

do. 
.do  . 

do. 
.do  . 
.do  . 
.do. 
.do. 

do  . 

do. 

.do. 
.do  . 
.do. 
do  . 
.do  . 
.do. 
..do  . 
..do  . 
..do  . 
..do. 

.do. 
..do  . 
..do. 
..do  . 


...do 

....do  

...do  

...do  

...do  

...do 

.:.do  

...do 

...do  

...do 

Black  river . 


...do. 
...do. 
...do  . 
...do  . 

..  do  . 

...do  . 


state. 


New  York  . 

...do 

...do 

...do 

...do 

...do  

..  do 

..do 


do  . 
do  . 
do 


County. 


Oneida. 
....do  .. 
....d>.  .. 
...do  -- 

...do  ... 

...do  .. 
Lewis  . 
...  do  .. 

...do  .- 

...do  .. 

...do  -. 


Elind  of  mill  or  manu- 
facture. 


Saw 

...do 

Flouring  and  grist 

Funiiture  

Flouring  and  grist 

Tannery 

Agricultural  implements . 

Blacksmithing 

Boots  and  shoes 

Bread,  crackers,  etc 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do  

.do 

do 

.do  ........ 

do  

do 
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.do 
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do 
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do  . 
do  . 
do  . 
do  . 
do. 

do  . 
do. 
do. 
do. 

do  . 

do  . 


Cairiages-iud  wagons,  and 
materials. 

Cotton 

rUe-sbop 

Flouring  and  grist 

F'urniture  

Hosiery 

Iron- works    

Lamps  and  reflectors 

Lumber,  planed  

Machinery 

Paper     (including  wood- 
pulp). 

Piano  materials  

Sashes,  doors,  and  blinds. . 

Saw  


Sewing  .  machines     and 
materials. 

Shingles 

Tanneries 

Vacuum  brakes 

Water-works  supplied  — 

Wheelwrighting 

Wood  turning  and  carving 

Wooden  handles 

Wooden  ware 

Woolen 

Wool-carding  shop 

Furniture 


Paper 

Saw 

Tannery 
Saw 


Flouring  and  grist. 
Saw  


Feet. 
30 


8-9 
16 


o 
H 

22 

59 

57 

14 

136 


J 

o 
H 


S.P. 

37 
21 
15 
10 
50 
25 
30 
15 


&£ 


B.  P. 


1,439 

312 

40 


30 
20-1- 
428 
3,557 


280 
100 
84 


500 
250 


15 

40+ 


145 
30 


14 

1, 150-1- 

370 

60 

400 

125 

370 


25 


30 


100 


Remarks. 


Bemsen. 
5  Forestport. 

Hawkinsville. 


About    2,300   horse.power  of 
this  is  used  in  Watertown. 
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Table  of  utilized  power  on  the  Black  river  and  tributaries— QonimneA. 


Stream. 


Beaver  river   and 
tribatariee. 

Deer     river     and 
tributaiies. 

Do  

Do  

Do 

Do  

Do 

Do 

Do 

Sundry  tributaries. 

Do 

Do 

Do 

Do 

Do 

Do  

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what. 


Black  river . 


-do- 

.do  . 

do. 

do. 
.do. 

do. 

do  . 

do. 
.  do. 
.do. 

do. 
-do. 
..do. 
.do. 

do. 
.do  . 
-do. 
.do. 
..do. 
..do. 
..do. 
..do. 
..do. 


State. 


ITew  York . 


.do  . 

do  . 

do  . 

do  . 

do  . 

do  . 
.do  . 
.do  . 
.do  . 

do  . 

do. 

do 

do  . 

do. 
.do. 
.do  . 

do  . 

do. 
.do  . 
.do. 

do. 

do. 

do. 


County. 


Lewis  . 


do 


...do 

...  do 

...  do 

...do 

...do 

...do 

..do 

...  do 

...do 

...do , 

...  do  

...do 

,...do 

...do 

Jefferson  . 

...do 

....do 

Oneida 

...do 

...do 

...do 

Herkimer - 


Kind  of  mill  or  manu. 
faoture. 


Tanneries 

Agricultural  implements. 

Blacksmitbing 

Cooperage 

Flouring  and  grist 

Furniture  * 

Sashes,  doors,  and  blinds. 

Saw 

Tannery 

Flouring  and  grist 

Sashes,  doors,  and  blinds. 

Saw 

Tanneries 

"Wheel  wrighting 

"Wooden  packing-boxes. . 

Woolen 

Flouring  and  grist 

Furniture 

Saw 

Flouring  and  grist 

Saw 

Tanneries 

"Wooden  ware 

Saw 


3 


Feet. 
29 

20 

8. 
26 
45 
16 

8 

132 

14 

229 

58 

426 

13+ 

9 
10 

9+ 
28 
14 
20 
28 
146 
42 

7 
20 


H.P. 
115 


34 


30 

160 

10 

10 

292 

8 

380 

26 

753 

130 

15 

30 

12 

36 

10 

18 

30 

358 

90 

8 

18 


a 


H.P. 


40 
25 


25 


20 


Bemarks. 


IL— THE  OSWEGO  EIVER  AND  TRIBUTAEIES. 

Drainage  areas. 

Square  miles. 

Seneca  river 3,447 

Oneida  river 1,421 

Oswego  river  belo"w  junction  of  Seneca  and  Oneida  rivers 4,868 

Oswego  river  at  mouth _ 5  015 

THE  OSWEGO  ElVER. 

A  large  part  of  western  central  New  York  is  drained  by  this  important  river  and  its  tributaries.  The  main 
stream  is  formed  some  12  miles  northwest  of  Syracuse  by  the  union  of  the  Seneca  and  Oneida  rivers,  whence  its 
course  is  northwesterly  to  Oswego,  where  it  empties  into  lake  Ontario.  The  length  by  river  from  the  junction  at 
Three-Eiver  Point  to  the  mouth  is  about  20J  miles.  The  drainage  basin  along  this  interval  embraces  only  a  narrow 
strip  of  country,  level  or  moderately  rolling;  but  above  the  junction  of  the  Seneca  and  Oneida  rivers  it  spreads  out, 
attaining  an  extreme  width  to  the  east  and  west  of  about  100  miles,  and  to  the  north  and  south  of  between  70  and 
80  miles.  From  the  low  and  level  lands  which  border  lake  Ontario  there  is  a  gradual  rise^  south  of  the  Seneca 
river,  to  north-andsouth  ridges,  which  separate  the  various  lakes  of  that-  region,  and  extending  farther  south 
become  merged  in  the  still  more  elevated  country  lying  along  the  southern  water-shed  of  lake  Ontario. 

The  country  naturally  tributary  to  the  Oswego  river  is  one  of  splendid  resources,  is  quite  thickly  settled,. 
contains  important  cities  and  many  flourishing  villages,  and  is  threaded  by  a  network  of  water  and  railroad 
transportation  routes.  In  common  with  the  northern  part  of  the  United  States  generally,  it  is  more  or  less  overlaid' 
l|y  drift  materials— sand,  gravel,  clay,  and  bowlders;  but  the  decomposition  of  native  rocks  has  produced  as 
unusually  rich,  productive  soil,  yielding  largely  in  the  various  grains,  and  also  finely  suited  to  dairying,  wool- 
growing,  and  stock-raising.  There  is  an  abundance  of  the  best  of  building-stone;  gypsum,  and  rock  for  both  quick- 
lime and  water-lime,  are  extensively  quarried,  and  in  Onondaga  county  are  the  valuable  salt  springs  so  largely 
utilized  in  the  vicinity  of  Syracuse. 

Perhaps  the  most  striking  feature  of  the  district  under  consideration  is  its  remarkable  collection  of  beautiful 
lakes,  adding  greatly  to  the  attractiveness  of  this  part  of  the  state,  and  of  especial  importance  to  navigation  and 
manufacturing  interests.    Proceeding  from  west  to  east,  the  principal  lakes  are,  in  order,  Oanandaigua,  Keuka  or 
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Orooked,  Seneca,  Cayuga,  Owasco,  Skaneateles,  and  Oneida.  These  seven  include  a  water-surface  of,  approximately, 
280  square  miles,  increased  by  the  four  lesser  lakes.  Cross,  Onondaga,  Otisco,  and  Cazenovia,  to  about  295  square 
miles.  The  larger  of  these,  Oneida,  Cayuga,  and  Seneca,  are  utilized  for  steam-towing  navigation,  having  water 
connection  with  the  Erie  and  Oswego  canals.  More  or  less  freight  is  transported  over  Keuka  and  Canaudaigua 
lakes  in  steamers,  while  Owasco,  Skaneateles,  Otisco,  and  Cazenovia  are  controlled  by  state  dams  and  act  as 
feeders  to  the  Erie  canal.  On  glancing  at  a  map  of  this  region  the  eye  is  at  once  struck  by  the  peculiar  shape  and 
position  of  nearly  all  these  lakes.  With  the  single  noteworthy  exception  of  Oneida,  they  are  long  and  narrow  and  have 
a  general  northand-south  direction;  or,  more  accurately,  they  are  spread  out  like  rays,  their  coutses,  if  extended, 
intersecting  from  40  to  60  miles  northward,  iu  lake  Outarlo,  or  in  Prince  Edward  county  on  its  northern  shore. 

Cayuga  and  Seneca  lakes  are  particularly  noticeable  for  their  depth  and  for  the  abrupt  slopes  of  their  beds. 
The  correspondence  of  the  rock  strata  on  opposite  shores,  and  other  facts,  indicate  that  the  depressions  were  hollowed 
out  by  some  very  powerful  action  of  nature.  In  a  paper  upon  the  geological  history  of  these  two  lakes,(rt)  Dr. 
Charles  W.  Foote  elaborates  the  view  that  they  first  occupied  depressions  previously  eroded  by  the  action  of  an 
inland  sea  which  extended  to  the  northward,  and  formed  into  basins  as  the  land  gradually  rose;  and  that  these 
basins  were  subsequently  scooped  out  and  much  deepened  by  glaciers  moving  southerly.  There  is  also  much 
evidence  to  show  that  at  some  period  they  had  their  outlets  toward  the  south,  to  the  Susquehanna,  but  by  the 
removal  of  barriers  at  their  northern  extremities  reversed  their  flow.  As  noticed  by  Dr.  Foote,  their  beds  are,  in 
the  deepest  places,  from  50  to  100  feet  below  the  level  of  tide-water. 

Principal  lakes  in  the  drainage  basin  of  the  Oswego  river. 


Name  of  lake. 


Elevation  of 
water-sur- 
face   above 
mean  sea- 
leveL 


Authority  for  elevatiOD. 


Area  of 
water-sur- 
face. (6) 


Total  drain- 
age area 

above  outlet 
of  lake. 


Bemarks. 


Oneida  lake. 


Feet. 
369. 78 


State  oanal  profiles. 


Square  miles. 
80.90 


Cazenovia  lake  . . . 


French's  Oazetteer  0/  New  York. . 


Seneca  lake. 


443.07 


State  canal  profiles  . 


Keuka  or  Crooked 
lake. 


Cayuga  lake  - 


Ganandaigua  lake. . 


Owasco  lake . 


Skaneateles  lake. 


Onondaga  lake, 
otisco  lake 


Cross  lake . 


720.07 


380.07 


687.50 


707.  00 


860.25 


361. 00 
389.00 

772. 00 


.do. 


do. 


Ordinary  low  water  by  profile  of 
Northern  Central  railroad. 


Old  survey. 


French's  Gazetteer  of  New  York. 


French's  Gazetteer  0/ New  York .  \ 
Charles  W.  Foote j 

French's  Gazetteer  of  New  York... 


Squaremites. 
1,  300. 0 


9.0 


66.00 


707.0 


2a  80 


60.76 


18.60 


12.40 


15.10 


187.0 


1,  693.  0 


175.0 


208.0 


84.0 


4.10 
4.00 


267.0 
34  4 


Greatest  estimated  depth,  60  feut.  Sariace  ireezes  eutiiely  over, 
nsaally  by  January  ].  Lake  changes  but  slightly  in  level  dar- 
ing the  year.  Used  for  eteam-towing  navigation.  Outlet  16 
miles  long,  with  a  fall  of  about  8  feet,  and  is  practically  of  no  value 
for  power. 

Outlet  (Chittenaugo  creek)  25^  miles  long,  with  a  total  fall  of  about 
630  feet  to  Oneida  lake.  At  Chittenango  Falls  there  is  an  abrupt 
pitch  of  136  feet,  and  there  is  an  entire  fall  of  470  feet  in  the  OJ 
miles  from  Cazenovia  lake  to  the  state  feeder-dam,  where  the 
storage  from  the  lake  is  diverted  to  the  Erie  canal.  The  creek 
is  used  to  a  moderate  extent  for  power,  mainly  by  flouring-  and 
paper-mills.    Area  of  flowage  is  as  shown  ou  canal  map. 

34  miles  long  and  from  1  to  2^  miles  wide.  Ordinary  range  from 
high  to  low  water,  from  2  to  2J  feet ;  extreme,  from  4  to  5  feet. 
Temporary  oscillations  of  a  foot  or  two  due  to  winds  and  tides  are 
claimed  to  occur.  Deepest  sounding  obtained  up  to  1880  was  580 
feef.  Scarcely  ever  does  any  ice  form,  except  a  slight  skim  occa- 
sionally near  the  extremities.  Utilized  for  navigation.  Outlet 
(Seneca  river)  falls  6'^  feet  to  C;i.\iiga  lakf,  and  is  largely  em- 
ployed for  power  at  Waterloo  and  Seneca  Falls.  Thence  to  the 
junction  with  Oneida  river  the  only  use  of  power  is  at  Baldwins- 
ville. 

Some  freighting  and  passenger  traffic  earned  on  by  olcameis. 
Lake  is  surrounded  b.y  hills.  Over  much  of  its  extent  the  depth 
exceeds  200  feet.  Annual  variation  from  high  to  low  water  5  or 
6  feet,  with  extreme  of  9  feet.  Outlet  falls  277  feet  in  6  or  8  miles 
to  Seneca  lake,  and  is  used  for  power  by  several  flouring-mills. 

Used  for  navigation,  and  nearly  alwaj-e  free  from  ice  except 
within  9  or  10  miles  of  the  foot.  Ordinary  range  from  high  to 
low  water  about  3  feet,  with  extreme  of  7  feet.  Deepest  sound- 
Ing,  435  feet.  Drainage  basin,  exclusive  of  Seneca  outlet,  813 
square  miles.  Area  of  flowage  measured  on  map  prepared  by 
students  of  Comoll  university. 

Commonly  freezes  over  in  part.  Some  freighting  carried  on  over 
its  surface.  Depth  estimated  to  be  as  great  as  150  feet  in  the 
deeper  portions,  but  is  shallow  toward  the  head  and  foot.  Out- 
let lalls  287.5  feet  in  26  miles,  to  Lyons,  and  is  used  at  various 
points  for  manufacturing. 

Annual  range  between  high  and  low  water  r.bout  5  feet.  Tempo- 
rary oscillations  of  several  inches,  and  even  a  foot,  are  caused 
by  winds.  Surface  freezes  over  usually  by  February.  The  state 
has  a  dam  at  the  foot  of  tho  lake,  and  another  9  miles  below  on 
the  outlet,  by  the  latter  of  which  water  is  diverted  to  the  Erie 
canal.  The  total  fall  in  the  outlet  is  330  feet,  .mrt  a  large  amount 
of  power  is  in  use,  chiefly  at  Auburn. 

Has  a  narrow  basin  and  is  .surrounded  by  high  hills.  Is  usually 
frozen  over  from  January  till  April.  Deepest  sounding,  3;0  feet. 
Tides  claimed  to  occur,  and  sudden  oscillations  duo  to  winds 
also  notice  d.  Level  highest  in  spring  or  early  summer,  and  low. 
est  toward  the  close  of  tho  year.  Outlet  about  13  miles  long, 
with  a  iall,  to  the  feeder-dam,  of  450  feet,  utilized  by  numerous 
mills,  and  offering  many  unimproved  sites.  Uontrolled  by  the 
sta;e  for  feeding  tho  Eiie  ean.tl. 

Greatest  depth  stated  as  05  feet.    No  power  on  outlet. 

Water  diverted  from  outlet  (Nine-Mile  creek)  at  Camillue  for 
feeding  the  Erie  canal.  Outlet  has  a  fall  of  361  feet  to  the  feeder- 
dam,  and  is  employed  for  power  by  a  considerable  number  of 
mills.    Area  of  flowage  measured  on  can.il  m.-^p. 

Mere  enlargement  of  yeneca  river. 


a  Notes  vpon  the  Geological  History  of  Cayvga  and  Seneca  Zalces. 


b  Measured  on  French's  map  of  New  York,  excel  t  '^here  otherwise  stated. 
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The  iuflueuce  of  the  lakes  upon  the  Oswego  river  is  of  the  utmost  importance  in  contributing  to  the  steadiness 
of  its  Aow  The  conditions  affecting  it,  aside  from  the  presence  of  these  natural  reservoirs,  are  not  favorable  to 
uniformity  The  country  drained  is  underlaid  to  a  considerable  extent  by  permeable  rocks— shales,  sandstones, 
and  limestones-its  surface  has  been  quite  thoroughly  cleared  of  timber,  settled,  and  drained  in  the  processes  of 
cultivation,  and  the  rainfall  is  rather  light.  Even  as  it  is,  the  discharge  at  times  falls  as  low  as  1,150  or  1,250 
cubic  feet  per  second  at  Oswego,  or  only  from  0.23  to  0.25  cubic  foot  per  second  per  square  mile  of  effective  drainage 
area,  although  the  ordinary  summer  flow  is  stated  upon  good  authority  to  be  twice  as  great.  On  the  other  hand, 
the  flood  volume  runs  as  high  as  between  16,000  and  17,000  cubic  feet  per  second  in  ordinary  floods,  and  even  rises 
to  between  41,000  and  42,000  cubic  feet  per  second  in  an  excessive  flood. 

No  record  could  be  found  of  any  long-continued  series  of  measurements  of  the  discharge,  but  the  following 
data  may  be  taken  as  reliable  guides  to  the  amounts  of  water  flowing  in  low  and  in  high  stages  of  river : 

1.  By  a  decree  of  the  supreme  court,  dated  August  21, 1875,  in  the  case  of  Michael  J.  Gummings  against  owners 
and  lessees  of  wafer  on  the  Yarick  canal  at  Oswego,  it;  was  assumed  as  follows  concerning  the  amount  of  water 
flowi'ng  to  this  canal,  which  receives  one-half  the  surplus  of  the  river  above  the  needs  of  navigation:  (1)  "That 
the  average  flow  of  water  from  the  Oswego  river  into  the  Varick  canal  in  low  water  in  the  summer  months  is  about 
45,000  to  50,000  cubic  feet  per  minute",  making  the  whole  flow  of  the  river  say  from  90,000  to  100,000  cubic  feet  per 
minute  (from  1,500  to  1,670  cubic  feet  per  sec(md).  (2)  "That  in  extreme  low  water  in  the  summer,  and  which 
usually  occurs  in  the  months  of  July  or  August,  it  is  about  35,000  cubic  feet  per  minute"  (70,000  cubic  feet  for  the 
whole  flow  of  the  river,  or  1,170  cubic  feet  per  second).  (3)  "That  the  average  flow  for  the  whole  three  summer 
months  is  about  75,000  cubic  feet  per  minute"  (150,000  cubic  feet  for  the  whole  flow  of  the  river,  or  2,600  cubic  feet 
per  second). 

2.  It  is  stated  by  Charles  Ehodes,  esq.,  of  the  Oswego  Canal  Company,  a  gentleman  who  has  given  much 
observation  and  study  to  hydraulic  questions  connected  with  this  river,  that  (1)  in  an  ordinary  flood  the  discharge 
at  Oswego  is,  in  round  numbers,  1,000,000  cubic  feet  per  minute  (from  16,000  to  17,000  cubic  feet  per  second)j  (2)  in 
a  large  flood,  1,500,000  cubic  feet  per  minute  (25,000  cubic  feet  per  second) ;  (3)  in  an  excessive  flood,  2,500,000  cubic 
feet  per  minute  (from  41,000  to  42,000  cubic  feet  per  second). 

3.  In  the  Annual  Report  of  the  State  Engineer  and  Surveyor  for  the  year  ending  September  30,  1879,  an 
estimate  is  m'ade  of  the  supply  of  water  available  for  navigation,  in  which  it  is  assumed  that  the  Seneca  river  may 
be  relied  upon  for  54,000  cubic  feet  per  minute,  the  Oneida  river  for  20,000  cubic  feet  per  minute ;  while  the  Oswego 
canal  receives  from  the  Erie  canal  at  Syracuse  10,000  cubic  feet  per  minute,  all  of  which,  not  lost  on  the  way,  is 
discharged  into  the  Oswego  river  via  the  Seneca  river.  In  all,  therefore,  the  Oswego  river  is  assumed  to  receive 
from  74,000  to  84,000  cubic  feet  per  minute  (from  1,230  to  1,400  cubic  feet  per  second). 

Summary  of  data  concerning  the  flow  of  water  in  the  Ostcego  river.  ■ 


Locality. 


Stage  of  river. 


Drainage 

area, 
gross,  (a) 


Flow  per  minute.  (6) 


Flow  per 

■  second  per 

Flow  per  sec-  ;  square  mile 

ond.  I    of  gross 

drainage 

area. 


Authority. 


Oswego ■ 


Three-River  Point 


Average  flow  in  low  water  in  the  summer 
months. 

Extreme  low  water  in  the  summer,  usually 
occuriiug  in  July  or  August. 

Average  flow  for  the  whole  three  summer 
months. 

Ordinary  flood 

Large  flood 

Excessive  flood 

Stage  not  mentioned,  hut  presumahly  a  low 
one. 


Sq.  miles. 


5,013 


Cubic  feet. 
I"     90,  OOO-lOO,  000 

70, 000 

150,  000 

1,  000,  000 

1,  600,  00,0 

2,  500,  000 
74,  000-84,  000 


Cubic  feet. 
1,500-1,670 

1,170 

2,500 

16,  000-17,  000 

25,  000 

41,  000-42,  000 

1,230-1,400 


Cubic  feet. 
0. 30-0.  33 1 

0.23 

0.50, 

3. 19-3.  39 

4.99 

8. 18-8. 38 

0.  25-0.  29 


Volumes  assumed  in  supreme  court 
decree. 


Charles  Bhodes. 


Marvin  Porter,  engineer  of  middle 
division  of  New  York  state 
canals. 


a  Of  which  about  750  square  miles  is  more  or  less  completely  utilized  in  the  dry  season  for  feeding  the  Erie  canal. 

b  The  amounts  here  given  are  in  round  numbers,  the  flow  required  for  lockage,  which  is  in  comparison  small,  being  neglected.    Probably  3,000  cubic  feet  per 
minute,  or  50  cubic  feet  per  second,  wonid  be  a  reasonably  large  average  allowance  for  waste  and  the  demands  of  lockage. 

Various  tributaries  of  the  Oswego  river  are  drawn  upon  to  supply  water  to  the  Erie  canal  during  somewhat 

more  than  half  the  year.     A  certain  proportion  of  this  water  may  ultimately  find  its  way  into  the  main  river,  but 

its  amount  can  not  easily  be  estimated.    An  aggregate  area  of  not  far  from  750  square  miles,  naturally  draining  to 

the  Oswego  river,  is  thus  controlled  and  rendered  partially  tributary  to  the  Erie  canal.    On  the  other  hand,  the 

Chemung  river,  flowing  to  the  Susquehanna,  is  drawn  upon  to  some  extent  for  feeding  down  the  Chemung  canal 

into  Seneca  lake  j  and  the  extreme  head- waters  of  Tioughnioga  creek,  also  naturally  flowing  to  the  Susquehanna, 

are  diverted  for  filling  the  DeRuyter  reservoir,  which  feeds  northerly  down  the  course  of  Limestone  creek  to  the  Erie 

canal. 
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stream. 


Oneida  Creeok 

Cowassalon  creek. 
Chittenango  creek 

Limestone  creek. . 

Butternut  creek  . . 
Nine-Mile  creek  . . 

■Carpenter  licook . . 
Skaneatelos  creek 

Putnam  brook . '. . . 

Spring  brook 

Owaaco  creek 


Location  of  foeder.dam. 


Oneida 

2  miles  westerly  from  Oneida. 
Obiitenango 


Manlius 


4  miles  southeast  of  Syracuse 
Caraillus 


Name  of  canal  level  fed. 


Weedsport  . 
Centerport.. 
Port  Byron  . 


Long  level . 

...  do  

...do  


.do. 


...  do 

Jordan  level . 


2J  miles  cast  of  Jordan do  . 

Jordan do  . 


Port  Byron  love!.. 

...  do 

..-.do  


Niifural 
drainage 
area  con- 
trolled. 


Sq  miles. 
62 
23 
87 


47 

77 


114 

28 

4 
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Ilomnrks. 


Includes  Erievillo  reservoir  and  Cazenovia  lake.  From  the  latter 
down  to  the  feeder-dam,  say  9J  miles,  tbe  stored  waters  are  avail- 
able for  power. 

Commands  in  upper  cour.so  the  storage  of  DeRuytcr  reservoir, 
supplied  by  an  artiliciiil  diverHion  of  water  from  the  bead-waters 
of  Tiougbuioga  creek,  jiutiirally  draining  to  the  Susquebnnna. 
Xhe  drainage  area  given  is  independent  of  the  Tioughnioga. 

Keceives  the  storage  of  Jauesville  reservoir. 

Commands  the  storage  of  Otisco  lake,  the  waters  of  which  are  for 
11  miles,  to  the  feetler-dam,  available  for  power. 


Commands  the  storage  of  Skaneatelos  lake,  the  waters  of  which 
are  for  between  11  and  12  miles,  to  the  feeder-dam,  available  for 
power. 


Commands  the  storage  of  Owasco  lake,  the  waters  of  which  are  for 
sky  9  miles,  to  the  feeder-dam,  available  for  power. 


The  fall  in  the  river  from  Three-Eiver  Point  to  the  average  surface  of  lake  Ontario  is  115  feet,  which  is 
accomplished  partly  at  dams,  partly  in  rapids,  and  at  Oswego  Falls  includes  an  abrupt  pitch  of  several  feet.  The 
Oswego  canal,  striking  off  from  the  Erie  canal  at  Syracuse,  follows  down  the  east  shore  of  Onondaga  lake  to  the 
Seneca  river ;  thence  to  Three-River  Point  and  down  the  Oswego  river,  navigation  is  maintained  by  a  series  of  seven 
dams,  the  slack-water  of  which  is  taken  advantage  of,  while  stretches  of  canal  make  the  descents  around  the  dams 
and  rapids  from  one  pool  to  another.  All  these  dams  have  been  constructed  in  the  most  substantial  manner,  and  are 
owned  by  the  state.  It  having  been  established  by  legal  decision  that  the  surplus  water  at  these  dams  may  be  used 
by  private  parties  to  supply  power  for  manufacturing-purposes,  in  so  far  as  there  is  no  interference  with  navigation 
■or  the  state's  improvements,  a  number  of  extremely  valuable  water-powers  have  thus  been  made  available,  and  at 
four  points — Oswego,  Fulton,  Oswego  Falls,  and  Phcenix — are  now  put  to  use,  and  support  important  manufacturing- 
interests.  The  stream  is,  in  general,  finely  adapted  to  the  convenience  and  security  of  such  employment.  The  bed 
and  banks  are  firm,  the  latter  of  good  height.  The  volume  of  water  is  maintained  with  great  steadiness,  and  there 
is  freedom  from  disastrous  freshets.  On  the  Oswego  dam,  having  a  roll-way  of  530  feet,  the  greatest  freshet-depth 
is  stated  not  probably  to  have  exceeded  6  feet;  and  below  the  Miuetto  dam  the  ordinary  rise  is  only  3  or  4  feet. 
The  whole  surrounding  and  tributary  country  is  prosperous  and  rich  in  resources.  The  best  of  water  communication 
is  enjoyed,  either  by  way  of  the  great  lakes  or  the  Xew  York  state  canals.  The  west  bank  of  the  river  is  followed 
by  the  Oswego  and  Sj'racuse  division  of  the  Delaware,  Lackawanna,  and  Western  railroad,  and  the  east,  below 
Fulton,  by  the  New  York,  Ontario,  and  Western  railroad. 

The  principal  hinderance  encountered  in  using  water-power  on  this  river  is  from  backwater,  caused  either  by 
freshets  or  by  ice.  The  stream  sinks  slowly  from  a  flood-stage,  and  for  from  two  to  four  weeks  considerable  trouble  is 
experienced  at  Phcenix  from  backwater,  with  even  a  forced  stoppage  of  work  in  exceptional  cases,  but  the  wheels 
there  are  said  to  be  generally  designed  to  use  a  large  amount  of  water  under  a  moderate  fall,  to  meet  such  diflaculty. 

.Opposite  the  Varick  canal,  at  Oswego,  the  net  reduction  of  head  in  freshets  does  not  exceed  2i  or  3  feet.  On  the 
lower  river,  so  far  as  can  be  learned,  neither  anchor-  nor  floating-ice  is  especially  troublesome,  but  at  the  former 
site  of  the  "horseshoe  "dam,  between  Oswego  Falls  and  Phoenix,  anchor-ice  collects  and  sets  the  river  back  so  as 
at  times  nearly  or  quite  to  destroy  the" head  at  the  latter  poiut.  A  few  years  ago  the  river  was  in  this  manner  set 
back  for  seven  weeks  over  the  top  of  the  Phcenix  dam.    The  anchor-ice  formed  a  gorge  at  the  "horseshoe"  dam, 

-said  to  have  been  nearly  20  feet  high  in  places,  and  to  have  extended  a  mile  up  stream. (ct)     It  was  generally  considered 

.an-  impracticable  thing  to  clear  the  river  of  this  gorge,  but  by  determined  effort  a  passage  was  cut  through  in  a 

few  hours. 

a  This  is  the  only  locality  that  has  been  brought  to  the  notice  of  the  author,  on  any  stream,  where  extensive  gorges  have  resulted 
from  the  accnmulation  of  true  anchor-ice,  but  careful  inquiries  indicated  that  it  was  this  form  of  ice,  and  not  cake-  or  skim-ice,  which 
^jaused  the  river  to  become  choked  up  at  the  "horseshoe"  dam. 
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Table  showing  elevations  and  fall  of  the  Osicego  river. 


Locality. 

Distance 

from 
mouth, 
map  meas- 
urement. 

Elevation 
of  water- 
surface 
above  mean 
sea-level. 

Fail 
between 
points. 

Distance 
between 
points. 

Fall  per 

mUe 
between 
points. 

Authority  for  elevation. 

mia. 

20.6 
0.0 

Feel. 
361. 93 

346.61 

Feel. 
\     115.32 

Milee. 
20.6 

Feel. 
6.6 

359.88 -feet  +  mean  low  tide  at  Albany.    New  Xork 

state  canal  pioflles. 

.Mean  elevation  from  January  1, 1860,  to  December  31, 
1875,  above  mean  tide  at  New  York,  as  stated  at 
office  of  Chief  of  Engineers,  XT.  S.  army. 

Water-power  at  Oswego.— The  city  of  Oswego,  with  a  population  of  21.000,  is  located  at  the  mouth  of  the  river, 
which  widens  out  into  a  fine  harbor.  The  stream -bed  is  composed  of  low  outcropping  sandstone  ledges,  forming 
rapids  at  the  head  of  which  is  the  state  dam.  This  curves  up  stream  in  plfen,  and  has  a  vertical  face,  a  timber  apron, 
and  heavy  masonry  abutments  rising  6  feet  above  the  crest.  The  main  structure  is  of  stone,  with  spill- way  530 
feet  long,  and  rises  some  12  feet  above  bed-rock.  The  apron  is  about  3  feet  high,  projects  16  feet  down  stream  from 
the  foot  of  the  dam,  and  is  covered  with  timbers  10  inches  thick.  The  east  abutment  is  7  feet  wide  on  top,  and  from 
it  a  wing-wall  of  about  the  same  width  extends  back  to  form  one  side  of  the  navigation  canal,  which  here  opens 
out  from  the  pool  and  passes  around  the  dam  and  rapids.  Under  the  tow-path  of  this  canal  water  enters  the 
Oswego  hydraulic  canal,  running  parallel  to  the  former  and  on  the  inshore  side  of  it,  and  at  a  distance  of  450  feet 
below  the  entrance  is  controlled  by  a  timber  bulkhead  supported  by  three  stone  j)iers,  each  5  feet  wide.  There 
are  13  gates,  with  openings  about  5  feet  4  inches  wide  in  the  clear ;  each  gate  is  worked  by  a  screw  of  about  2  inches 
diameter,  power  being  applied  by  a  lever.  Shortly  above  this  bulkhead  an  additional  gate,  with  an  opening  6  or  7 
feet  wide,  communicates  with  the  navigation  canal." 

The  power  on  this,  the  east  side  of  the  river,  not  already  disposed  of,  is  owned  by  the  Oswego  Canal  Company. 
This  company's  canal  is  about  4,000  feet  long,  has  a  water  depth  of  6  feet,  and  an  average  width  at  water-surface 
of  probably  60  feet;  the  latter  dimension  varies,  however,  and  is  greater  than  60  feet  in  the  upper  part  of  the  canal, 
decreasing  toward  the  lower  end.  With  1-foot  flash-boards  on  the  dam,  the  fall  to  average  lake-surface  may  fairly 
be  stated  as  20  feet;  but  it  varies  with  the  lake-level, (a)  from  month  to  month,  and  from  year  to  year,  and  with 
full  canal  and  low  lake  has  been  known  to  reach  25  feet.  The  fall  in  actual  use  ranges  commonly  from  12  to  20  feet, 
according  to  position  on  the  canal,  the  latter  extending  down  to  the  harbor.  Some  facts  regarding  the  manufacturing 
along  this  canal  are  given  below : 

Ustahlishments  using  power  on  the  Oswego  hydraulic  canal,  November,  1882. 


Firm. 

Kind  of  mill  or  manufacture. 

Remarks. 

Lowest  establishment  on  the  canal ;  capacity  of  elevator,  200,000  bushels. 

Capacity  of  elevator,  225,000  bushels. 

Daily  capacity  of  mill,  500  barrels  of  flour;  storage  capacity  of  elevator,  200,000  bushels. 

Lower  mill,  rollers,  600  barrels  per  day ;  elevator  capacity,  300,080  bushels  j  upper  mill, 
rollers,  SOD  barrels  per  day. 

Capacity  of  elevator,  250,000  bushels. 

Capacity  of  elevator,  230,000  bushels.. 

Capacity  of  mill,  125  barrels  per  day ;  150,000  bushels  of  com  also  ground  yearly  for  meal. 

Smith,  Murdoct,  &  Co 

do     

Penfleld,  Lyon,  &  Co 

C.  C.  Morton 

do 

B.  Doolittle  &Co 

James  McF.irland  &  Co 

Wood-pulp 

C.W.Pardoo i. 

Malt-houso 

Malting  capacity,  125,000  bushels  per  year. 

Oswego  Wood  Pulp  Company.. 
Francis  Perot's  Sons 

Planing-mill,  and  saBhand-blind  factory  . . 

9  sets  of  machinery;  value  of  annual  production,  about  $650,000. 

Oswego  Flux  Company 

Uses  a  fall  of  14  feet'  and  a  wheel  of  about  26  horsepower. 

Scott  &  Nesbit 

Dry-dock 

Lyon  &  Mott 

Malt-house  4  stories  high,  130  by  72  feet  in  plan,  cost  $40,000:  storage  for  60,000  bushels- 
of  grain ;  malting  capacity,  110,000  bushels  of  barley  during  the  season  of  seven  months, 
from-  October  to  May ;  20  horse-powor  wheel,  under  a  head  of  14  feet,  used  for  elevatmg 
and  conveying  the  grain. 

a  From  an  article  by  Charles  Rhodes,  esq.,  of  Oswego,  based  upon  observations  contained  in  the  reports  of  the  Chief  of  Engineers, 
U.  S.  army,  are  taken  the  foUovring  facts :  At  Oswego  there  is  a  range  of  4.76  feet  between  extreme  high  water  of  1838  and  extreme  low 
water  of  1846  and  1848.  Several  different  classes  of  oscillations  occur  in  the  surface  of  the  lake.  The  means  for  successive  periods  of  five 
years  show  a  slow  general  movement,  covering  in  the  progression  from  high  to  low  water,  or  the  reverse,  from  ten  to  twenty  years'  time. 
The  mean  monthly  levels  for  any  one  year  show  a  change  from  high  water,  which  occurs  most  often  in  May  or  June,  though  frequently  in 
July,  to  low  water,  which  is  nearly  always  in  December  or  January.  Sudden  and  unaccountable  variations  of  level  also  take  place. 
Thus,  "for  example,  in  April,  1873,  after  eighteen  months  of  very  low  water,  lake  Ontario  rose  aj  feet  in  about  twenty  days". 
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A  certain  necessary  amount  of  water  is  first  of  all  required  by  the  state  for  its  canal,  and  in  order  to  maintain 
the  slack-water  level  above  the  data  the  pool  is  not  permitted  to  be  drawn  down  more  than  1  foot,  probably  to  the 
stone  crest  of  the  dam;  in  practice  it  is  always  kept  very  nearly  full.  Of  the  water  entering  the  navigation  canal 
a  portion  is  drawn  and  used  by  two  or  three  concerns  on  its  upper  course,  this  being  allowed  by  the  state  in  order 
to  avoid  the  expense  of  culverts  under  the  canal,  which  would  be  necessary  if  the  supply  were  taken  from  the 
hydraulic  race ;  but  culverts  are  also  employed  in  one  or  two  cases.  The  hydraulic  race  was  built  about  1823,  before 
the  navigation  canal.  Below  the  lower  bridge  over  the  river  it  passes  most  of  the  way  under  the  buildings  along 
its  course  and  is  opposite  navigable  water  in  the  stream. 

The  Oswego  Canal  Company  gives  a  999-year  lease  of  water,  but  land  has  to  be  bought  by  manufacturers  from 
other  parties;  much  unoccupied  room,  howqyer,  is  owned  by  an  estate  interested  in  the  company.  On  the  lower 
part  of  the  oaual,  near  the  elevators,  are  two  good  sites,  one  formerly  occupied  by  the  Lake  Ontario  mills,  G  runs, 
aud  the  other  by  a  4-ruu  mill  and  an  elevator.    The  buildings  were  burned  and  the  sites  are  now  vacant. 

A  "run"  of  water  on  this  canal  is  11^  cubic  feet  per  second,  under  the  head  available  at  the  harbor,  say  20 
feet.  There  are  assumed  to  be  32  first  class  runs,  the  annual  rental  for  which  is  $350  per  annum  per  run;  32 
second-class  runs,  at  from  $250  to  $300  per  annum  per  run ;  while  the  balance  are  surplus  runs  and  bring  from 
one-half  to  two-thirds  the  rental  charged  for  first-class  runs.  In  case  of  a  shortage  of  water  the  surplus  runs  would 
first  be  shut  down  successively,  in  order  beginning  witU  the  most  recent  leases ;  then  the  second-class  runs  would 
share  equally  with  one  another  in  a  reduction,  and  finally,  if  necessary,  the  first-class  runs  would  similarly  be  cut 
down.  In  practice  all  the  mills  at  present  on  the  canal  can  run  their  wheels  at  full  capacity  as  many  as  eleven 
months  in  the  year.  November  27,  1882,  there  had  been  leased  on  this  race  30  first-class  runs,  about  15  second- 
class,  and  about  16  surplus  runs. 

Table  shoicing  the  cost  of  water-power  on  the  Oswego  hydraulic  canal.{a) 

[A.  run  is  here  assumed  as  11^  cul)ic  feet  per  second  under  a  head  of  20  feet=26.7  theoretical  horse-power.] 


Assumed 
eflficiency 
of  wheels. 

Cone- 
sposding 
cffeclive 
horse- 
power. 

COST  PEU  EFFECTIVE  HORSE-POWER. 

i 

Assumed 

efficiency 

j  of  wheels. 

Corre- 
sponding 
effective 
horse- 
power. 

COST  PER  EFFECTIVE  HOBSE-POWER. 

I'irst-class 

ruHs  at 

$350. 

Second-class 
rnus  at  from 
$250  to  $300. 

Surplus  runs 

at  from  i  to  § 

first-class 

First-class 

runs  at 

$350. 

Second-class 
runs  at  from 
$250  to  $300. 

Surplus  runs 

at  from  J  to  i 

first-class. 

Per  cent. 
CO 
65 
70 

Per  run. 
16.02 
17.35 
18.69 

$21  85 
20  17 
18  73 

$15  61-$18  73 
14  41-  17  29 
13  38-  10  05 

$10  92-$14  57 
10  08-  13  45 
9  37-  12  49 

Per  cent. 

76 
80 
85 

Per  run. 
20.02 
21.36 
22.09 

$17  48 
10  39 
15  43 

$12  49-$U  99 
11  70-  14  04 
n  02-  13  22 

$8  74-$ll  65 
8  19-  10  93 
7  72-  10  29 

a  See  subsequent  remarks  on  comparative  cost  on  Oswego  and  Varick  canals. 

On  the  west  side  of  the  river  is  the  Yarick  hydraulic  canal,  extending  3,000  feet  down  from  the  state  dam,  but 
necessarily  brought  to  an  end  before  reaching  navigable  water  owing  to  the  abrupt  and  rocky  character  of  the  bank 
and  the  occupation  of  the  ground  by  other  improvements.  It  is  in  general  about  60  feet  wide  in  its  upper  course, 
furnishes  a  fall  ranging  between  10  and  15  feet,  according  to  location,  and  is  utilized  for  manufacturing  as  followsr 

Estahlishmetits  using  power  on  the  Varick  hydraulic  canal,  November,  1882. 


Firm. 


Joseph  Hover 

TiKingsford  &  Son. 
starch  Factory.) 


0.  H.  Hastings  &  Co  . 


(The  Oswego 


Nutting  &  Wright Printing-paper 


Kind  of  mill  or 
manufacture. 


Remarks. 


JFloaring Fall  of  10  feet     Owns  5  first-class  runs.    Capacity  of  mill,  250  barrels  per  day. 

starch i  The  firm  cwns  26  fii'st-class  and  12  second-class  runs.    Fouiteen  water-wheels  are  run,  furnishing  in 

tho  aggi'cgate  1,220  horse-power;  845  horse-power  of  steam  is  also  available  for  use  in  low  water. 
j  The  firm  has  inanufaci.ured  continuously  for  over  50  years,  and  in  1848  removed  here  frfem  Jersey 
j  City.  The  production  is  35  tons  per  day,  or  21,500,000  pounds  of  stai  eh  per  year.  The  worts  cover- 
5  acres  of  ground,  and  the  principal  buildings  have  a  frontage  of  733  feet  and  a  depth  of  200  feet.- 
j  They  contain  38  miles  of  steam-pipe,  5  miles  of  shafting,  24  pairs  of  burr-stones  for  grinding  com, 
I      and  G  pairs  of  heavy  iron  rollers. 

rionring  |  Eight  runs  of  stone,  6  sets  of  rollers.    Capacity  of  mill,  300  barrels  per  day.    The  firm  owns  0  first- 
class  runs  and  1  second-class. 


Production,  2  tons  per  clay, 


The  Varick  canal  was  built  in  1834,  and  is  said  to  have  cost  $112,000.  So  far  as  owning  water-rights  not  yet 
leased  and  receiving  rents  are  concerned,  the,  proprietors  are  M.  Pardee  and  the  F.  T.  Carrington  estate,  owners 
also  of  the  adjoining  unoccupied  land.  A  perpetual  lease  of  water  is  given  to  manufacturers  desiring  power.  As 
afSrmed  by  a  decree  of  the  supreme  court,(a)  a  run  of  water  on  this  race  ranges  between  1 ,700  cubic  feet  per  minute 
under  a  bead  of  12  feet  and  1,500  cubic  feet  under  a  head  of  13  feet ;  it  may  fairly  be  taken  as  2,000  cubic  feet  per 
minute  (33^  per  second)  under  a  head  of  10  feet,  or  its  equivalent.  There  are  recognized  50  first-class  runs,  17 
second-class,  and  an  unlimited  number  of  third  class.     For  first-class  runs  the  rental  is  from  $250  to  $300  per  annum; 


a  Dated  August  21,  1875.     Case  of  Michael  J.  Cummings  against  owners  and  lessees  of  water  on  the  canal. 
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for  secoDcl-  aud  third  class  runs  it  ranges  from  $125  to  $150.  November  28, 1882,  there  had  been  leased  permanently 
45  first-class  runs  and  14  second-class.  Five  first-class  runs  had  also  been  temporarily  leased,  and  these,  together 
with  about  35  second-  and  third-class,  remained  applicable  to  unsold  and  unoccupied  lauds,  which  include  abundance 
of  good  building-room.  The  second-class  runs  are  stated  to  be  reliable  for  power  nine  or  ten  months  in  the  year. 
At  times  they  have  been  shut  down  to  about  one-quarter  of  their  lull  amount,  and  for  one  or  two  months  the  Oswego 
Starch  Factory  has,  in  a  very  low  stage  of  river,  been  obliged  to  bring  into  use  800  horse-power  of  steam.      - 

Table  sliow'mg  the  coat  of  icater-jwwer  on  the  Varich  hydraulic  canal,  {a) 

[A  run  is  here  assumed  as  33J  cubic  feet  per  second  under  a  head  of  10  feet  =  37.87  theoretical  horse-power.] 


Assumed 
efficiency 
of  wheels. 

Correspond- 
ing effective 
horse-power. 

COST  I'EK  EFFECTIVE   H0R6E- 
POWEE, 

Assumed 
efficiency 
of  wheels. 

Correspond- 
ing efiective 
horse-power. 

COST  PEE  EFFECTIVE  HOESE- 
POWEE. 

First-class  runs 

at  from  S250  to 

$300. 

Second-  and 

third-class  runs 

at  from  $125  to 

$160. 

First-class  runs 

at  from  $250  to 

$300. 

Second-  and 

third-class  runs 

at  from  $125  to 

$150. 

Per  cent 
60 
65 
70 

Per  run. 
22.72 
24.62 
26.51 

$11  n0-$13  20 

10  16-  12  38 

9  43-  U  32 

$5  50-$6  60 
5  08-  6  09 
4  72-  5  66 

Per  cent. 
75 
80 
85 

Per  run. 
28.40 
30.30 
32.19 

$8  80-$10  36 
8  25-    9  90 
7  77-    9  32 

$4  40-$5  28 
i  13-  4  95 
3  88-466 

a  See  subsequent  remarks  on  comparative  coat  on  Oswego  and  Varick  canals. 

The  Oswego  and  Varick  canals  are  entitled  to  divide  the  water  of  the  river,  not  needed  for  navigation,  equally 
between  them.  In  order  to  do  this  both  have  the  same  aggregate  water-way  at  the  head-gates,  and  by  gauges  at 
those  points,  which  are  examined  when  necessary,  it  can  be  seen  if  one  canal  has  been  drawn  below  the  other,  and 
the  gates  can  be  changed  accordingly.  On  the  Varick  canal  each  mill  draws  its  water  over  a  weir,(a)  which  is 
adjusted  from  time  to  time  by  commissioners  and  locked  in  such  position  that  the  flow  over  it  shall -be  what  the 
mill  is  entitled  to  receive.  Of  course,  if  in  low  water  the  level  should  be  drawn  down  a  little  the  flow  over  each  weir 
would  be  slightly  and  proportionately  decreased.  On  the  Oswego  canal  there  is  no  such  contrivance,  and  more 
reliance  is  placed  on  the  wheels  as  guides  to  the  amounts  of  water  used.  On  the  Varick  canal  all  the  establishments 
are  between  the  canal  and  the  river;  on  the  line  of  the  Oswego  hydraulic  canal  they  are  between  it  and  the  river, 
but  along  the  upper  course  some  are  on  one  side  and  some.on  the  other  of  the  navigation  canal. 

From  the  tables  that  have  been  given  it  will  be  seen  that  the  cost  of  water  is  apparently  much  less  on  the 
Varick  than  on  the  Oswego  canal,  and  without  some  explanation  an  erroneous  impression  may  be  gained.  In  the 
first  place,  the  Oswego  hydraulic  canal  has  a  substantial  advantage  over  the  Varick  canal  in  that  it  extends  to  the 
harbor,  thus  enabling  vessels  from  the  upper  lakes  to  come  directly  alongside  the  mills;  by  this  the  intrinsic  value 
of  the  power  is  increased.  Secondly,  a  first-class  run  of  water  can  always  be  depended  upon  along  the  Oswego 
<!anal,  but  can  not  along  the  Varick  canal.  No  means  are  at  hand  of  determining  with  accuracy  the  actual  mean 
fall  which  pertains  to  the  entire  series  of  first-class  runs  on  either  canal ;  but  judging  from  the  statements  contained 
in  the  decree  of  the  supreme  court,  and  from  such  general  information  as  has  been  obtained  concerning  the  positions 
of  the  mills,  it  may  be  fair  to  assume,  in  view  of  the  actual  distribution  of  the  runs  in  use  along  the  canals,  the 
following  as  the  mean  of  all  the  first-class  runs : 

On  the  Varick  hydraulic  canal,  1,600  cubic  feet  per  minute  (26§  per  second),  under  a  head  of  12^  feet. 

On  the  Oswego  hydraulic  canal,  783J  cubic  feet  per  minute  (13.06  per  second),  under  a  head  of  18  feet. 

It  appears,  then,  that  under  the  conditions  of  actual  practice,  the  50  first-class  runs  on  the  Varick  canal,  when 
iill  in  use,  must  demand  about  80,000  cubic  feet  of  water  per  minute  (1,333  per  second),  while  the  32  first-class  runs 
on  the  Oswego  canal  will  demand  but  about  25,000  cubic  feet  per  minute  (25,067  more  nearly,  or  418  per  second). 

Taking  the  flow  of  the  river  as  assumed  by  the  court,  and  supposing  all  the  first-class  runs  in  use,  we  have, 
then,  the  following  three  cases: 

(1)  Extreme  low  water  in  summer,  flow  into  Varick  canal  (and  presumably  the  same  into  the  Oswego  canal) 
about  35,000  cubic  feet  per  minute.  An  average  first-class  run  on  the  Varick  canal  must  then  be  abated  to  44  pM 
-cent,  of  its  full  value,  while  there  will  be  no  abatement  on  the  Oswego  canal  of  first-class  runs. 

(2)  Average  flow  in  low  water  in  the  summer  months,  from  45,000  to  50,000  cubic  feet  per  minute.  First-class 
runs  on  the  Varick  canal  will  tben  be  abated  to  from  56  to  62  per  cent,  of  their  full  value.  On  the  Oswego  canal 
there  will  be  no  abatement  of  first-class  runs,  and  a  very  slight  one,  if  any  of  second-class. 


a  In  Ihe  decree  of  court  already  alluded  to,  it  is,  among  other  things,  "ordered  adjudged  aud  decreed  :  That  it  is  necessary  in 
order  to  obtain  the  greatest  head  of  water  in  the  canal,  and  to  give  the  most  power  practicable  to  the  several  runs  of  water,  and  for 
the  interest  of  all  the  parties,  that  the  water  to  be  drawn  and  taken  from  the  canal  by  all  the  parties  hereto,  their  heirs  and  assigns,  as 
soon  as  practicable  hereafter,  and  under  the  direction  and  control  of  the  commissioners  hereinafter  appointed,  be  drawn  and  taken  over 
weirs  with  curved  crests,  the  curve  of  such  crests  to  be  as  near  as  may  be  to  ninety  degrees  of  a  circle  the  radius  of  which  shall  be  4 
inches,  and  that  the  weirs  be  so  adjusted  that  the  second-class  water  may  be  readily  abated  or  shut  off,  and  so  that  the  first-class  water 
may  be  readily  abated,  and  so  as  to  secure  as  much  head  in  all  cases  as  is  practicable,  and  that  the  water  be  drawn  by  gates  to  be  raised 
from  bel»w". 
444 


THE  REGION  TRIBUTARY  TO  LAKE  ONTARIO. 


2T 


(3)  Average  flow  for  the  whole  three  summer  months,  about  75,000  cubic  feet  per  minute.  First-class  runs  on. 
the  Varick  will  then  have  about  94  per  cent,  of  their  full  value,  while  on  the  Oswego  canal  there  will  be  a  large- 
surplus  beyond  the- needs  of  both  first-  and  second-class  runs. 

In  accordance  with  the  general  plan  of  estimates  heretofore  used,  the  probable  flow  and  power  at  Oswego  may 
be  placed  at  the  following  figures : 

Estimate  of  power  at  Oswego. 


RAINFALL  ON   BASIN 

Flow 

to  tncli 

liydranlic 

canal  per 

second,  (a.) 

THEOKETICAL  HOUSE-rOWEK. 

stage  of  river. 

6j 

u 
S 

a 
& 

a 
B 

i 

i 

Ins. 
7 

Drainage 
nren, 
gross. 

Whole  flow 

of  river 

per  second, 

average 

for  the  24 

hours. 

For  each 
hydraulic 

canal, 

per  foot  of 

fall. 

Total  for 

Oswego 

liydranlic 

canal, 
assuming 
mean  fall 
at  18  feet. 

Total  for 

Varick 

hydraulic 

canal, 
assuming 
menu  fall 
at  12J  leit. 

Total  effective 

horse-power  (rated)  of 

wheels  in  use. 

Ix)w  water,  dry  year 

In». 
f     * 

Ins. 
10 

Ins. 
9J 

Ins. 
34i 

Sq.  miles. 
6  6,  012'^ 

Ouhic/eet. 
1,200 
1,550 
2,350 

Cubic  J'ci-t. 

575 

760 

1,160 

65.3 
85.2 
130.6 

1,170 
1,630 
2,360 

820 
1,000 
1,030 

Partial  returns  give  2,350r 
horse-power.   Thisdoea 

Ijow  water,  average  year 

not  include  the  power 
used  in  4  elevators,  a 
paper-mill,  a  pulp-mill, 
a  dry-dock,  and  2  malt- 
houses. 

AvailaWe   10    months,    average 
year. 

a  Assumed  at  half  the  entire  flow  after  allowing  50  cubic  feet  per  second  for  lockage  and  accompanying  waste. 
6  Of  which  about  750  square  miles  is  more  or  less  completely  utilized  in  the  diy  seaeon  for  feeding  the  Eiie  canal. 

Powers  above  Oswego. — Two  miles  from  Oswego  is  the  "high"  dam.  It  is  a  straight  structure  of  stone,  with 
roll-way  363  feet  long  and  probably  13  or  14  feet  high.  It  is  said  that  the  river-bed  is  here  gravelly  and  that  the 
dam  rests  upon  crib- work.  It  is  provided  with  an  apron  having  first  a  downward  slope  and  then  running  horizontally. 
In  the  dry  season  flash-boards  1  foot  high  are  placed  on  the  crest  of  the  dam.  The  abutments  are  of  very  heavy 
masonry,  that  on  the  west  side  being  10  feet  wide  at  the  top.  A  canal  ])asses  around  the  east  end  of  the  dam,  after 
which  boats  ascend  iu  the  slack-water  as  far  up  as  the  rifts  between  this  and  the  Miiietto  dam.  The  only  use  of 
power  here  is  at  the  Oswego  pumping-worts  at  the  west  end  of  the  dam.  Through  a  timber  bulkhead  with  stone 
piers  water  is  admitted  to  a  race  about  20  feet  wide,  and  passes  a  short  distance  to  the  pump-house.  The  water- 
wheels  run  under  a  head  of  15  feet  and  furnish  power  for  pumping  into  reservoirs  on  each  side  of  the  livei-,  whence 
the  city  receives  its  supply.  The  banks  are  high  and  bluffy  on  both  sides,  and  the  opportunities  for  extensive 
building  are  unfavorable;  still  there  is  a  moderate  amount  of  a^  ailable  room,  and  space  remains  for  one  mill  of  good 
size  between  the  bulkhead  and  the  pump-house. 

At  Minetto,  a  little  village  3  or  4  miles  above  Oswego,  the  river  is  from  450  to  475  feet  wide,  with  a  gravelly 
and  stony  bed,  rapids  and  rifts  reaching  a  long  distance  below  the  dam.  The  latter  is  a  stone  structure,  with  a 
roll- way  445  feet  long,  masonry  abutments,  and  a  crib-work  apron.  It  is  said  to  have  been  built  in  1871.  The  height 
is  about  7^  feet  without,  or  8J  feet  with,  the  flash-boards  commonly  in  use.  The  navigation  canal  ascends  around 
the  rifts  and  dam  on  the  east  bank,  and  then  enters  slack  water  again.  From  the  dam,  for  100  feet  down  to  the  road 
bridge  which  there  spans  the  stream,  there  is  a  clear  space  of  45  feet  between  the  canal  and  the  river,  protected  next 
the  latter  by  a  masonry  wall.  Below  the  bridge  the  distance  bi't^\een  canal  and  river  grows  less.  The  power  on  this 
side  of  the  river  was  stated  to  be  owned  by  Mr.  M.  Merrick,  of  Oswego.  There  was  once  a  large  flouring  mill  here, 
but  it  was  burned  and  only  the  ruins  remain.     On  the  inshore  side  of  the  canal  a  high  gravelly  bank  rises  abruptly. 

At  the  west  end  of  the  dam  there  is  an  old  saw-mill,  now  unemployed  except  as  a  shop  in  connection  with  the 

adjoining  factory,  and  containing  the  wheels  from  which,  by  two  shafts  at  right  angles  to  each  other,  power  is 

conveyed  to  the  works.     An  extreme  fall  of  9  feet,  and  two  30  horse-power  wheels,  are  employed  by  the  Minetto 

Shade  Cloth  Company.     The  annual  production  of  cloth  amounts  to  2,500,000  yards,  and  employment  is  given  to  50 

hands.    This*company  owns  all  the  power  on  one  side  of  the  river  and  the  land  adjoining  the  latter  for  a  long 

distance,  but  is  willing  to  accommodate  other  manufacturing  concerns.    The  river-bank  is  of  moderate  height, 

and  a  race  could  easily  be  extended  alongside  of  it  by  continuing  the  present  river-wall;  in  fact,  at  this  point 

power  might  conveniently  and  largely  be  utilized  on  either  side  of  the  stream.     There  is  a  railroad  a  third  or  a  half 

mile  away  from  either  bank.    A  spur  has  been  surveyed  on  the  west  side  from  the  Delawnre,  Lackawanna,  and 

Western  railroad  and  will  be  built,  it  is  said,  if  there  is  sufiQcient  business  to  warrant  it.     There  is  some  unimproved 

fall  both  above  and  below  Minetto,  but  whether  sufficient  to  constitute  iu  either  locality  another  privilege  of 

importance  is  not  shown.     Slack- water  navigation  continues  a  short  distance  above  the  Minetto  dam,  and  then  a 

canal  is  again  resorted  to. 

At  Battle  island,  some  2  miles  above  Minetto,  there  is  a  stra!ight  stone  dam,  with  a  sloping  timber  apron. 

extending  about  half  way  its  length,  which  is  662  feet  between  abutments.     This  is  known  as  the  Van  Buren  dam, 

and,  like  the  othiers  on  the  river,  is  owned  by  the  state.    The  river  bed  is  here  gravelly  and  stony,  with  rapids 

stretching  several  hundred  feet  down  stream,  and  falling  probably  2  or  3  feet.    At  the  south  or  left  end  of  the 

dam  the  fall  over  the  latter  is  naturally  about  U  feet,  increased  to  from  6  to  6J  feet  by  flash-boards.    There  is  a 
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heavy  masonry  bulkhead,  with  gate-openings  closed  by  temporary  work,  at  this  end  of  the  dam,  and  the  facilities , 
for  using  power  are  good.  Ko  power  is  actually  employed,  however,  either  on  this  or  on  the  opposite  side  of  the 
river,  though  it  was  said  that  on  the  latter,  which  has  the  advantage  of  being  adjacent  to  the  navigation  canal,  but 
■which  was  not  visited,  there  had  formerly  been  starch-works  and  some  other  establishments. 

The  next  privilege  to  be  noticed  is  at  the  village  of  Fulton,  a  place  of  about  3,900  inhabitants,  lying  on  the  east 
bank  of  the  river,  between  11  and  12  miles  from  its  mouth.  The  state  has  here  two  stone  dams,  about  3,000  feet 
apart,  the  Oswego  canal  making  the  passage  around  the  falls  on  the  Fulton  side.  The  lower,  known  as  the  Fulton 
dam,  extends  straight  nearly  the  whole  distance  across  the  river,  and  has  a  roll-way  503  feet  in  length.  The  fall 
at  the  east  end,  from  crest  to  water-surface  below,  is  about  13|^  feet,  and  heavy  rapids  reach  from  700  to  1,000  feet 
further  down  stream.  Xear  the  dam  the  river-bed  is  mainly  composed  of  low  ledges,  with  considerable  loose  rock. 
The  navigation  and  hydraulic  canals  open  out  side  by  side  from  the  pool  above  the  dam,  the  hydraulic  canal  lying 
the  nearer  to  the  river,  between  which  and  itself  the  mills  are  chiefly  situated.  Water  for  power  is  admitted  through 
a  timber  bulkhead  about  40  feet  long,  in  which  are  six  gates  operated  by  screws. 

Maniifacttiring  at  the  east  end  of  the  Ftdton  dam  {fall  0/1882). 


Firm. 

Kind  of  mill  or  mannfacture. 

Eemarks. 

Have  two  shops.    At  the  upper,  water  is  drawn  directly  from  the  pond  under  ahout  15  feet  fall,  140 
horse-power  of  wheels  being  in  use.    At  this  ehop35",000  feet  of  lumber  is  cut  up  daily,  and  5,000 
boxes  are  turned  out  in  the  same  time.   At  tbelower  shop  about  l.OOO.OOOfeet  of  lumber  is  used  yearly, 

10  runs  of  stone.    Capacity  of  mill,  60O  barrels  per  day.    Property  said  to  be  owned  by  the  estate  of 
Jesse  Hoyt,  of  New  Yorb:,  deceased. 

5  runs  of  stone ;  capacity  of  mill,  100  barrels  per  day. 

17  sets  of  rollers  ;  capacity  of  mill ,  300  barrels  per  day. 

Capacity  of  mill,  250  barrels  per  day. 

"W.  S.  Nelson  &  Co 

Perino  &  Wright 

Custom-  and  flonring-mlll- . . 
Flouring  . 

"W.  G.  Gage  &  Co 

■Gardner  &  Seymour 

Patterson  &  Smith 

Custom-mill 

Custom-  aud  flouring-mill. . . 
Custom-  and  fiouring-mill. . . 
Pulp  and  manila  paper 

E.N.Hoff. 

Victoria  Paper  Mill  Company 

Taylor  Eros.  &  Co 

Uses  12  or  13  feet  of  fall  and  about  250  horse-power  of  wheels.    Production,  1  ton  of  pulp,  dry  weight, 
per  dayj  and  from  1,500  to  5,000  pounds  per  day  of  paper,  according  to  kind. 

Employ  16  hands. 

In  addition  to' the  more  important  establishments  mentioned  above,  power  also  is  used  in  a  2-run  plaster-mill 
and  in  a  number  of  small  shops  of  various  kinds.  The  power  on  this  race  is  said  formerly  to  have  been  developed 
by  a  private  firm  which  afterward  sold  off  rights  to  different  manufacturers.  The  privilege  is  nominally  divided 
into  50  runs,  a  run  beiug  defined  as  144  square  inches  of  water  under  a  head  of  12  feet,  and  the  expenses  of  repairs 
are  shared  according  to  the  number  of  runs  owned.  .  There  is  much  transferred  water,  no  system  of  measurements 
is  employed,  and  in  many  cases  concerns  probably  use  more  water  than  the  amounts  to  which  they  are  entitled. 
The  falls  at  the  mills  range  in  general  between  12  and  16  feet,  and-  cables  are  in  several  instances  employed  in 
transferring  small  powers.  The  hydraulic  race  is  too  small  for  the  demands  made  upon  it,  becomes  drawn  down 
from  1  to  3  feet  at  the  lower  extremity  in  low  stages  of  water,  and  an  occasional  stoppage  of  work  thus  becomes 
necessary  to  some  of  the  mills.  It  is  estimated  that  on  the  average  all  the  mills  can  run  at  full  capacity  nine 
mouths  in  the  year,  and  at  three-quarters  capacity  the  remainder  of  the  time. 

New  manufacturing  enterprises  could  obtain  power  here  by  purchasing  from  present  holders.  The  privileges 
-belonging  with  the  Nelson  and  Ferine  &  Wright  mills  could  thus  be  obtained,  and  are  said  to  control  together 
probably  half  the  water  on  the  race.  Although  the  river  here  affords  a  fine  power,  Fulton  is  not  regarded 
as  a  favorable  site  for  manufacturing,  on  account  of  the  heavy  taxes  brought  on  by  granting  railroad  aid,  and 
stated  to  amount  annually  to  3f  per  cent. 

At  the  west  end  of  the  Fulton  dam  the  privilege  is  owned  by  Schuyler  Schenck,  of  Toledo.  The  principal  users 
of  power  are  William  Waugh  &  Brother,  manufacturers  of  straw-  and  all  other  kinds  of  wrapping-paper,  their 
production  being  2  tons  per  day.  Thirteen  or  fourteen  feet  of  fall  and  80  or  90  horse-power  of  wheels  are  employed. 
A  small  amount  of  power  is  also  utilized  in  a  quarry,  tool-shop,  and  sawmill,  but  a  large  surplus  remains,  half  the 
entire  flow  of  the  stream  belonging  to  the  privilege  on  this  bank. 

At  the  upper  privilege  the  river  is  crossed  by  what  is  known  as  the  Oswego  Falls  dam,  a  low  structure  413 
feet  long,  and  not  more  than  2  or  3  feet  high,  except  as  the  crest  is  artificially  raised  by  flash-boards,  which  are 
used  in  summer.  Perhaps  100  feet  below  the  dam  an  irregular  ledge  of  red  sandstone  runs  diagonally  across  the 
river,  forming  an  abrupt  pitch  of  6  or  7  feet.  Eapids  succeed  for  several  hundred  feet  down  stream,  and  the  river- 
bed IS  covered  with  loose  slabs  of  rock.  The  main  use  of  power  is  at  Oswego  Falls,  a  village  of  1,800  inhabitants, 
on  the  west  bank  of  the  river,  where  are  the  extensive  works  of  the  Oswego  Falls  Manufacturing  Company,  the 
production  of  which  is  in  all-worsted  goods,  including  suitings  and  coatings,  Italian  cloth,  serges,  lastings, 
buntings,  and  dress-goods.  This  company  runs  600  looms  and  gives  employment  to  1,100  hands.  The  fall  obtained 
is  13  feet,  and  for  ordinary  use  9- water-wheels  are  run-seven  66-inch  American  turbines  and  two  56-inch  Leffel 
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turbines— oue  of  the  latter  for  electric  lighting.  A  small  wheel  i«  connected  with  the  fire-pumps.  There  is  nearly 
alwaj's  a  wastage  of  water  over  the  dam,  but  there  seems  to  bo  no  convenient  opportunity  for  further  uise  of  power 
on  the  Oswego  Falls  side  of  the  river. 

On  the  east  or  Fulton  side  the  privilege  is  owned  by  Nelson  Beardsley,  of  Auburn  ;  it  includes  a  frontage  of 
about  800  feet  along  the  navigation  canal  and  the  river,  and  a  width  of  strip  between  them  viirying  in  the  upper  part 
from  50  to  125  feet.  Water  is  admitted  through  three  20-foot  openings  between  masonry  piers  to  a  short  race,  and 
through  that  and  a  connecting  wooden  flume  is  conveyed  some  300  feet  to  a  small  saw-  and  plaster-mill.  A  grist- 
mill is  also  standing,  but  has  not  been  in  operation  for  a  long  time.  A  trunk  extends  some  distance  further,  under 
the  heel-path  of  the  canal,  to  a  wheel-pit  from  which  power  is  transferred  across  the  canal,  by  a  shaft  125  feet  or 
more  in  length,  to  E.  W.  Eoss  &  Go.'s  machine-shop  and  fouudery,  employing  100  hands  and  170  horse-power  of 
wheels.    A  head  of  15  feet  is  obtained  in  low  water,  without  flash-boards  on  the  dam. 


Estimate  of  power  at  the  Fulton  and  Oswego  Falls  dams 

stage  of  river. 

Drainage 
area,  gross. 

Gross  flow 

per  second, 

average 

for  the  24 

hoors. 

Net  flow 
per  second, 

allowing 
50cuhiofc6t 
for  locliage 
and  waste. 

Theoretical  horsepower. 

Effective 

horsepower 

of  wheels 

in  use. 

Low  water,  dry  year 

Sq.  miles. 
1 
^  a  4  931  J 

Cubic  feet. 
1,180 
1  530 

Cubic  feet. 
1,130 
1,480 
2,260 

1  foot  fall. 

■  128.4 

168.1 

256.7 

la  feetfall.ib) 
2,050 
2,690 
4,110 

15feetfaU.(c) 
1,930 
2,520 
3,850 

3, 130-1- 

Low  water,  average  year  

Available  10  months,  average  year. . . 

2,310 

a  Of  which  ahont  750  square  miles  is  more  or  less  completely  utilized  in  the  dry  season  for  feeding  the  Erie  canal. 
6  Extreme  amount  assumed  as  available  below  the  Fulton  dam. 
c  Assumed  as  available  below  the  Oswego  Falls  dam. 

About  6  miles  above  Fulton  there  is  a  guard-lock  in  the  canal,  and  opposite  there  was  formerly  what  was 
known  as  the  "horseshoe"  dam,  described  as  having  been  but  a  few  feet  high.  It  has  been  removed,  and  there  is 
now  nothing  to  indicate  its  former  position  except  a  short  but  heavy  rapid,  and  a  stone  abutment  on  the  left  bank. 
Both  banks  have  a  gentle  slope. 

The  last  dam  on  the  river,  at  Phoenix,  is  a  mile  or  so  below  the  junction  of  the  Oneida  and  Seneca  rivers.  It 
is  a  stone  structure,  with  a  fall  of  about  7  feet  from  crest  of  flash-boards,  a  straight  roll-way  of  440  feet,  masonry 
abutments,  and  an  apron  of  timber  crib- work  bolted  to  bed-rock,  half-way  across  sloping  away  from  the  dam,  and 
the  rest  of  the  distance  horizontal.  Eapids  extend  several  hundred  feet  down  stream,  but  the  fall  obtained  at  the 
mills  is  in  general  about  the  same  as  that  at  the  dam,  or  7  feet.  On  the  west  side  of  the  river  water  enters  a  race 
through  three  20-foot  openings,  and  runs  150  or  200  feet  to  the  first  establishment  using  power — Sweet,  Northrop, 
&  Co.'s  fufniture  and  burial-casket  manufactory.  This  firm  owns  2,000  inches  of  water  under  a  head  of  7  feet, 
employs  20  or  30  hands,  and  uses  50  or  60  horse-power  of  wheels.  Two-thirds  of  the  remaining  power  on  this  side 
belongs  with  property  lying  between  the  bulkhead  and  this  factory,  is  unemployed,  and  is  for  sale.  The  other  third 
is  owned  by  Mr.  E.  Merry,  and  is  utilized,  partly  at  least,  in  the  manufacture  of  tissue-paper. 

On  the  east  side  of  the  river,  in  the  village  of  Phoenix,  a  place  of  1,300  inhabitants,  a  portion  of  the  concerns 
are  supplied  by  a  hydraulic  race,  while  the  remainder  are  independent  of  it.  At  the  end  of  the  dam  there  are  two 
6-foot  wheels,  each  of  65  horse-power,  running  under  a  fall  of  7  feet.  A  shaft  109  feet  long  extends  thence  to  the 
Phoenix  Plaster  Mill  Company's  works,  whence  three  cables  run  distances  of  from  150  to  650  feet  and  supply  power 
to  the  Central  City  Knife  Company,  employing  35  hands  and  turning  out  about  1,000  dozens  per  month  of  pen  and 
pocket  cutlery ;  the  Phoenix  Manufacturing  Company's  foundery,  and  a  small  cigar-box  shop. 

A  separate  flume  also  conveys  water  to  Glass,  Breed,  &  Co.'s  flouring-mill  (13  sets  of  rollers,  3  runs  of  stone, 
200  barrels  capacity),  using  a  fall  of  5  feet  and  about  120  horse- power  of  wheels ;  and  from  a  tower  at  the  end  of  the 
dam  a  cable  transfers  power  to  J.  H.  Loomis  &  Son's  planingmill  and  box-shop,  employing  10  hands  and  about  50 
horse-power. 

Estimate  of  power  at  the  Fhmnix  dam. 


stage  of  river. 

Drainage 
area,  gross. 

Gross  flow 

per  second, 

average 

for  the  24 

hours. 

Net  flow 
per  second, 
allowing 
50  cubic 
feet  for 
lockage 
and  waste. 

Theoretical  horse- 
power. 

Effective 

horse-power 

of  wheels 

in  use. 

Sq.  miles. 

]                 f 
>  a  4, 870  i 

Cubic  feet.  ■  Cubicfeet. 
1,170             1,120 

1  510        1          1    4fiO 

Ifootfatt. 
127.2 
165.9 
263.3 

7  feet  fall. 
890  , 
1,160 
1,770 

■      b  640+ 

Low  water,  average  year 

Available  10  months,  average  year. . . 

2,280 

2,230 

a  Of  which  about  750  square  miles  is  more  or  less  completely  utilized  in  the  dry  season  for  feeding  the  Erie  canal. 
b  Eetnms  incomplete. 
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The  hydraulic  race  is  40  feet  wide.  It  is  assumed  to  supply  a  certain  number  of  inches  of  water,  of  wl 
2,200  are  owned  by  Pierce  &  Breed,  who  have  a  4:-run  custom-  and  flouring-mill ;  300  by  A.  W.  Sweet  &  ( 
manufacturers  of  caskets  and  cofi&ns;  and  part  in  connection  with  a  small  saw-mill. 

As  has  been  noticed  in  the  general  remarks  upon  the  river,  much  hinderance  is  experienced  at  this  locality  fi 
the  backwater  caused  by  freshets  and  by  gorges  of  anchor-ice  in  the  river  below. 

Summary  of  the  principal  water-powers  on  the  Oswego  river. 


Locality  of  dam. 


Phcenix 

Oswego  Falla , 

Fulton 

Battle  island 

Minetto 

High  dam 

Oswego 

Total  for  falls  as  here  assumed  . 


Approx- 
imate 

distance 
from 

mouth  of 
river. 


Miles. 
19i 

12J 

Ui 

61 

1 


Drainage 

area, 
gross. 


Assumed 

fall  on 
privilege. 


Sq.  miles. 
4,870 

>  4,  931  J 


5,001 
5,009 
5,012 


Feet. 

7 

15 
16 


0 

15 

a 12J-18 


ESTIMATED  THEOKETIOAL 
HORSE-POWEE. 


Low 

water, 

dry  year. 


890 


Low 

water, 

average 

year. 


1,160 


1,930  2,520 

2,  060  2,  690 


1,040 
1,180 
1,960 
1,990 


1,360 
1,530 
2,560 
2,590 


14,  410 


Available 

10  months, 

average 

year. 


1,770 

3,650 

4,110 

2,090 
2,350 
3,920 
3,980 


Effective 

horse- 
power of 
wheels 
in  use. 


540-1- 

3, 130H- 

00 

60 

200 

2,  360+ 


Frincipal  kinds  of  manufacturing. 


Flour,  cutlery,  cast  goods,  furniture,  burial-caskets, 
paper. 

r All- worsted  goods  at  Oswego  Falls;  machinery  on  Fc 
)  side. 

^Paper  on  west  side ;  on  Fulton  side,  flour,  paper,  macl 
knives,  and  wooden  boxes. 


Shade-cloth. 

Power  used  to  pump  water  for  the  supply  of-Oswego. 

Flour,  starch,  paper,  knit  underwear,  and  leather.    P< 

is  also  used  in  a  number  of  large  grain-elevators  audi 

bouses. 


22,  070 


6,  280-)- 


a  See  detailed  estimate  of  power  at  Oswego. 

It  is  generally  the  case  upon  this  river  that  the  mills  are  either  so  clustered  about  the  dams,  or  are  so  scattei 
along  below  them,  that  the  available  supply  of  water  is  not  used  under  the  full  head  which  might  be  obtained 
the  foot  of  the  rapids,  and  consequently  the  best  effect  is  not  secured.  The  entire  falls  given  in  the  above  ta 
are,  on  that  account,  in  many  cases  not  really  practicable  with  the  present  improvements,  and  could  be  realized,  w 
the  mills  located  as  now,  only  by  considerable  outlays  in  deepening  tail-races  and  perhaps  clearing  the  ri' 
channel  at  some  points.  They  are  approximate  only,  as  data  for  accurate  statements  in  detail  concerning  I 
fall  along  the  river  could  not  be  obtained,  but  they  will  perhaps  serve  as  a  basis  for  conveying  an  idea  of  the  gr 
power  which  would  be  afforded  with  suitable  works. 

TEIBUTARIES   OF  THE   OSWEGO   RIVER 


ONEIDA   EIVER   AND    LAKE. 

This  lake  is  distant,  at  the  nearest  point,  between  10  and  12  miles  in  a  northeasterly  direction  from  Syracu 
and  is  surrounded  by  the  counties  of  Oswego,  Oneida,  Madison,  and  Onondaga.  It  has  a  length  of  20^  miles, 
extreme  width  of  nearlySJ  miles,  and  a  surface  area  of  about  81  square  miles.  The  total  tributary  drainage  area  ab( 
Brewertoii,  wliere  the  outlet  begins,  including  the  lake  itself,  is  1 ,300  square  miles.  The  principal  tributary  strea 
arc  Fish,  Ghitteiiango,  and  Oneida  creeks,  the  two  latter  being  drawn  upon  in  part  for  supplying  the  Erie  car 
A  considerable  portion  of  the  north  shore  is  high  and  bluffy,  but  at  other  points  much  of  the  land  immediat 
bordering  the  lake  is  low  and  even  marshy ;  farther  back  there  is  a  rise  to  level  or  rolling  country,  fertile,  and  oi 
moderately  timbered.  The  lake  has  clear  water,  a  firm  bottom  composed  of  gravel  and  clay,  and  is  quite  shallc 
the  depth  being  estimated  to  range  in  general  from  20  or  30  feet  downward,  and  at  no  point  to  exceed  60  fe 
The  surface  is  said  to  freeze  entirely  over,  usually  by  the  1st  of  January  or  before,  and  during  the  vear  cbauj 
but  slightly  in  level. 

The  waters  of  the  lake  escape  through  the  Oneida  river— which  by  map  measurement  has  a  length  of  ab( 
16  miles-and,  pursuing  a  crooked  course  between  Oswego  and  Onondaga  counties,  unite  with  Seneca  river  at  Th 
River  Poin  t.  The  elevation  of  the  water  surface  of  the  lake  is  about  370  feet  above  mean  sea-level,  and  123  feet  ab( 
the  average  surface  of  lake  Ontario.  The  fall  to  the  mouth  of  the  Oneida  river  is  onlv  about  8  feet,  or  an  aven 
of  say  0.5  foot  per  mile,  and  it  is  evident  that  the  stream  has  substantially  no  value  for  power.  Steam-towi 
navigation  is  carried  on  through  the  river  between  Syracuse  and  points  on  the  lake,  principally  Constantia,  Barnar 
Bay,  Cleveland,  and  Fish  Creek.  Lumber,  sand,  and  glass  are  carried  down  to  Syracuse,  and  coal,  feed,  and  fl( 
returned. 

The  Oneida  river  is  bordered  by  a  flat  country  and  has  low  banks.  It  runs  about  300  feet  wide  at  Caughden^ 
and  240  feet  wide  at  Oak  Orchard.  Lowest  water  occurs  in  August  and  September,  while  in  April  or  May  th^ 
18  a  spring  freshet,  with  an  ordinary  rise  of  4  or  5  feet  at  Oaughdenoy,  and  an  extreme  rise  of  6  feet.  The  streaii 
also  subject  to  fluctuations  due  simply  to  the  prevalence  of  a  heavy  east  or  west  wind,  which,  at  the  locality  ji 
mentioned,  sometimes  amount  to  a  foot  in  a  few  hours 
448 


THE  REGION  TRIBUTARY  TO  LAKE  ONTARIO. 


31 


At  Brewerton  there  are  said  to  be  rifts,  but  boats  pass  through  them  successfully  in  the  channel.  At 
Canghdenoy,  a  little. village  4  miles  by  river  below,  is  met  the  only  use  of  power  on  the  stream.  The  bed  is  there 
gravelly  and  causes  rifts,  around  which  boats  pass  in  a  canal  a  quarter  of  a  mile  long.  The  flow  through  the  rifts 
is  partially  obstructed  by  a  succession  of  5  or  6  eel- weirs,  built  of  vertical  stakes  against  which  are  placed  boards 
and  i)iles  of  loose  stone.  As  these  serve  to  keep  uj)  the  water-level  above  for  navigation,  the  state  has  furnished 
much  of  the  material  for  them.  They  raise  the  river  but  a  few  inches,  and  can  have  no  very  important  effect  upon 
the  lake.  A  race  perhaps  10  rods  long  conveys  water  from  the  canal  to  Hart's  4-run  grist-  and  saw-mill.  The 
head  obtained  is  the  same  as  the  lift  of  the  canal  lock,  ranging  from  2J  to  3J  feet,  according  to  the  stage  of  water, 
but  is  commonly  about  3  feet.  Five  water-wheels  are  employed,  and  can  be  run  without  trouble  nine  months  in  the 
year,  and  two-  or  three  can  be  run  at  all  times.  At  Oak  Orchard,  4  miles  by  river  below  Canghdenoy.  the  state  has 
a  dam,  of  horseshoe  shape,  over  which'  there  is  a  fall  of  perhaps  4  feet,  boats  passing  through  a  lock  at  one  side, 
but  no  power  is  utilized. 

Drainaqe  areas. 

Square  miles. 

Oneida  creek 128 

Cliittenango  creek 306 

Fisli  creek --  480 

Oneida  river  at  Brewerton,  foot  of  lake 1,300 

Oneida  river  at  moutli 1,421 

Casenovia  lake  is  described  in  French's  Oazetteer  of  New  Yorh  as  "a  beautiful  sheet  of  water,  4  miles  long,  900 
feet  above  tide,  and  completely  surrounded  by  gradually-sloping  hill-.sides".  It  is  in  the  western  part  of  Madigon 
county,  and  discharges  northward  into  Oneida  lake  through  an  outlet — Chittenango  creek — which,  following  its 
meanderings,  is  by  map  measurement  about  25J  miles  long.  The  outlet  of  the  lake  is  from  the  southern  extremity, 
and  there  the  state  has  a  dam  for  controlling  the  storage.  The  flow  over  this"dam,  which  is  so  placed,  immediately 
below  the  lake  outlet,  as  also  to  command  the  waters  coming  down  Chittenango  creek  from  above,  including  those 
of  the  Erieville  re8ervoir,(a)  passes  down  the  natural  channel  of  the  creek  for  say  9J  miles,  and  is  then  diverted  by  a 
second  state  dam,  through  a  feeder  half  a  nlile  long,  to  the  "long"  level  of  the  Erie  canal.  The  fall  from  the  lake 
to  the  feeder-dam  is  rapid  and  large,  amounting  to  about  470  feet,  and  at  Chittenango  Falls,  3f  miles  below  the  foot 
of  the  lake,  the  stream  suddenly  plunges  136  feet  over  a  limestone  ledge.  In  the  16  miles, -more  or  less,  from  the 
crest  of  the  feeder-dam  to  Oneida  lake,  the  descent  is  much  less  rapid,  amounting  to  but  60  feet,  and  toward  the 
mouth  the  course  winds  through  low  swampy  land.  The  use  of  power  along  the  creek  is  moderate  in  amount,  and  is 
principally  confined  to  a  half-dozen  flouring-  and  grist-mills,  three  paper-mills,  and  several  other  establishments  of 
small  size. 

According  to  a  map  of  the  middle  division  of  the  Erie  canal  with  its  feeders  and  reservoirs,  (6)  Cazenovia 
lake  flows  a  surface  area  of  about  2.8  square  miles.  Its  available  storage  is  placed  at  4J  feet  over  an  average  area 
of  1,778  acres,  or  348,523,560  cubic  feet,(c)  and  the  supply  from  the  Chittenango  Creek  feeder,  including  the  waters 
from  both  the  Erieville  and  Cazenovia  Lake  reservoirs,  at  42  cubic  feet  per  second  for  100  days. 

Table  showing  the  fall  in  Chittenango  creelc. 


Locality. 

Elevation 
above  mean 
sea-level. 

Fall 
between 
points. 

Distance 
between 
points,  by 
map  meas- 
urement. 

Autliority  for  elevations. 

Feet. 
900. 00 

430. 47 
369. 78 

Feet. 
1     469. 53 
\       60. 69 

Miles. 
9.5 
16.0 

French's  Gazetteer  ef  New  Tork,  page  22. 

Elevation  assumed  the  same  as  that  of  the  "long  "  level  in  the  Erie  canal, 

which  by  canal  profiles  is  428.4  feet  above  mean  low  tide  at  Albany. 

SENECA.  EIVEE  AND   CONNECTING  LAKES. 

The  Seneca  river  starts  from  the  foot  of  the  lake  bearing  the  same  name,  and  runs  in  an  easterly  direction  to 
Cayuga  lake,  which  it  enters  a  mile  or  so  from  its  northern  extremity;  issuing  from  that  lake  it  flows  northerly  and 
then  easterly,  till  at  Three-Eiver  Point  it  joins  the  Oneida  river  to  form  the  Oswego.  By  map  measurement  the 
total  length  of  the  stream  from  Seneca  lake  is  about  60  miles.  Until  it  reaches  Cayuga  lake  it  serves  simply  as  an 
outlet  to  the  waters  of  Seneca  lake,  receiving  no  accessions  of  importance  from  other  sources.  In  this  distance  it 
falls  63  feet,  the  descent  being  nearly  all  concentrated  at  two  points— Waterloo,  where  it  amounts  to  12  or  14  feet,  and 


a  Storage,  21^  feet  depth  over  an  average  area  of  340  aores=318,423,600  cubic  feet. 

6  Accompanying  the  Annual  Beport  of  the  Superintendent  of  Puhlio  Works  for  the  year  ending  September  30,  1881. 
c  Page  55,  Annual  Beport  of  the  State  Engineer  and  Surveyor  for  the  year  ending  September  30,  1879. 
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Seueca  Falls,  where  it  is  between  45  and  50  feet.(a)  At  both  these  places,  and  especially  at  the  latter,  the  power 
furnished  by  the  river  sustains  a  large  amount  of  manufacturing.  North  of  Cayuga  lake  the  river  pursues  its- 
course  among  extensive  marshes  which  have  been  partially  drained  by  artificial  means.  It  receives,  successively,. 
Clyde  river  from  the  west,  and  the  outlets  of  Owasco,  Skaneateles,  and  Onondaga  lakes  from  the  south.  On  the 
boundary  between  Onondaga  and  Cayuga  counties  it  spreads  out  and  itself  forms  Cross  lake,  some  4  miles  long.. 
In  the  45  miles,  more  or  less,  of  river  below  Cayuga  lake  the  descent  is  only  about  18  feet,  and  the  only  use  of  power 
is  at  Baldwinsville,  where  there  is  a  state  dam  giving  a  fall  of  8  or  9  feet.  The  Cayuga  and  Seneca  canal  starts 
from  Geneva,  at  the  foot  of  Seneca  lake,  and,  utilizing  the  outlet  for  slack- water  navigation  except  at  the  falls,, 
descends  toward  Cayuga  lake;  before  reaching  the  latter  it  strikes  off  to  the  left,  and,  crossing  to  the  east  side  of 
the  river  below  the  lake,  continues  as  an  independent  canal  to  Montezuma,  where  it  joins  the  Erie  canal.  On  Seneca 
river  itself  navigation  in  the  lower  course  is  maintained  by  a  side  cut  around  the  Baldwinsville  dam,  and  another 
across  the  bend  at  Jack's  reefs,  a  short  distance  east  of  Cross  lake. 

The  first  dam  below  Seneca  lake  is  at  Waterloo,  a  village  of  about  3,900  inhabitants,  where  the  use  of  hydraulic 
power  dates  back  to  the  early  part  of  the  century.  The  state  has  a  low  dam  of  timber  here,  the  navigation  canal 
descending  the  north  bank,  while  a  hydraulic  race  about  25  feet  wide  runs  down  the  south  bank.  Water  is  drawn 
by  mills  from  this  level  through  both  the  canal  and  the  race,  and.  in  three  cases  directly  from  the  pool  above  the  dam. 
The  interests  of  navigation,  of  course,  take  precedence,  and  if  there  is  a  scarcity  of  water  for  passing  boats  the  mills 
must  shut  down  until  the  level  is  sufficiently  raised.  Two  or  three  years  ago  there  was  more  or  less  shortage  of  water 
during  a  period  of  six  months.  The  principal  manufacturing  concern  is  the  Waterloo  Woolen  Manufacturing 
Company,  located  on  the  line  of  the  navigation  canal  in  the  lower  part  of  the  village.  Its  production  comprises 
shawls  and  ladies'  suitings,  and  20  sets  of  machinery  are  operated.  Water  is  conveyed  to  the  mills  through  a 
branch  from  the  canal,  600  or  800  feet  long,  which  also  supplies  a  saw-mill.  The  other  establishments  using  water 
from  the  level  created  by  the  state  dam  include  5  flouring-  and  grist-mills  with  an  aggregate  of  8  Tuns  of  stone  and 
17  sets  of  rollers,  a  saw-miil,  and  a  small  organ  factory.  In  the  vicinity  of  the  dam  a  fall.of  about  9  feet  is  obtained 
at  the  various  mills,  increasing  to  12  feet  at  the  woolen-mill. 

Half  or  three-quarters  of  a  mile  below  the  state  dam  is  a  private  dam,  a  low,  rude,  and  very  leaky  structure 
running  out  from  each  bank  to  an  island.  A  race  runs  down  the  latter  to  a  distillery,  and  on  the  north  maia 
bank  there  is  a  turning-shop  and  a  wagon- wheel  factory.  The  fall  realized  is  only  about  3  feet,  steam  is  mainly 
employed,  and  the  water-power  has  but  little  attention. 

Seneca  Falls,  3  miles  below  Waterloo,  is  an  important  manufacturing  village  of  5,900  inhabitants.  The  river 
is  there  70  or  80  feet  wide  where  running  freely,  and  in  the  four  falls  occurring  at  the  village  descends  from  45  to 
50  feet.  Canal-boats  make  the  passage  in  a  canal  which  follows  down  the  right  bank.  The  demands  for  lockage 
and  the  naturally  lessened  supply  of  water  in  the  summer  season  cause  a  shortage  for  manufacturing  purposes,, 
commonly  lasting  for  from  2  to  4  months,  but  which  has  continued  in  at  least  one  exceptional  instance  for  6  months. 
The  land  bordering  the  stream  is  quite  closely  built  up,  except  at  the  lowest  fall,  and  there  the  power,  though 
unemployed,  is  not  large. 

Water  for  manufacturing-purposes  entfers  the  upper  level  over  a  stone  weir,  which  is  simply  a  continuation 
across  the  stream  of  the  river- wall  of  the  navigation  canal,  and  is  confined  below  the  weir  by  a  dam  a  short  distance 
down  stream,  its  crest  perhaps  a  foot  lower  than  that  of  the  weir.  By  this  means  an  undue  drawing  down  of  the 
upper  pool  is  prevented.  On  the  south  bank  are  the  large  Phoenix  woolen-mills,  now  idle.  They  are  entitled  to 
half  the  surplus  flow  of  the  river  above  the  needs  of  navigation,  receive  it,  when  in  operation,  over  a  weir  wall 
acting  in  the  same  manner  as  the  one  already  noticed,  and  discharge  tail-Avater  back  into  the  stream  under  the 
navigation  canal,  which  runs  between.  On  the  north  bank  are  half  a  dozen  establishments  of  small  and  moderate 
size,  located  opposite  the  basin  which  is  formed  between  the  weir  first  described  and  the  dam,  and  discharging  into  a 
covered  tail-race  which  runs  along  under  them  and  empties  just  below  the  dam.  The  heads  actually  in  use  range 
from  6  or  8  up  to  15  feet,  which  may  be  considered  as  about  the  full  fall  of  the  privilege. 

A  dam  300  feet  farther  down  stream  creates  the  second  level,  from  which  water  is  drawn  on  the  north  bank 
for  several  small  printing-press  and  other  powers;  and  on  the  south  bank,  through  a  race,  to  supply  a  flouringmill 
and  three  other  important  manufacturing  concerns.    The  falls  used  on  this  level  are  from  12  to  14  feet. 

For  the  third  level,  water  is  diverted  by  a  low  dam  into  a  race  on  the  north  bank,  which  it  enters  over  a  stone  weir. 
On  this  race  are  several  mills  and  shops,  of  which  the  Silsby  works  are  the  largest,  and  falls  ranging  from  8  to  10 
feet  are  obtained.  The  waste  over  the  dam  joins  the  navigation  canal,  and  the  basin  thus  formed  is  confined  farther 
down  by  a  spill- way,  the  overflow  of  which  descends  into  the  fourth  level.  All  the  land  on  the  south  bank  opposite 
the  third  fall,  securing  half  the  flow  of  the  stream,  is  owned  by  Mr.  John  A.  Eumsey.  The  only  use  of  power, 
however,  on  that  side  is  by  Eumsey  &  Co.,  who  draw  their  supply  from  the  navigation  canal. 

For  the  fourth  level,  the  dam,  in  the  pool  of  which  the  navigation  canal  crosses,  has  a  fall  of  perhaps  2J  feet 
without  or  4J  feet  with  flash-boards  such  as  were  found  in  place,  but  no  power  is  utilized. 

"  Je^  ^'^^^  **  *^^^^  points  could  not  be  learned  with  accuracy,  but  the  figures  given  are  considered  to  be  very  near  the  truth. 
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Iievel. 

Firm. 

Kind  of  mUl  or  manufacture. 

Remarks. 

Kist  or  npper  level 

Phoenix  Mills  

"Woolen  goods 

Large  mill;  not  running. 
Employ  30  hands. 
4  runs  of  stone. 
Employ  18  hands. 

Do  

CityMUlB 

Do 

Do '. 

Westcott  Brothers 

Do 

Two  small  saw-mills  and  an  advertising  con- 
cern. 

Second  level 

Cowing  &.  Gleason  Manufactur- 
ing Company. 

Glea.eon  Knitting  Company 

Koberts  &  Briggs 

Do 

20  sets  of  machinery. 

3  runs  of  stone,  6  sets  of  rollers ;   80  barrtjH,  daily 
production. 

Employs  from  275  to  300  hands;  uses  from  14  U>  16  tons 
of  iron  per  day. 

Do 

Do 

Goulds  Manufacturing  Company  . 

Several  small  powers  used  on  tbe 
nortli  bank. 

Silaby  Manufacturing  Company  . . 

Seneca  Manufacturing  Company.. 
J.  F.  Dalrymple 

Iron  pumps  and  hydraulic  machinery 

Do 

Thii'd  level 

Steam    fire-engines,    hose- carriages,     and 
force-pumps. 

Employs  about  200  hands. 
Employs  25  hands. 

Do 

Do 

Do 

Do 

Kumaey  &  Co • 

Yalue  of  annual  production,  from  $200,000  to  $W0,000, 

There  yet  remains  considerable  available  power  at  this  point.  On  the  upper  level,  as  has  been  noticed,  is  the 
large  Phoenix  woolen-mill  privilege,  not  in  use;  and  on  the  opposite  side  of  the  river  is  a  good  site  where  a  mill  was 
burned.  At  the  second  fall  it  is  possible  that  small  powers  could  be  rented  in  the  block  on  the  north  bank.  On 
the  third  level  an  important  power  belonging  to  Mr.  Eumsey  can  be  utilized  for  manufacturing,  and  the  fourth  or 
last  fall  in  the  village  is  entirely  unimproved. 

Estimate  of  power  at  Waterloo  and  Seneca  Falls. 


Locality. 

Drainage 
area. 

Assumed 
fall. 

Assumed 
flow  per 
second, 
average 
for  the  24 
hours,  ordi- 
nary low 
stage,  (a) 

THKOEETICAL  HOBSE- 
POWEB. 

Eflfeotive 

horse- 
power of 
wheels 
in  nse. 

Per  foot 
faU. 

Total  faU. 

■Waterloo 

Sq.  miles. 

745 
771 

Feet. 
12 
40 

CuMcfeet. 
275 

275 

31.2 
31.2 

374 
1,529 

768 
1,090 

a  Ifo  record  of  actual  measurements  of  the  volume  is  found,  but  on  page  68  of  the  Annual  Eepart  of  the  State  Engineer  and  Surveyor  for  the  year  ending  September 
30,  18f9,  the  supply  avaUable  from  Seneca  lake  is  stated  at  300  cubic  feet  per  second,  which  it  is  judged  may  safely  be  relied  upon  throughout  the  greater  part,  if  not 
the  whole,  of  an  average  year.  Allowing  as  ranch  as  25  cubic  feet  per  second  for  lockage,  there  will  remain  say  275  cubic  feet  available  for  power.  For  9  or  10 
months  in  the  year  a  considerably  larger  discharge  would  doubtless  be  available. 

The  only  other  use  of  power  on  the  entire  river  is  at  Baldwinsville,  a  place  having  a  population  of  2,100,  and 
located  about  12  miles  from  the  mouth.  The  stream  is  there  250  feet  wide,  -with  gravelly  bed  and  rather  low  banks. 
The  dam  runs  across  straight,  with  the  exception  of  an  offset  up  stream  next  the  right  bank.  It  is  owned  by  the 
state,  and  is  a  crib-work  structure,  with  stone  filling,  the  face  and  back  slope  planked.  The  fall  over  it  is  8  or  9 
feet,  without  flash-boards,  and  about  that  amount  of  head  is  obtained  at  most  of  the  mills.  On  the  right  bank, 
water  for  power  is  conveyed  ina  race  60  or  60  feet  wide.  The  privilege  along  this  race  has  hitherto  been  roughly 
subdivided  into  runs  of  stone  and  saws,  but  in  the  fall  of  1882  a  friendly  suit  was  in  progress  to  determine  accurately 
the  amounts  of  water  belonging  to  the  various  owners.  On  the  left  bank  the  side-cut  for  boats  passes  around  the 
dam  and  rifts,  and  all  the  mills,  with  one  exception,  draw  water  from  it  and  discharge  into  the  river. 

Data  concerning  manufacturing  by  water-power  at  Baldwinsville. 


Film, 


Kind  of  mill  or  manufacture. 


Eemarks. 


On  north  race : 

Schoonmaker  &  Co 

G.  H.  &  A.  T.  Houghtaling 

Clark,  Mercer,  &  Co 

B.  Allen 

Draw  from  pond : 

Young  &  Frazee 


Straw  wrapping-paper 

Flouring-mill 

Custom-  and  merchant-mill 

Wagon-shop 

Steel  goods — forks,  rakes,  hoes,  etc 


lU  sets  ot  rollers ;  capacity  of  mill,  200  barrels  per  day ;  6  water- 
wheels,  each  of  about  20  horsepower. 

5  runs  of  stone. 
Employs  12  or  15  hands- 
Use  2  wheels,  each  of  25  horse-power ;  employ  25  hands,  and  man- 
ufacture 15,000  dozen  articles  per  year. 
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Data  concerning  manufacturing  by  water-power  at  Baldwinsville — Continued. 


Firm. 

Kind  of  mill  or  manufacture. 

Eemarts. 

Draw  from  canal  side-cut : 

Sa"w-  and  planing-mill - 

4  circular  saws. 

J  C  Miller  tfc  Co                            

Knit  underwear 

Eun  7  sets  of  machineryand  employabont  lOOhandsj  9  feet  fell'* 

2  wheels,  witk  aggregate  of  about  100  horse-power.                    ' 

4  runs  of  stone ;  13  sets  of  rollers;  capacity  of  mill,  250  barrels  of 
flour  per  day ;  1 2  feet  fall ;  8  wheels  of  20  or  25  horse-power'each. 

Grist-mill 

Fuller  &  Bliss « 

Sasbes,  doors,  and  blinds 

Employ  35  hands. 

Employ  50  hands ;  transfer  power  150  or  200  feet  by  cable  from 
lower  over  wheel-pit. 

Heald  &  Morris       -  - 

Pumps  and  engines 

Full  advantage  is  not  taken  in  all  cases  of  the  available  fall,  but  with  the  present  wheels  and  manner  of 
development  there  is  no  opportunity  for  further  obtaining  permanent  power.  The  state  has  the  first  right  to  water, 
and  in  low  stages  of  the  river  the  mills  are  frequently  shut  down  temporarily,  so  as  to  bring  up  the  level  in  the  pool 
and  canal  and  permit  boats  to  pass.  There  was  such  a  stoppage  at  tlie  time  this  privilege  was  visited,  December  1, 
1882,  and  for  two  months  during  the  summer  more  or  less  trouble  is  generally  experienced  by  the  mills,  owing  to 
a  scarcity  of  water.  Anchor-ice  sometimes  clogS  the  river  below,  raising  the  level  at  this  point,  and  on  one  occasion 
has  brought  it  up  to  the  top  of  the  dam.  Spring  high-water  also  causes  som^  annoyance  by  reducing  the  head  at 
the  mills. 

Estimate  ofj^otcer  at  Baldwinsville. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year  . 


RAINFALL  ON  BASIN. 


Spring. 


Inches. 

8J 


Summer. 


Inches. 


Inches. 


Winter. 


Inches. 

6i 


Tear. 


Drain- 
age area, 
gross. 


Inches. 


Sq.  miles. 
>    a3, 

J 


136 


Flow 

per  second, 

average 

for  the  24 

hours. 


Cubic  feet 
C  800 


1 


1,000 
1,500 


Theoretical  horse- 
power. 


1  footfall. 
90.9 
113.6 
170. 4  - 


9  feet  fall. 

820 

1,020 

1,530 


Effective 

horae- 

power  of 

"wheels  in 

use. 


953+ 


ffi  Of  which  abont  376  square  miles  is  more  or  less  completely  utilized  in  the  dry  scasOB  for  feeding  the  Erie  canal. 

Seneca  lalce.—lhis,  beautiful  sheet  of  water  lies  between  the  counties  of  Seneca  on  the  east,  and  Ontario  and  Yates 
on  the  west,  and  at  the  southern  extremity  projects  half-way  across  Schuyler  county.  As  shown  on  French's  map, 
it  is  34  miles  long  and  varies  in  width  from  1  mile  to  2J  miles.  It  has  a  surface  area  of  about  66  square  miles,  and 
a  total  drainage  area  above  its  outlet  of  707  square  miles.  Of  this  area,  94  square  miles  belongs  to  Catharine's 
creek,  which  empties  at  the  head  of  the  lake,  and  213  square  miles  to  Keuka  lake  and  outlet.  Seneca  lake  i^l96J 
feet  above  lake  Ontario,  and  443  feet  above  se^-level.  The  surface  is  2  feet  lower  tlian  formerly,  having  been 
artificially  reduced  in  level  by  that  amount  years  ago.  The  ordinary  range  between  high  and  low  water  is  from  2 
to  2J  feet,  with  an  extreme  of  4  or  5  feet.  Temporary  oscillations,  amounting  to  perhaps  a  foot  or  two,  are  also 
occasioned  by  unusually  strong  winds  blowing  up  or  down  the  lake'.  A  gentleman  long  familiar  with  both  Seneca 
and  Cayuga  lakes  states  that  he  has  frequently  observed  strong  currents  setting  sometimes  up  their  courses  and 
sometimes  down,  and  even  in  opposite  directions  at  one  time  on  different  sides  of  tlje  same  lake.  A  tidal  oscillation 
is  also  claimed  for  this  lake,  and  Mr.  Franklin  Gage,  of  Waterloo,  a  gentleman  whose  duties  in  connection  with  the 
Cayuga  and  Seneca  canal  have  led  to  long-continued  aud  careful  observations  of  the  lake-level,  confidently  maintains' 
that  there  is  a  tidal  rise  of  about  6  inches,  and  states  that  it  has  been  found  impossible  to  run  a  line  of  levels  from 
the  lake  to  the  Waterloo  dam  and  check  successfully,  without  making  allowance  for  the  change  of  surface  going 
on  during  the  leveling.  It  is  not  to  be  doubted  that  there  may  be  a  frequent,  and  even  for  considerable  periods 
a  regular,  ebb  and  flow  in  the  lake  waters,  but  it  is  hardly  to  be  conceived  that  there  should  be  an  appreciable  tide, 
properly  so  called;  and  it  seems  not  improbable  that  the  explanation  of  the  changes  of  level  may  lie  in  the  fact, 
which  has  been  observed,  that,  during  portions  of  the  year  at  least,  there  is  commonly  a  south  wind  on  the  lake 
in  the  forenoon  and  a  north  wind  in  the  afternoon. 

The  scenery  upon  this  lake  and  from  the  surrounding  heights  is  most  charming.  At  the  northern  end  the 
banks  are  comparatively  low,  but  advancing  southward  they  become  high  and  steep;  thence  eastward  from  the 
lake  there  is  a  gradual  rise  by  smooth  fertile  slopes  to  the  summit  of  a  ridge  which  separates  Seneca  and  Cayuga 
lakes,  and  which  near  their  head  attains  an  altitude  of  700  or  800  feet  above  the  water.  The  lake  is  thus  seen  to 
occupy  a  long,  narrow,  and  deep  depression  among  the  hills,  the  depth  of  which  would  appear  twice  as  great  were 
the  water  removed .  The  bottom  is  said  to  be  composed  of  gravel  and  rock,  while  the  sides  are  frequently  precipitous 
masses  of  solid  rock.  In  1880  an  accurate  survey  of  the  lake  by  the  engineering  students  of  Cornell  university  was 
in  progress,  and  by  the  kindness  of  Professor  0.  L.  Crandall  the  following  results  of  soundings  were  furnished 
to  the  author: 
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Depths,  of  Seneca  lalce. 

Feet. 

Four  miles  soutli  of  Geneva 250 

Eight  miles  south  of  Geneva  (off  Dey's  Landing) 430 

Tvirelve  miles  soutli  of  Geneva  (off  Dresden,  or  opposite  the  inlet  from  Keuka  lake) 500 

Eighteen  miles  south  of  Geneva  (off  Lodi  Landing) 580 

The  lake  is  navigable  throughout  the  year,  for  it  is  only  in  remarkably  cold  seasons  that  it  even  becomes 
skimmed  over  with  ice,  except  near  the  foot,  and  there  it  freezes  but  slightly.  Canal-boats  descend  from  Elmira 
through  the  Chemung  canal  and  are  towed  down  the  lake  by  steam-tugs  to  Geneva,  where  they  connect  with  the 
Cayuga  and  Seneca  canal. 

Drainage  areas — Seneca  lake  and  river. 


Catharine's  ereek  at  entrance  into  lake . . 

Keuka  lake  and  outlet 

Total  at  head  of  Seneca  outlet  or  river  . . 

Seneca  river  at  Waterloo 

Seneca  river  at  Seneca  Falls 

Seneca  river  at  entrance  to  Cayuga  lake. 


Square  miles. 

94 

213 

707 

745 

771 

780 


Square  miles. 

Seneca  river  below  Cayuga  lake 1, 593 

Seneca  river  at  Moutezuma 2, 472 

Seneca  river  at  Jack's  reefs 3,080 

Seneca  river  at  Baldwi  nsville 3, 136 

Seneca  river  at  junction  with  Oneida  river 3,447 


Keuka  or  Crooked  lake  (a)  lies  a  little  to  the  westward  of  Seneca  lake,  with  which  it  is  connected  by  an  outlet 
6  or  8  miles  long,  having  a  fall  of  277  feet.  There  is  a  dam  at  the  head  of  this  outlet,  and  the  course  of  the  latter 
was  formerly  followed  by  the  Crooked  Lake  canal ;  but  this  has  been  abandoned,  and  navigation  is  now  confined  to 
the  lake,  where  in  1880  five  steamers  were  engaged  in  carrying  passengers  during  the  summer,  and  also  in 
transporting  a  considerable  amount  of  freight,  consisting  mainly  of  wine  and  grapes,  which  are  largely  produced 
upon  the  banks. 

Keuka  lake  has  an  extreme  length,  measured  from  Penn  Tan  to  Hammondsport,  of  19^  miles,  and  varies  in 
general  in  width  from  half  a  mile  to  nearly  a  mile  and  a  quarter.  On  the  west,  from  somewhat  south  of  the  middle 
part  of  its  course,  an  arm  extends  14  miles  due  north.  The  area  of  water-surface  is  about  20  square  miles,  the 
drainage  area  at  the  head  of  the  outlet  is  187  square  miles,  and  at  the  point  where  the  outlet  enters  Seneca  lake  it 
is  213  square  miles.  The  shores  of  the  lake  are  abrupt  and  hilly,  being  low  only  near  its  foot.  The  surrounding 
country  rises  from  500  to  800  feet  above  the  water-surface,  and  is  quite  bai'e  of  timber,  though  once  well  wooded.  At 
the  point  where  the  two  northern  branches  of  the  lake  come  together  a  bluff  rises  steeply,  and.  attaining  a  height  of 
400  feet  is  continued  northward  in  a  ridge.  The  lake  bflttom  has  generally  the  character  of  a  deposit,  but  in  the 
deeper  portions  is  thought  to  be  composed  of  rock ;  it  has  quite  an  even  grade,  with  few  abrupt  descents.  As  stated 
by  Mr.  George  E.  Youngs,  of  Penn  Yan,  who  has  devoted  much  study  and  observation  to  Keuka  lake,  the  depth 
gradually  increases  from  the  foot,  and  at  a  distance  of  three-quarters  of  a  mile  is  about  40  feet;  at  a  distance  of  1 
mile,  100  feet;  and  for  a  distance  of  from  IJ  mile  to  12  miles,  about  140  feet.  Along  the  west  branch  the  depth 
ranges  from  200  to  250  feet,  and  from  Bluff  Point,  where  the  branches  unite,  to  the  head  of  the  lake,  about  7J  miles, 
the  average  depth  is  moi'e  than  200  feet. 

This  lake  is  473^  feet  above  lake  Ontario  and  720  feet  above  ocean-level.  Its  surface  is  but  little  affected 'in 
elevation  by  continued  strong  winds,  and  no  phenomena  of  the  nature  of  tides,  such  as  are  claimed  for  Seneca  and 
Skaneateles  lake's,  have  ever  been  observed,  so  far  as  known.  There  is  an  annual  variation  from  high  to  low 
water  of  5  or  G  feet,  and  the  very  unusual  range  of  9  feet  has  been  recorded.  High  water  is  reached  in  Ai^ril,  or 
occasionally  later,  while  the  lowest  stage  is  generally  attained  in  D  ecember.  Unlike  Seneca  and  Cayuga  lakes, 
Keuka  lake  commonly  freezes  over  in  winter. 

According  to  the  enumerators'  returns,  the  use  of  water-power  on  the  outlet  was  in  1880  confined  to  six  flouring 
and  grist-mills,  employing  an  aggregate  fall  of  63 J  feet  and  420  horse-power  of  wheels.  An  estimate  is  given  below 
of  the  theoretical  power  for  the  entire  fall  in  the  outlet,  based  upon  the  assumed  average  discharge  from  the  lake: 

Estimated  power  of  Keuka  outlet. 


RAINFALL  OS  BABM. 

Mean  flow 
for  the 

year  per 
second, 
average 

for  the  24 

hours.  (6) 

Effective 
horse- 

j)ower  of 
wheels 
in  use. 

Assumed  stage  of  water. 

Spring. 

Summer. 

Autumn. 

Winter. 

Tear. 

area  at 
liead  of 
outlet. 

Theoretical  horse- 
power, (c) 

Average  discharge  in  a  series  of  years 

Inches. 
7* 

Inches. 
9i 

Inches. 
8 

Inches. 

5i 

Inches. 
30J 

Sg.  miles. 
187 

Cubicfeet. 
190 

1  foot  fall. 

21.58 

2Tlfeetfall. 
5,980 

420' 

a  For  much  of  the  general  information  concerning  this  lake  thanks  are  due  to  Mr.  F.  M.  Collin,  of  Penn  Yan. 

6  Of  course  this  assumption  can  not  he  realized — i.  e.,  the  flow  maintained  with  uniformity  throughout  the  year — unless  there  is  a 
proper  control  exercised  at  the  outlet ;  otherwise  the  natural  discharge  will  gradually  decline  from  spring  till  winter,  being  part  of  the 
year  probably  above,  and  part  below,  the  amount  here  estimated.     By  concentration  within  12  hours  per  day  the  flow  could  be  doubled. 

c  With  good  wheels,  from  60  to  80  per  cent,  of  the  theoretical  power  is  available  for  work. 
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Cayuga  lake  lies  some  10  miles  to  the  eastward  of  Seneca  lake,  to  whicli  it  bears  a  strong  resemblance,  and  is  at  a>n 
elevation  63  feet  less,  or,  in  other  words,  133J  feet  above  lake  Ontario  and  380  feet  above  mean  sea-level.  Aside  from 
Seneca  river,  which  empties  into  it  near  the  foot,  its  principal  tributary  streams  are  Caynga  inlet  and  Fall  creek 
at  its  head,  Salmon  creek  on  the  east,  and  Taughanick  creek  on  the  west.  The  total  drainage  area  of  the  lake  at 
its  foot,  independent  of  Seneca  river,  is  813  square  miles.  The  lake  is  utilized  for  steam-towing  navigation,  and  in 
the  deeper  portion,  including  the  greater  part  of  its  surface,  is  always  free  from  ice;  but  the  shallow  section, 
extending  9  or  10  miles  from  the  foot,  is  regularly  frozen  over  as  far  as  between  Springport  and  Aurora.  The 
ordinary  change  in  level  from  low  to  high  water  is  3  feet,  with  an  extreme  range  of  7  feet.  Fear  the  outlet  the 
banks  are  low,  but  ascending  the  lake  they  grow  abrupt  and  rocky,  and  are  succeeded  by  easy  but  continuous 
ascents,  cleared  and  cultivated,  to  the  summits  of  hills  several  hundred  feet  in  height  above  the  water. 

Cayuga  lake  has  been  carefully  triangulated,  sounded,  and  mapped  by  the  engineering  students  of  Cornell 
university.  From  the  data  thus  obtained  it  appears  that  the  lake  has  a  length  of  about  37J  miles,  and  a  width  of  from 
a  mile  to  a  mile  and  a  quarter  near  the  head,  increasing  in  the  widest  part,  opposite  Aurora,  two-thirds  ef  the  way 
down  its  course,  to  very  nearly  3J  miles.  The  area  of  its  surface  is  66f  square  miles.  The  greatest  depth  obtained  by 
soundings  was  435  feet,  15J  miles  from  the  head.  Following  down  the  center  line  of  the  lake  the  depth  is  at  first 
shallow,  not  exceeding  about  25  feet  for  the  first  mile ;  it  then  increases  rapidly  and  reaches  200  feet  at  If  mile  from 
the  head,  300  feet  at  3i  miles,  and  400  feet  at  C^  miles ;  it  then  ranges  between  350  and  435  feet  for  the  succeeding 
16  miles.  Opposite  Aurora  the  depth  is  still  from  300  to  340  feet  toward  the  west  shore,  but  in  the  next  5  miles 
rapidly  decreases  to  100  feet  or  less,  and  in  the  remaining  9  or  10  miles  to  the  outlet  is  under  50  feet,  and  most  of  the 
way  under  20  feet.  Depths  of  from  50  to  100  feet,  and  even  more,  are  common  close  to  the  shores  in  the  upper  part 
of  the  lake,  and  soundings  of  200  and  300  feet  and  upward  are  recorded  within  1,000  or  1,500  feet  of  the  shores. 

D.rainage  areas — Cayuga  laTce  and  tributaries. 

Square  miles. 

Taughanick  creek  at  mouth 60 

Salmon  creek  at  mouth 90 

Fall  creek,  not  including  Cascadilla  creek .* 152 

Cayuga  inlet,  including  Cascadilla  creek 173 

Total,  Cayuga  lake  at  outlet,  not  including  Seneca  river 813 

Total,  Cayuga  lake  at  outlet,  including  Seneca  river 1,593 

Ganandaigua  lalce  lies  mainly  in  Ontario  county,  though  bordering  partly  on  Yates.  It  is  about  15  miles  long, 
and  If  mile  wide  in  the  broadest  part.  The  surface  area  is  between  18  and  19  square  miles,  and  the  drainage  area 
at  the  head  of  the  outlet  is  175  square  miles.  The  principal  tributary  stream  is  Canandaigua  inlet,  draining  85 
square  miles.  There  is  no  marshy  land  along  this  lake.  The  shores  are  generally  succeeded  by  a  uniform  rise  to 
high  hills,  but  toward  the  head  of  the  lake  become  frequently  abrupt  and  rocky.  The  surrounding  country  is 
rich  farming  land,  and  at  the  upper  end  of  the  lake  there  is  considerable  timber.  The  water  depth  is  rather  shallow 
toward  the  head  and  foot,  ranging  say  from  10  to  30  feet,  but  a  gentleman  well  acquainted  with  the  lake  estimated 
it.to  be  elsewhere  as  great  as  150  feet.  The  bed  is  variously  composed  of  clay,  gravel,  and  rock,  and  has  usually 
a  gradual  slope,  though  there  are  in  places  very  steep  pitches.  The  surface  commonly  freezes  over  in  part  only. 
There  is  no  canal-boat  navigation  upon  or  in  connection  with  this  lake,  but  some  freight  is  transported  over  it  in 
steamers.  The  altitude  of  the  water-surface  is  given  in  French's  Oaze'tteer  and  elsewhere  as  6G8  feet  above  tide, 
but  by  the  profile  of  the  Northern  Central  railroad,  which  crosses  the  outlet  at  Canandaigua,  ordinary  low  water 
in  the  stream  is  687.5  feet  above  mean  oceaja-level,  and  in  the  absence  of  other  data  the  lake-surface  may  b« 
assumed  to  have  at  least  that  elevation. 


Table  showing  approximately  the  fall  w  Canandaigua  outlet  and  Clyde  river. 
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Locality. 

Elevation 
of  •water- 
surface 
above 
mean  sea- 
level. 

Distance 
between 
points, 
by  map 
mi^asure- 
ment. 

Fall 
between 
points. 

Hemarks. 

Feet. 
687.  £ 

687.6 
^  400. 0 

380.0 

Miles. 

Feet. 

Elevation  assumed  to  bo  the  same  as  In  out- 
let at  Nortliem  Central  Railroad  crossing. 

Ordinary  low  -water,  by  Northern  Central 
Eailroad  profile. 

400  feet  assumed  ns  approximately  correct. 
The  New  York  Central  and  Hudson  Eiver 
railroad  crosses  nenr  the  mouth,  and  the 
rails  are  stated  to  be  410  feet  above  sea-level. 

Elevation  assumed  to  be  the   same  as  that 
of  Caynga  lake. 

Canandaigua  outlet  at  head,  where 
crossed  bylforthem  Central  rail- 
road. 

Canandaiguaoutletat Lyons  (month). 

1 

[           26 

1 

i           22 

287.6 
20.0 
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The  Canandaigua  outlet  pursues  a  -winding  course,  first  to  the  northward,  then  to  the  eastward,  and  then 
northerly  again,  to  Lyons,  descending  in  the  interval  about  287  Teet,  and  passing  successively  through  the  towns 
-of  Canandaigua,  Hopewell,  Manchester,  Phelps,  and  Lyons.  It  has  a  length  of  about  30  miles  by  map  measurement, 
and  at  the  village  of  Lyons  unites  with  Mud  creek,  which  drains  a  section  to  the  westward,  to  form  the  Clyde  river. 
The  latter  flows  with  a  general  southeasterly  trend,  including  two  right-angled  bends,  for  a  distance  by  river  of  at 
■least  22  miles,  and  unites  with  the  Seneca  river  3  miles  below  the  foot  of  Cayuga  lake.  Its  slope  is  small,  the 
entire  descent  from  Lyons  amounting  to  but  about  20  feet.  Manufacturing  by  water- power  is  carried  on  at  various 
points  along  Canandaigua  outlet,  more  especially  in  the  towns  of  Manchester  and  Phelps,  where  there  are  numerous 
flouring-,  grist-,  and  saw-mills,  and  establishments  for  making  agricultural  implements,  carriage  and  wagon  materials, 
jiaper,  and  fertilizers.    At  other  localities  along  the  stream  the  principal  use  of  power  is  by  flouring-  and  grist-mills. 


Estimated  power  per  foot  of  fall  at  head  of  Canandaigua  outlet. 


Assumed  stage  of  water. 

bainpall'on  babin. 

Drainage 
area. 

Mean  flow 
for  the 
year  per 
second, 
average 
for  the  24 
hours,  (a) 

Corre- 
sponding 
theoretical 

horse- 
power per 
footoffalL 

Spring. 

Summer. 

AntumQ. 

Winter. 

Tear. 

Average  discharge  in  a  series  of  years 

Inches. 
9 

Inches. 
10 

Inches. 
9 

Inches. 

n 

Imhes. 
35i 

Sq.  miles. 
175 

Cubic  feet. 
210 

23. 86 

a  In  practice  the  flow  conld  he  maintained  uniformly  at  this  flgnre  only  hy  a  suitable  control  at  the  outlet  from  the  lake ;  otherwise  there  would  be  a  gradual 
■decline  during  the  year  from  a  higher  to  a  lower  discharge  than  her©  given.  Of  course,  for  twelve  hours  in  the  day  the  flow  could  be  doubled  from  the  estimate 
.^iven,  assuming;  that  to  be  correct. 


Drainage  areas — Clyde  river  and  tributaries. 


Canandaigua  inlet 

Canandaigna  lake  at  head  of  outlet 

Canandaigua  outlet  at  Manchester 

Canandaigua  outlet  at  Phelps 

Canandaigua  outlet  at  Lyons,  mouth  of  outlet 

Mud  creek  at  Lyons 

Clyde  river  at  Lyons,  junction  of  Canandaigua  outlet  and  Mud  creek. 

Clyde  river  at  Clyde 

Clyde  river  at  mouth 


Square  miles. 
85 
175 
211 
390 
431 
298 
729 
807 


Owasco  laTce  lies  in  the  southern  part  of  Cayuga  county,  and  discharges  northward  through  an  outlet  16  miles 
Jong  to  Seneca  river.  It  has  a  length  of  llj  miles,  a  width  of  nearly  a  mile  and  a  half  in  the  broadest  part,  and 
flows  an  area  of  about  12.4  square  miles.  At  the  head  ifc  receives  Owasco  inlet,  draining  120  square  miles,  and 
itself  commands,  at  the  head  of  the  outlet  and  including  its  own  surface,  a  tributary  area  of  about  208  square  miles. 
The  country  bordering  the  foot  of  the  lake  is  flat,  while  elsewhere  the  immediate  shores  generally  display  a  narrow 
strip  of  level  land,  succeeded  by  an  easy  uniform  slope  upward  to  highlands,  rising  toward  the  head  of  the  lake 
from  1,000  to  1,200  feet  above  tide,  though  in  places  precipitous  bluffs  approach  close  to  the  water.  Tfiis'region  has 
been  mainly  denuded  of  its  timber,  but  has  a  fertile  soil  and  is  well  suited  either  to  the  raising  of  grains  or  to 
pasturage. 

The  bottom  of  the  lake  is  largely  covered  with  sand  and  the  shores  are  gravelly.  The  water  is-  shallow  toward 
the  head  and  foot,  but  attains  considerable  depth  elsewhere,  though  no  information  was  gained  of  any  soundings. 
Its  supply  is  derived  in  part  from  the  surface-drainage  of  its  basin,  and  also  in  large  part  from  springs,  which  may 
■extend  the  effective  drainage  area  beyond  the  limits  which  are  apparent  on  the  surface.  Thus  there  is  a  common 
belief,  though  it  is  uncertain  what  special  foundation  exists  for  it,  that  there  is  an  underground  connection  between 
•Owasco  and  Cayuga  lake,  8  or  10  miles  westward. 

Owasco  lake  freezes  entirely  over  in  winter,  though  not  commonly  until  February,  and  remains  closed  into 
March.  Thick  ice  usually  forms  in  the  outlet  before  the  lake  becomes  frozen,  but  as  soon  as  the  latter  freezes  its 
waters  seem  to  grow  warmer  and  the  ice  in  the  outlet  disappears,  or,  at  the  most,  only  a  thin  sheet  remains.  The 
«urfa«e  of  the  lake  was  raised  artificially  years  ago  and  the  flowage  increased  by  probably  from  300  to  500  acres  to  the 
present  amount:  At  the  same  time  a  new  and  much  straighter  channel  was  made  for  the  outlet  near  the  lake; 
but  southerly  storms  have  filled  this  considerably  with  sand,  to  the  injury,  it  is  said,  of  the  powers  along  the 
stream  below.  The  waterrsurface  is  subject  to  an  annual  variation  of  about  5  feet  between  high  and  low  water. 
It  is  also  liable  to  temporary  changes  in  level  of  6  or  8  inches,  due  to  winds,  and  even  of  a  foot  or  more  in  a  short 
time  when  a  north  or  south  wind  is  followed  by  the  opposite. 
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Table  showing  approximately  the  fall  in  Owasco  outlet. 


Locality. 

Elevation 
above 

mean  sea- 
level. 

I'all 
between 
points. 

Distance 
between 
points, 

map 
measure- 
ment. 

Fall  per 

mile 
between 
points. 

Authority  for  elevatioD. 

Feet. 
707 

405 

390 

377 

Feet. 
1        302 

!    « 

MUes. 
9.2 
2.8 

1.9 

Feet. 
32.8 
5.4 

6.8 

Elevation  as  given  by  E.  T.  Swart,  chief  engineer  of  Southern  Central 
railroad.    Shown  by  an  old  purvey. 

Elevation  assumed  (he  same  as  that  of  Port  Byron  level  of  Erie  canal 
=  402. 088  feet  -f  mean  low  tide  at  Albany. 

New  York  Central  and  Hudson  Eiver  Eailroad  profile.     Elevation 
estimated  from  giade  of  track  at  crossing,  elevation  of  latter  being 
402.06  feet. 

Estimated  from  elevation  of  Cayuga  lake.                                             ' 

Owasco  outlet,  New  Yorli  Central  and  Hudson  Eiver 
Eailroad  crossing  below  Port  Byron. 

As  shown  in  the  foregoing  table,  there  is  a  total  descent  of  about  330  feet  in  the  14  miles  from  Owasco  lake  to 
the  Seneca  river.  There  are  a  number  of  small  powers  employed  at  Port  Byron,  but  by  far  the  most  important 
use  of  the  outlet  is  at  the  city  of  Auburn.  This  place  is  distant  about  2J  miles  from  the  foot  of  the  lake,  has  a 
population  of  22,000,  and  is  the  site  of  a  large  amount  of  manufacturing,  partially  supported  by  water-power.  At 
the  head  of  the  outlet  the  state  has  a  dam  for  controlling  the  storage  of  the  lake.  O  n  the  privilege  thus  developed 
there  is  a  fall  of  16  feet,  and  in  a  full  stage  of  water  500  horse-power  is  utilized  by  the  Auburn  water-works ;  there 
is  also  a  saw-mill  on  this  fall  entitled  to  four-ninths  of  the  water.  Passing  down  through  the  city  there  is  a 
succession  of  dams,  with  usually  two  or  three,  and  often  more,  establishments  grouped  around  a  single  fall.  Many 
of  the  concerns  are  of  important  size,  and  especially  to  be  noticed  are  the  extensive  mowing-  and  reaping-machine 
works  of  Messrs.  D.  M.  Osborne  &  Co.,  and  the  Auburn  woolen-mill ;  the  latter  has  a  fall  of  22  feet  and  a  large 
pondage.  Power  is  also  employed  at  the  state  prison  and  at  various  mills  and  factories  other  than  those  already 
mentioned,  the  manufactures  comprising  a  variety  of  agricultural  implements,  flour,  woolen  goods,  tools,  axles, 
scythes,  wringers,  carpets,  starch,  lumber,  cast  goods,  patterns,  sashes  and  blinds,  and  other  articles. 

There  are  numerous  privileges  where  in  high  water  there  is  more  or  less  surplus  power,  but  there  is  stated  to 
be  probably  no  unoccupied  fall  of  importance  at  Auburn.  Although  some  of  the  manufacturing  concerns  on  the 
stream  at  this  locality  are  very  extensive,  they  invariably  rely  largely  upon  steam  for  motive  power,  and  it  is 
estimated  that,  in  general,  full  capacity  of  the  wheels  in  place  can  be  realized  only  five  or  six  months  in  the  year. 

The  available  storage  of  Owasco  lake  is  estimated  at  1,481,040,000  cubic  feet.(a)  Some  7  miles  below  Auburn 
the  state  has  a  second  dam  across  the  outlet,  and  through  a  feeder  4.  miles  or  more  in  length  so  much  of  the  water 
as  is  needed  is  conveyed  to  the  Port  Byron  level  of  the  Erie  canal,  the  latter  crossing  the  outlet  on  an  aqueduct. 
The  supply  of  water  obtained  in  this  manner,  average  for  an  assumed  period  of  220  days  of  canal  navigation,  is 
estimated  as  about  100  cubic  feet  per  second,(6)  as  folWws : 

Cubic  feet 
per  second. 

Owasco  Creek  feeder,  natural  flow 67 

Owasco  Lake  reservoir 33 

It  is  stated,  however,  that  an  increased  supply  can  readily  be  obtained  from  the  lake,  as  a  large  surplus  now 
wastes  over  the  Port  Byron  feeder-dam. 

Drainage  areas — Owasco  outlet. 

Square  miles. 
Owasco  inlet 120 

Owasco  lake  at  head  of  outlet 208 

Owasco  outlet  at  Auburn 212 

Owasco  outlet  at  mouth 230 

Slcaneateles  lake  lies  in  the  southwestern  part  of  Onondaga  county,  bordering  for  about  one-half  its  length 
upon  Cayuga  county  to  the  westward.  It  has  a  length  varying,  according  to  different  authorities,  from  about  13  to 
between  15  and  16  miles,  and  an  extreme  width  of  from  IJ  to  1^  mile.  As  shown  on  French's  map  of  New  York 
state,  the  flowage  is  a  little  over  15  square  miles,  or  say  from  9,600  to  9,700  acres.  The  drainage  area  at  the  foot  of 
the  lake,  or  head  of  the  outlet,  is  84  square  miles,  includiug  the  lake-surface,  and  117  square  miles  at  the  mouth  of 
the  outlet.  The  altitude  of  the  lake  is  stated  as  860^  feet  above  tide.(c)  Its  drainage  basin  is  quite  contracted, 
the  water-shed  line  seldom  departing  more  than  a  mile  and  a  half  from  the  banks,  except  southeast  of  the  head  of 
the  lake,  where  it  recedes  to  a  distance  of  nearly  5  miles.    There  is  no  marshy  land  bordering  the  lake-  on  the 

a  Five  feet  depth  on  a  mean  area  of  6,800  acres.  See  page  55,  Annual  Beport  of  the  State  Engineer  and  Surveyor  for  the  year  ending 
September  30,  1879. 

6  Sub-report  by  Marvin  Porter,  division  engineer,  page  92  of  above  report  by  state  engineer, 
c  French's  Gazetteer  of  New  York,  page  487. 
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contrary,  there  is  a  steady  rise  to  bii;U  bills,  and  toward  the  southern  extremity  the  banks  ascend  precipitously 
several  hundred  feet,  forming  very  wild  and  beautiful  scenery.  The  adjoining  land  is  well  suited  to  farming  on  the 
west  shore  for  say  7  miles  from  the  foot  and  on  the  east  to  within  4  miles  of  the  head  of  the  lake.  A  moderate 
amount  of  timber  is  yet  standing  in  this  section. 

Much  of  the  supply  of  Skiiueateles  lake  is  derived  from  hidden  springs,  and  its  watei's  are  very  clear  and  pure. 
The  surface  freezes  over  by  the  middle  of  January,  and  remains  trozen  until  April.  The  depth  near  the  outlet  is 
small,  ranging  from  10  to  30  feet,  perhaps,  but  the  bottom  then  suddenly  falls  away  50  feet  or  more.  The  greatest 
depth  is  found  south  of  Borodino,  which  is  about  half  way  up  the  lake,  the  deepest  sounding  being  320  feet.  The 
same  phenomenon  is  noticed  here  which  has  been  mentioned  in  connection  with  Seneca  lake.  Mr.  S.  D.  Gonover, 
of  Skaneateles,  who  has  for  years  regularly  recorded  the  level  of  the  lake,  is  firmly  convinced,  and  states  it  as  the 
general  opinion  among  people  in  this  vicinity,  that  the  lake  is  subject  to  tides  like  those  in  the  ocean.  They  occur 
throughout  the  year,  and  the  time  of  high  tide  varies  from  day  to  day;  but  whether  or  not  it  varies  according  to 
any  uniform  law,  Mr.  Conover  was  unable  to  say.  He  considers  that  these  movements  can  not  be  due  to  winds, 
for  they  are  noticeable  when  there  is  no  wind,  and  he  has  himself  observed  a  change  of  4  inches  in  level  in  a  perfectly 
calm  day.  Besides  these  regularly-recurring  oscillations  there  are  others,  plainly  due  to  storms  and  wind.  The 
lake  has  been  known  to  recede  9  inches  in  an  hour,  after  a  heavy  thunder-storm,  and  there  are  sometimes  several 
changes  or  pulsations  in  an  hour. 

The  following  table  shows  the  highest  and  lowest  water  levels  in  each  year  from  1870  to  1880,  referred  to 
extreme  high-water  mark.  In  1878  there  was  a  rise  of  level  of  IJ  inch  after  a  three  days'  rain.  In  1877,  from 
March  9  to  March  13,  the  lake  rose  7  inches;  and  from  March  13  to  April  3  it  rose  13  inches.  In  general,  lowest 
water  is  reached  toward  the  close  of  the  year,  while  the  highest  stage  occurs  in  spring  or  early  summer: 

Record  of  high  and  low  icater  in  Skaneateles  lake,  during  each  year  from  1870  to  1880,  as  kept  by  Mr.  S.  D.  Gonover,  of 

Skaneateles  village. 

[Levels  are  referred  to  extreme  lugli  water=zero.] 


Year. 


1870. 

1871 

1872, 
1873 
1874 


Higli  water. 

Ft.    In. 

May    23 

0      0 

May    10 

—3      2i 

jTUie    27 

—3      6i 

May    12 

—0      6i 

July      1 

0      0 

Low  water. 


Deceml)6r  5 
■  February  21 
'.  November  15 
February  24 
March  17 
Deceniber  29 


Ft.    In. 
-4   6i 


0 

11 
6 


Year. 


1875 
1870 
1877 
1878 
1879 
1880 


High  water. 

Ft.    In. 

April  22 

—2      2 

June    26 

—0      4 

April  30 

—1      3 

May      6 

—2      2J 

May      8 

—0      3J 

April  20 

—2      5 

Low  water. 


December  22 
December  19 
December  14 
November  18 
December  1 
October  all 


Ft.  In. 

—5  4i 

—3  8i 

—5  0 

-4  n 

—3  6 

—4  11 


a  Lafit  record  obtained. 

The  surplus  waters  of  the  lake  are  discharged  through  Skaneateles  creek  or  outlet,  running  about  13  miles 
northward  to  the  Seneca  river  and  lying  mainly  in  the  towns  of  Skaneateles  and  Blbridge.  The  fall  from  the  lake 
to  Seneca  river  is  in  the  neighborhood  of  485  feet,  and  with  the  supply  of  water  at  command  gives  a  steady,  and,  in 
the  aggregate,  important  amount  of  power,  which  already  has  been  largely  ptit  to  use.  In  1880  there  were  above 
Skaneateles  Junction,  which  is  between  5  and  6  miles  from  the  lake,  3  flouring-  and  grist-mills,  4  paper-mills,  2 
woolen-mills,  and  a  vacant  site  where  another  had  been  burned,  a  chair  factory,  a  rolling-mill  (not  in  operation),  a 
pulp-mill,  a  machine-shop  and  foundery,  an  estaTslishment  for  making  water-lime,  and  a  distillery;  besides  numerous 
mills  and  shops  farther  down  the  stream,  for  the  manufacture  of  flour,  machinery,  paper,  and  various  articles  in 
wood. 

There  yet  remain  many  unimproved  sites  along  the  outlet,  which  it  is  the  general  desire  to  see  developed,  and 
which  are  said  to  be  held  at  very  reasonable  prices.  The  locality  is  convenient  of  access,  and  on  account  of  the 
small  size  and  rocky  bed  of  the  outlet,  and  the  steady  flow  and  immunity  from  freshets  secured  by  the  lake,  the 
privileges  may  be  securely  and  yet  cheaply  improved.  The  Skaneateles  railroad  follows  the  outlet  about  half  way 
down  its  course,  from  the  foot  of  the  lake  to  the  New  York  Central  railroad  (Auburn  line),  and  the  direct  line  of 
the  latter  road  also  crosses  the  stream  between  1  and  2  miles  from  its  mouth. 

The  waters  of  the  lake  and  outlet,  besides  being  employed  for  power  in  manufacturing,  are  utilized  by  the  state 
for  feeding  the  Erie  canal.  In  order  to  control  the  storage  in  the  lake  a  dam  is  maintained  at  the  head  of  the 
outlet.  The  flow  over  this  dam  passes  down  the  natural  channel  of  the  stream,  being  used  at  the  mills  on  its  way, 
and  about  2J  miles  from  the  mouth  is  diverted  by  a  second  state  dam  into  a  short  feeder  running  to  the  Jordan 
level  of  the  Erie  canal.  The  state  could  so  regulate  the  flow  from  the  lake  as  to  shut  off  for  a  time  the  supply 
from  the  mills;  it  is  not  done,  however,  in  practice,  and  if  it  were,  a  liability  for  damages  would  be  created,  it  is 
claimed,  as  the  manufacturers  consider  that  they  are'  entitled  to  the  benefit  of  the  natural  flow.    It  is  stated  that 

the  lake  can  be  drawn  down  as  much  as  8  feet  from  extreme  high-water  line,  but  the  common  estimate  of  available 
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storage  for  canal  purposes  is  a  depth  of  6  feet  for  an  average  area  of  8,320  acres,  or  2,174,515,200  cubie  feet.(a)- 
The  supply  that  may  be  relied  upon  from  this  lake  and  outlet  for  a  period  of  120  days  is  reckoned  as  about  146 
cubic  feet  per  second,  (b) 

Table  showing  the  fall  in  Slcaneateles  creek. 


Locality. 

Elevation 
abov« 

mean  sea- 
level. 

Fall 
between 
points. 

Distance 
between 
points, 
by  map 
measure- 
ment. 

Authority  for  elevation. 

Skaneftteles  lake 

Feet. 
860.  25 

410.64 
382.00 
375.  00 

Feet. 

449.  61 
28.64 

7.00 

Miles. 
S          11.7 

I            1.5 

French's  Gazetteer  of  New  Torlc               ' 

Elevation  assumed  the  same  as  that  of  Jordan  level  of  Erie 
canal  =  408.568  feet  +  mean  low  tide  at  Albany. 

Elevation  estimated  from' New  York  Central  Bailroad  profile, 
grade  of  track  at  crossing  being  392.07  feet  +  ocean-leveL 

Elevation  estimated  from  that  of  Cayuga  lake. 

"Water-surface  at  Jordan  crossing  of  New  Tort  Central  railroad  . . 
M"Titli  of  crftftk  , 

Onondaga  lake  lies  in  the  northern  central  part  of  Onondaga  county,  immediately  to  the  northwest  of  Syracuse, 
and  empties  northward  into  Seneca  river  through  a  state  ditch  less  than  half  a  mile  long.  It  has  a  surface  of 
approximately  4.1  square  miles,  an  extreme  length  of  between  4  and  4J  miles,  and  is  perhaps  IJ  mile  wide  in  the 
broadest  part.  The  principal  tributaries  are  Onondaga  creek,  draining  118  square  miles,  and  Nine-Mile  creek,  100 
square  miles ;  while  the  total  area  of  the  drainage  basin  above  the  foot  of  the  lake  is  267  square  miles.  The  elevation 
of  the  lake  is  variously  given  as  361  (c)  and  369(<?)  feet  above  tide,  and  the  greatest  depth  is  stated  as  65  feet.  The 
water  is  shallow  for  half  a  mile  ©"ut  from  the  shore,  and  then  ^rapidly  deepens. 

As  described  by  Mr.  Gardner  Van  Uxem,  this  lake  is  "the  remains  of  an  ancient  and  deep  excavation  in  the 
Onondaga  salt  group,  of  which  Onondaga  valley  forms  the  southern  part,  all  which  has  been  filled  up  with  sand, 
gravel,  etc.,  except  the  part  occupied  by  the  lake.  *  *  *  The  bottom  of  Onondaga  lake  and  its  sides  are 
covered  with  lake  marl,  showing  a  thickness  where  bored  of  6  and  more  feet"-  The  famous  salt  springs  of  this 
locality  are  found  in  and  about  a  marshy  piece  of  ground  which  extends  some  2  miles  from  the  head  of  the  lake. 
The  shores  of  the  latter  are  low,  largely  reclaimed  land,  but  are  succeeded  farther  back  by  a  rise  to  high  ground. 
The  lake  fills  in  spring,  overflowing  its  borders,  and  then  gradually  declines  in  level  through  the  year.  So  far  as 
can  be  learned  there  is  no  power  in  use  on  the  outlet,  and  no  opportunity  for  any. 

Otiseo  lake  lies  southwest  of  Onondaga  lake  and  2^  or  3  miles  east  of  Skaneateles  lake.  It  drains  to  the  former 
of  these  through  Nine- Mile  creek,  which  really  has  a  length,  by  map  measurement,  of  about  18  miles.  This  creek  has 
a  fHll  of  36L  feet  to  the  Camillus  feeder-dam,  and  a  total  of  about  411  feet  to  the  level  of  Onondaga  lake.  The  power 
thus  afforded  is  partially  utilized  by  a  considerable  number  of  mills,  embracing  in  their  production  flour,  lumber, 
paper,  powder,  lime,  and  leather.  As  represented  on  a  map  of  the  middle  division  of  the  Erie  canal,  with  its 
reservoirs  and  feeders,  Otisco  lake  flows  4  square  miles.  In  the  Annual  Report  of  the  State  Engineer  and  Surveyor 
for  the  year  ending  September  30,  1879  (page  55),  the  storage  is  placed  at  784,000,000  cubic  feet.  In  the  same 
report  (page  92)  the  supply  of  water" afforded  is  stated  as  about  116  cubic  feet  per  second  for  120  days,  from  the  lake, 
in  addition  to  which  the  natural  flow  of  the  outlet  yields  for  feeding-purposes  13  cubic  feet  per  second  for  220  days; 
it  is  also  stated  that  the  lake  has  a  drainage  basin  of  22^000  acres,  and  that  by  raising  its  surface  2  feet  the  supply 
from  it  can  be  further  increased  by  10  cubic  feet  per  second. 

Table  showing  the  fall  in  Nine-Mile  creek. 


Locality. 

Elevation 
above 

mean  sea- 
level. 

Fall 
between 
points. 

Distance 
between 
points,  by 
map  meas- 
urement. 

Authority  for  elevation. 

Otisco  lake 

Feet. 
772 

411 
301 

Feel.- 
\          361 

Miles. 
11.4 

0.7 

French's  Gazetteer  of  New  York,  p.  486. 

Elevation  assumed  the  same  as  that  of  Jordan  level  of  Erie  canal  =408.668  feet-H  mean  low 
tide  at  Albany,  or  410.64  feet -f  mean  sea-level. 

French's  Gazetteer  of  New  York,  p.  22. 

Onondaga  lake 

a  See  sub-report  by  Marvin  Porter,  division  engineer,  page  55  of  Annual  Report  of  tlie  State  Engineer  and  Suniej/or  for  the  year  ending 
September  30,  1879. 

i  Page  92,  report  last  referred  to.  * 

c  French's  Gazetteer  of  New  York,  page  32. 

d  Notes  upon  the  Geological  Hititory  of  Cayvga  and  Seneca  Lakes,  by  Charles  W.  Poote,  A.  M. 
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The  state  has  a  dam  at  the  foot  of  the  hike  for  controlling  its  storage ;  the  discharge  over  this  passes  down  the 
natural  channel  of  Nine-Mile  creek,  and  between  11  and  1'2  miles  down  stream,  at  Oamillus,  is  by  a  second  dam 
turned  into  a  feeder  running  a  mile  and  a  half  to  the  Jordan  level  of  the  Erie  canal. 

Table  of  utilized  poiver  on  the  Oswego  river  and  tributaries. 


stream. 

Tributary  to  what 

State. 

County. 

Kind  of  mill  or  mann- 
facture. 

1 

Cm 
O 

1 

3 

i 

3 

o 

H 

u 
•a 

u 

r 

a 

n 

3* 
'm 

3 

f 

Kemarks. 

Oswego  river 

Do 

Lake  Ontario 

....do 

New  York 

..  do 

Oswego 

do 

1 
1 
1 
1 
1 
1 
4 

15 
1 

1 
1 
3 

3 
4 

3 

2 

3 
5 
1 

1 
2 
1 
1 
1 
2 
18 
1 
1 
1 
1 
3 
2 

ieet. 

s 

0 

1 

t 

V 
o 

bo 
<D 

I 
o 

•!■ 
g 

1 
1 

(41 

o 

3 
J 

3 

40 

9 

118 

115J 

13 

9 

129 

6 

35 

116 

4 

4 

40 

12 

6 

8 

46 

325J 

24 

17 

9 

8 

55 

29 

B.P. 
16 
25 

JI.P. 

Do 

..  do 

....do 

do  . 

Do 

....do 

....do 

...do  

Coffins  and  bnrial-cases... 
Cutler.y  and  edge-tools 

Do 

....do  

....do  

.  ..do _ 

....do  

40 

Do 

...do 

....do  

Do 

....do 

....do    .  . 

.  do 

Not  inclnding  those  in  conaeo- 
tion  with  mills.. 

Do 

...do 

....do  

....do    

Flouring  and  grist 

Flux   

1,939 

25 

15 

70 

223 

40+ 
830+ 

140 

75 

8 

200 

Do 

....do  

....do  

....do 

Do 

....do 

....do 

....do  

Do 

....do 

....do 

....do 

Do 

...do 

....do 

....do 

Mochinesliops  and  found- 
eries. 

Malt           

Do  

do 

...do 

....do  

Do.? 

do 

....do 

...  do 

Paper    (including    wood- 
pulp). 

Do 

....do  .... 

....do 

...  do  

Do 

....do 

do 

...,do 

Plaster 

Do 

....do 

....do  

....do  

Printing  and  publishing . . 

Do  . 

....do  

....do  

....do  

Supply  Oswego. 

Do 

....do  

...  do  

...do 

Do  ■ 

....do  

...do 

....do 

Saslies,  doors,  and  blinds.. 

10 
156+ 
1,220 

65 

48 
120 
140 

30 

25 
1,270 

60 

483 

"■"eo" 

Do' 

....do  

....do  

....do 

Do 

do 

....do  

....do 

Do  .. 

....do 

....do  

....do 

Do 

....do  

...  do 

....do 

Do 

....do  

....do  

....do  

Window  blinds  andshades 
Wooden  packing-boxes  . . . 
Wooden  ware 

Do 

....do  

....do  

....do 

Do 

....do- 

...  do 

....do 

Do 

....do  

....do  

....do 

Woolen     

Do 

....do    

....do    

....do 

Worsted                  . . ! . . 

Do 

...  do    ... 

do 

Onondaga 

....do  

Coffins  and  buriai  tfases . . . 

Do 

.    do 

....do    

Oawego  river 

Oneida  river 

Oneida  lake 

do 

..  do   .      ... 

....do    

Flouring,  grist,  and  saw. . . 

120 
92 
29 

185 

124 

60 

30 

25 
60 

....do  

Oswego 

Madison 

do  .  ..■•.. 

Canaseraga   creek 
and  tributaries. 

Do 

....do  

.  do 

Flouring  and  grist 

•  Mills  nearly  all  on  tributaries. 

Do 

....do 

....do  

....do 

Chittonango  creek 
and  tributaries. 

Do      .    . 

....do 

....do 

...do 

1 

....do  

...do 

....do  

Cutlery  and  edge-toola 

Flouring  and  grist 

Iron  castings  and  finish- 
ings. 

Do 

....do  

....do 

....do  

294 
25 

180 
70 
6 
6 
22 
30 
10 

100 
68 

631 
10 
00 
10 
10 

220 
70 

45 

Do 

.  .  do 

....do  

....do 

Do 

..  do 

....do  

....do 

>  Mills    nearly    all    on     main 
stream. 

Do 

...do  

...do 

....do  

Do 

do    

do 

....do  

Sporting  goods 

Do 

do 

...  do  

....do  

Wheelbarrows 

J 

Do 

....do  

....do  

Onondaga 

....do  

Agricultural  implements. . 

Do 

..  do 

...do 

Do 

do 

....do  

....do 

Do 

do     . 

...  do  

....do  

Cement 

Do 

..  do 

....do  

....do 

Do 

.    do 

...do  

...do  

Flouring  and  grist 

Do 

do 

....do  

..do 

>  Mills  all  on  tributary  streams. 

Do 

do 

...  do  

...do  

Hones  and  whetstones 

Do 

do 

...do  

...do 

Do 

do     

...do  

...do  

Do 

do                    

.    do    

...do 

Paper 

Do 

do    1 

...do 1 

...do 

Sashes,  doors,  and  blinds . . 
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Table  of  utilized  power  on  the  Oswego  river  and  tributaries — Contiaued. 


stream. 

Tributary  to  wbat. 

State. 

County. 

Kind  of  mill  or  manu- 
fdCtore. 

o5 

S 

o 

u 

1 

1 
1 

1 

O 

11 

3 

o 
EH 

i 

V 

■SI 
1       ' 

Kemarks. 

Chittenango  creek 

Oneida  lake 

do    

ITew  York 

do    

Onondaga 

.      do 

Saw      

16 

1 
1 
4 

9 
3 

1 
3 

1 
1 
2 
31 
3 
1 
2 
1 
1 
1 
1 
1 
9 
7 
1 

2 

7 
1 
5 
1 
1 
1 
1 
5 
1 
6 
1 
3 
1 
1 

3 
6 
5 

22 
1 

1 

1 

1 
1 
9 

1 

1 
1 
5 

2 

1 
3 
1 
5 
1 
2 
1 

Feet. 
258i 

11 
16 
48 

127i 

30 

9 

28 

11 

5 

19 

365 

34 

6 
30 

7 

9 
13 

9 

16 

106 

m 

10 

24 
144 

69 
23J 
12 
8 
11 
66 

67 
23J 
21+ 
8 
10 

44 
100 

62 
262i 

15 

§ 
s 

-a 

"S 

is 

1 

00 

i 

O 

1 

S-P. 
538 

3 

14 
37 

358 
66 
50 
41 

15 

30 

27 

730 

38 

5 

85 

60 

4 

14 

20 

25 

237 

246 

30 

30 

363 

10 

83 

76 

10 

14 

24 

385 

8 

164 

18 

62 

10 

20 

90 
142 
185 
681 
40 
45 

60 

B.  P. 

10 

50 

10 
60 

40 

70 
76 

65 

76 
80 

V 

and  tiibntaries. 
Do 

•  Mills  all  on  tributary  streami. 

Do  

do 

do 

do    .     ... 

Wood ,  turned  and  carved . . 
Agriculturalimplementff. . 

Flouring  and  grist 

Ksh     creels     and 

do 

do    . 

Oneida 

do 

tributaries. 
Do 

do 

do           

Do 

do 

do 

do 

Do  

do 

do 

do 

Honea  and  whetstones  — 

Iron  caatinga  and  finish- 
ings. 

Do 

do 

do 

do 

Do 

....do  

...do 

...  do  

Do 

...  do 

do    

do 

Do 

...  do  

...  do  

Saaliea,  doors,  and  blinds. - 
Saw                              

Do 

....do 

.do         

do-     ..     . 

Do 

...do 

do       

do 

Do....: 

do 

do 

do 

Do 

.  do 

do 

do 

"Wooden  packing-boxes  . . . 

Do 

do 

do            .  •  . 

do 

Do  

do 

do 

Wood,  turned  and  carved. 

Do 

....do  

....do 

....do 

Do 

do 

do 

do 

Do 

do 

do 

Oswego 

....do 

Flouring  and  grist 

Saw                  .        .     . 

Do 

...do 

....do  

Do 

....do 

....do  

do 

...do 

..-..do 

Madison 

do 

Agricultural  implements. . 

tributaries. 
Do 

...  do  .          .     .     . 

.  do 

Do 

..    do 

.   .  do 

do 

Flouring  and  grist 

Excepting  silk-mill  and  one 

Do 

....do  

....do 

....do 

•     fertilizer  factory,  mills  all 
on  main  stream. 

Do 

. .  do  . . 

do 

do 

Saw 

Do 

....do 

....do  

do 

Silk    .  ... 

Do 

....do    

...do 

do  . 

"Wooden  packing-boxes .  - . 
Agricultural  implements 

Do 

do 

...do  .. 

Oneida 

....do 

Do 

....do  

....do  

Do 

....do  

....do    ... 

do 

Flouring  and  grist 

Do 

....do  

....do 

,  Witb  two  exceptions,  mills  al' 
'     on  tributary  streams. 

Do 

....do 

....do    

do 

Saw 

Do 

....do 

...do  

do 

Surgical  appliances 

Wooden  packing-boxes  : . . 

Do 

....do  

....do- 

do 

Do 

....do 

....do  

....do  

....do  

....do  

....do 

taries. 
Do 

....do 

...do 

....do    

Flouring  and  grist 

Saw 

Do 

....do 

....do 

....do  .     .  . 

Do 

....do    

...do  

Oswego 

....do  . 

Flouring  and  grist 

Saw 

Do 

....do 

...do 

Do 

....do  

....do 

....do 

Seneca  river   

Oswego  river 

....do 

....do 

Seneca 

....do  

Carriage  and  wagon  ma- 
terials. 

Do 

....do  

Do 

....do  

....do 

....do  

Distillery- 

Do 

....do 

....do 

...,do  

Files 

85 

610 

20 

160 

12 

360 

27  ' 
20 
60 
20 
176 

10 
95 

55 

Do 

-do        .    ' 

....do 

..do 

Flouring  and  grist 

Iron  castings  and  finish- 
ings. 

Do 

....do  

....do 

....do  

Do 

....do  

...do 

....do  

Do 

....do  

....do  

....do 

Lumber,  planed 

Do 

do 

....do  

....do  

Macbinery        (including 
pumps). 

Malt 

Do  

....do  

....do  

....do  

Do 

..  do          

...do  

do 

Orcrans 

Do 

do                .  .. 

...do  

....do  

Printing  and  publishing  . . 
Sashes,  doors,  and  blinds. . 
Saw 

Do 

.  do 

....do  

...  do 

Do 

do    

....do 

....do 

Do             

....do 

....do 

....do  

Table-mats 

Do 

do       

....do  

....do  

Wood,  turned  and  carved. 
Woolen 

18 
175 

200 

Do 

...do  

...do 

....do 
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Table  of  utilized  power  on  the  Oswego  rircr  and  tributaries — Continued. 


stream. 


Sencoa  river 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Keuka  outlet 

Sundry  tributaries 

Do 

Do 

Do 

Do 

Dq , 

Do 

Do , 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do.. 
Do.. 
Do.. 
Do.. 
Do-. 
Do.. 
Do.. 
Do.. 


Mud     creek 
tributaries. 


and 


Do. 

Do. 

Do. 

Do 

Do. 


Tributary  to  what. 


Sundry  small  tribu- 
taries. 

Do , 

Do 

Oflnandai^a  out- 
let and  tributa- 
ries (not  includ- 
ing those  run- 
ning into  Canan- 
daignalake). 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 

Do. 
Do., 


Oswego  river . 

...do  

...do  

...do  

...do 

...do 

...do 

...do 

...do 

Seneca  lake... 

Xeuka  lake... 

....do  

....do 

...do 

Seneca  lake... 

...do 


...do 

...do 

...do 

...do 

Cayuga  lake . 

...do 

...do 

...do 

...do 

...do 

...do 

.-.do 

--.do 

...do 

-.-do 


....do  

...do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

Clyde  river  . 


..do  . 
..do. 
..do. 
..do. 
..do  . 
..do. 

..do. 
..do  - 
..do  . 


..do. 
..do  . 
..do  . 
..do  . 

..do. 

..do. 
.do- 
do - 
.do- 


State. 


New  York  - 

...do  

...do 

...do 

...do  ...„. 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do  

...  do  

...do  

...do 

---do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


.do  . 
.do. 
.do. 
.do. 


.do. 
.do  . 
-do  . 

-do. 
.do. 


County. 


Onondaga. 

....do , 

....do 

...do 

...do  

...do 

...do  

...do  

....do  

Tates 

Steuben  ... 

...do 

....do 

...do 

Cayuga.... 
Schuyler... 

...do 

...do 

Seneca 

Tates . 

Cayuga.... 

...do  

Cortland... 

...do 

Suhnyler... 

...do 

Seneca 

...do 

...do 

Tompkins  . 
...do 


....do  ... 
....do... 

...do-.. 

...do  ... 

...do  ... 
...do  ... 

...do  ... 

...do... 
...do... 

"Wayne  . 

...do... 
..  do... 
Ontario . 
...do  ... 
...do... 
Seneca.. 


Wayne  . 
..  do... 
...do  ... 


Ontario . 
...do..- 
...do  .-- 
...do  ... 


.do  . 
do. 
.do  . 

.do  . 
.do. 


Kind  of  mill  or  manu. 
I'acture. 


Agricultural  implements 

Carriages  and  wagons 

Fertilizers 

riouring  and  grist 

Hosiery 

Paper 

Pumps 

Sashes,  doors,  and  blinds. 

Saw  and  planing 

Flouring  and  grist 

..  do •... 

Saw  

"Wooden  packing.boxes    . . 

Woolen 

Fertilizers 

....do 

Flouring  and  grist 

Saw 

Flouring  and  grist 

...do 

....do 

Saw 

....do 

Flouring  and  grist 

...  do 

Saw 

Flouripg  and  grist 

Saw 

"Woolen 

Agricultural  implements. 

Carriage  and  wagon  ma. 
terials. 

Cooperage  

Fertilizers 

Flouring  and  grist 

Millwrighting , 

Paper 

Sashes,  doors,  and  blinds.. 

Saw 

Tannery - 

"Woolen 

Flouring  and  grist 


Saw  

"Woolen , 

Agricultural  implements 

Flouring  and  grist 

Saw 

Flouring  and  grist 


...do 

Saw 

Flouring  and  grist.. 


Agricultural  implements. 
Blacksmithing 

Carriages  and  wagons 

Carriage  .and  wagon  ma. 
terials. 

Fertilizers 

Flouring  and  grist 

Iron  castings  and  finish- 
ings. 

Paper 

Saw 


i 

^  OJ 

Is 

o 
H 

i 
la 

Feet. 

S.P. 

S.P. 

■^   r 

5 

50 
16 
20 

"f 

690 

s 

100 

30 

22 
25 
30 

25 

63i 

420 

19 

40 

^... 

25 

25 

25 

6 

32 

'   17 

12 

20 

115 

40 

299 

246 

80 

97i 

117 

30 

40 

40 

20 

226J 

206 

68 

276 

348 

173 

65 

105 

6 

15 

22 

27 

22 

45 

38-1- 

76 

121 

99 

16 

12 

18 

12 

10 

43 

75 

15 

3D 

24 

25 

73 

48 

70 

013 

1,325 

110 

7 

4 

52 

252 

45 

16 

10 

15 

269 

602 

15 

13 

10 

47i 

74 

92 

101 

386 

20 

14 

15 

4 

16 

30 

12 

166 

269 

58 

47 

16 

19 

12 

26 

11 

26 

17 

110 

71J 

120 
5 

10 

16 

13 

57-1- 

125 

26 

52 

177J 

584 

30 

6 

20 

40 

232 

162 

lOli 

224 

Kemarks. 
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Table  of  utilized  power  on  the  Ostcego  river  and  tributaries — Continued. 


stream. 


SnndTj  tributaries. 

Do 

Do 

Do 

OwaBco  outlet 

Do 

Do 

Do 


Do. 
Do., 
bo.. 
Do., 
Do.. 
Do., 

Do., 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do..., 

Sundry  tributaries 


Do. 
Do. 
Do. 


Do , 

Do 

Do 

Do 

Do , 

Do 

Skaneateles  outlet 

Do , 

Do , 

Do 

Do , 


Do 

Do 

Do 

Do 

Do 

Do , 

Do 

Tributaries 

Do , 

Nine-Mile  creek . 

Do 

Do 

Do ... 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries 


Do. 


Onondaga      creek 
aud  tributaries. 


Do. 


Tributary  to  what 


Canandaigna  lake. 

...do 

...do 

..do 

Seneca  river 

...do 

...do 

...do 


.do. 

do  . 
.do. 
.do. 
.do. 

do. 

.do. 
-do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


,...do 

Owasco  lake  and 
outlet 

...do  

...do 

...do 


do  . 
.do  . 
.do. 
.do. 
-do. 
.do. 


.do. 
.do. 
.do 
.do. 


....do 

...do , 

....do 

...do , 

...do , 

...do  

...do  

Skaneateles  lake., 

...do  

Onondaga  lake... 

..do 

...do  

...do 

...do  

...do 

...do 

...do 

...do , 

...do 


Nine-Mile    creek 
and  Otisco  lake. 

...do  

Onondaga  lake 


.do. 


State. 


New  York . 

...do 

...do 

...do 

...do  

...do 

...do 

...do 


.do. 
.do. 
.do. 
do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 

.do  . 
.do. 
.do. 

.do. 
do. 
.do. 
.do. 
■  do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do  . 

.do  . 
.do. 
.do. 
.do  . 
-do 
.do. 
.do. 
.do. 
.do. 
do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do  . 

.do. 


County. 


Ontario . 
...do... 
...do... 
Tatea... 
Cayuga . 
...do... 
...do... 
...do... 


.do. 
.do. 
.do. 
do. 
.do  . 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do  . 
.do. 

.do. 
.do. 
.do. 


...do 

...do  

...do  

...do 

...do  

Tompkins  . 
Onondaga. . 

...do  

...do  

...do 

...do- 


...do , 

...do  

...do 

...do 

...do , 

...do 

...do 

Cortland . . 

...do 

Onondaga. 

...do , 

...do , 

...do , 

...do , 

...do 

...do 

...do^ 

...do 

...do , 

...do 


.do. 
.do. 


.do. 


Kind  of  mill  or  manu- 
facture. 


Flouring  and  grist 

Saw „ 

Wheelwrigliting 

Flouring  aud  grist 

Agricultural  implements . 

Carpentering 

Carpets 


Chewing-  and  smoking-to* 
bacco  and  snuff. 

City  water. works  operated. 

Fertilizers 

Files 

Flouring  and  grist 

Hardware 

Iron  castings  and  flnisb- 
ings. 

Iron,  forged 

Macbinery 

Models  and  patterns 

Sashes,  doors,  and  blinds.. 

Saw 

Starcb 

Tin,  copper,  and  sheet-iron. 

Washing-machines      and 
clothes- wringers. 

Woolen 

Cooperage 


Flouring  and  grist 

Machinery 

Pickles,    preserves,    and 


Saw 

Tannery 

Wheelwrighting 

Wood,  turned  and  carved . 

Woolen 

Flonring  and  grist 

Cement.. 

Fertilizers 

Flouring  and  grist 

Farniture 

Iron  castings  and  finish. 
ings. 

Lumber,  planed 

Machinery 

Malt 

Paper 

Saw 

Wheelbarrows 

Woolen 

Animal  oil 

Flouring  and  grist 

...do  

Gunpowder 

Lime 

Machinery 

Paper 

Pearl.barley 

Saw .' 

Tannery 

Wood,  turned  and  carved. . 

Woolen 

Flouring  and  grist 


Saw 

Flouring  and  grist . 

Saw 


■5 


3 

o 


4G2 


Feet. 
83 
67 
14 


70 

236 
8 
16 

357 
10 


14 
61 
9 
8 


25) 
20 
18 
80 
8 
13 
34 
12 
58 
122 

10 

19 

32 

14 
101 

10 
6 

46i 
117 

126 
147 

73+1 


1?^ 


S.P. 
130 


124 
310 


185 


bfe 


S.  P. 


81 

75 

15 

30 



671 

465 

28 

206 

9 

500 

50 

26 

295 

35 

140 

12 

300 

450 

112 

26 

53 

18 

25 

35 

10 

10 

20 

480-1- 

280 

64 

544 

6 

25 

16 

530 

35 

10 

8 

10 

14 

15 

10 

75 

27 

24 

39 

540 

45 

138 

15 

81 

20 

57 

20 

30 

615 

22 

45 

20 

60 

35 

68 

315 

18 

40 

40 

228 

15 

112 

12 

16 

165 

10 


Bemarks. 


Principal  mannfaotniing  «4 
Anbom. 


The  total  of  fall  utilized  on  the 
outlet  can  not  accurately  be 
determined  from  the  figures 
here  given,  aa  some  of  the 
falls  may  be  duplicated,  the 
census  enumerators' retama 
not  distinguishing  where 
several  mills  are  located 
about  a  single  dam,  as  is 
sometimes  the  case.  Entire 
fall  in  outlet,  about  485  feet. 
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Table  of  utilized  potoer  on  the  Oswego  river  and  tributaries — Continued. 


stream. 


Ononda^      creek 
and  tributaries. 

Other  tributaries . 

Sundry  tributaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


\ 
Tribntaiy  to  what. 


Onondaga  lake.. 

...do  

Seneca  river 

...do 

..do 

...do 

...do 

...do 

...do 

Oswego  river . . . 

...do 

...do 


State. 


Xew  York . 


.do. 
.do. 
.do. 
.do. 
-do. 
.do. 
.do  . 
-do. 
..do. 
..do. 
..do. 


County. 


Onondaga. 


...do... 

do  .*. 

...Ao... 
...do.'.. 
....do... 
Cayuga . 
...do  ... 
....do... 
Oswego . 
...do... 
...do... 


Kind  of  mill  or  monn- 
faotuie. 


Wheelwrighting 

Fertilizers 

Flouring  and  grist 

Saw 

Tannery 

Wheelbarrows 

Cutlery  and  edge.tools 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Saw 

Tannery 


3 

a 


Feet. 
13 

26 
10 
11 

ei 

12 
13 
67 
71 
9 
30 
11 


B.P. 
i 

82 
18 
20 
16 
15 
10 
80 
67 
10 
61 
12 


B.P. 
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Remarks. 


III.— THE  GENESEE  RIVEE. 

This  river  lias  its  source  in  Potter  county,  northern  Pennsylvania,  8  or  10  miles  south  of  the  New  York  boundary. 
Entering  Allegany  county  of  the  latter  state,  it  runs  northwesterly  32  miles,  by  general  course,  but  in  the  town  of 
Caneadea  turns,  and  pursues  a  northeasterly  direction  thence  to  the  mouth,  a  distance  measured  in  a  straight  line 
of  about  63  miles.  It  empties  into  lake  Ontario  7  miles  north  of  Eochester.  Besides  passing  across  Allegany 
county,  the  river  forms  part  of  the  boundary  between  the  counties  of  Wyoming  and  Livingston,  and  then  strikes 
successively  across  the  latter  and  Monroe  to  the  lake.  By  map  measurement,  the  entire  length  following  the  bends 
is  about  135  miles,  and  the  drainage  area  2,496  square  miles.  In  the  northern  counties  the  surface  is  rolling,  with 
long,  easy  slopes,  except  along  the  streams,  which  usually  lie  in  deep  ravines  hemmed  in  by  steep  banks.  There 
is  a  gradual  rise,  on  the  whole,  away  from  the  lakes,  and  in  the  upper  half  of  the  basin  the  country  becomes  rough 
and  is  broken  by  ridges  the  summits  of  which  attain  elevations  of  from  2,000  to  2,500  feet  above  tide.  Splendid  pine 
forests  once  covered  this  whole  section,  but  have  now  mostly  been  cut  away.  The  soil  is  of  good  quality  and  well 
suited  to  the  raising  of  grain.  In  the  extreme  upper  basin  the  slopes  are  too  steep  for  convenient  cultivation,  but 
stock-raising,  wool-growing,  and  dairying  are  everywhere  successfully  carried  on,  and  are  probably  the  leading 
industries.  The  prevailing  rocks  are  sandstones,  limestones,  and  shales.  These  supply  abundance  of  fine  building- 
stone,  and  by  their  disintegration  form  a  fertile  soil.  Drift  deposits  are  well  distributed  over  this  region,  though 
they  are  not  very  extensive  toward  its  southern  limits. 


Table  showing  the  fall  in  the  Genesee  river. 

Locality. 

Distance 

above 

mouth,  map 

measure. 

ment. 

Elevation 
of  water. 

surface 

above  mean 

sea-level. 

FaU 
between 
points. 

Distance 
between 
points. 

Fall 
per  mile 
between 
points. 

Authority  for  elevation. 

Belvidere  crossing  of  the  U'ew  York,  Lake 
Erie,  and  Western  railroad. 

Portage  crossing  of  the  If  ew  York,  Lake  Erie, 
and  Western  railroad. 

Slack-water  above  Mount  Morris  dam 

Avon  crossing  of  the  New  York,  Lake  Erie, 
and  Western  railroad,  Rochester  division. 

Slack-water  above  feeder-dam  at  Eochester. . 

Milei. 
106.3 

65.0 

49.8 

28.4 
9.8 

0.0 

Feet. 
1, 333 , 

1,080  J 

605? 

538 1 
610 1 

,247-' 

Feet. 
253 
475 

67 

28 

263 

Miles. 
39.4 
16.1 

2L4 

18.8 

9.6 

Feet. 
(6)        ] 

■■•! 

Levels  of  New  York,  Lake  Erie,  and  Western  railroad,  (a) 

Do. 

New  York  state  canal  profiles  give  elevation  as  602.64  feet 
+  mean  low  tide  at  Albany,  =  604.71  feet  +  mean  tide  at 
New  York. 

Levels  of  New  York,  Lake  Erie,  and  Western  railroad. 

New  York  state  canal  profiles  give  elevation  in  connecting 
level  of  Erie  canal  as  507.976  feet-f  mean  low  tide  at  Al- 
bany, =  510.045  feet  +-meali  tide  at  New  York. 

As  stated  at  the  oface  of  the  Chief  of  Engineers,  U.  S. 

army,  the  mean  surface  from  January  1,  1860,  to  Decem. 
her  31, 1875,  is  246.61  feet  above  mean  tide  at  New  York. 

o  For  elevations  on  this  railroad,  thanks  are  due  to  Mr.  0.  Channte,  chief  engineer. 
6  Descent  occurs  largely  in  abrupt  falls  and  rapids  at  Portage  and  vicinity. 
e  Concentrated  in  abrupt  falls  at  Rochester. 


From  the  New  York,  Lake  Erie,  and  Western  Kailroad  crossing  at  Belvidere,  near  the  center  of  Allegany  county, 
down  to  the  crossing  by  the  same  company's  line  at  Portage,  a  distance  of  39.4  miles,  the  fall  in  the  water-surface 
is  253  feet,  or  an  average  of  6.4  feet  per  mile.     At  Portage  the  river  plunges  down  in  three  magnificent  Mis.    It 
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rons  at  the  bottom  of  a  deep  gorge,  which  continues  nearly  to  Mount  Morris,  and  from  under  the  Portage  bridge 
to  the  crest  of  the  old  state  dam  at  Mount  Morris,  16.1  miles,  the  fall  is  475  feet.  Thence  down  to  Eochester  the 
rivec  flows  through  a  broad,  open,  and  ferule  valley,  estimated  to  average- nearly  2  miles  in  width,  and  is  bordered 
by  meadows  subject  to  occasional  overflow.  In  the  vicinity  of  Mount  Morris  they  are  said  to  have  been  submerged 
three  times  in  twenty  years.  The  descent  is  moderate,  and  in  the  40.2  miles  from  the  crest  of  the  Mount  Morris 
dam  to  the  crest  of  the  state  dam  at  Eochester  the  total  fall  is  only  95  feet,  or  an  average  of  2.4  feet  per  mile.  At 
Kochester  the  Genesee  leaps  down  successively  over  three  heavy  falls,  and  within  the  city  descends  about  260  feet. 
Of  the  1,086  feet  of  fall,  therefore,  occurring  between  Belvidere  and  the  mouth,  from  500  to  600  feet  is  found 
concentrated  in  abrupt  pitches  at  Portage  and  Eochester,  the  power  at  the  former  point  entirely  undeveloped,  while 
that  at  Eochester,  though  not  fully  utilized,  sustains  a  very  extensive  amount  of  manufacturing. 

With  the  steep  slopes  which  characterize  the  upper  basin,  the  stream  naturally  receives  promptly  the  drainage 
from  rainfalls,  and  in  the  upper  course,  at  least,  rises  and  falls  quickly  after  heavy  storms.  In  1865,  during  a 
freshet,  drift  became  lodged  against  the  Brie  Canal  aqueduct  at  Eochester  to  such  an  extent  as  seriously  to  obstruct 
the  flow  of  the  stream',  which  overflowed  into  the  canal  and  flooded  the  whole  western  part  of  the  city.  During 
the  summer  and  autumn  the  volume  of  the  river  sinks  quite  low,  and  is  also  liable  to  be  much  reduced  during  an 
exceptionally  cold  period  in  winter.  General  I.  F.  Quinby,  of  the  Eochester  university,  who  for  ten  or  fifeen  years 
had  charge  of  one  or  more  of  the  hydraulic  races  at  the  city,  states  the  average  minimum  discharge,  as  indicated 
by  weir  measurements,  at  400  cubic  feet  per  second,  equivalent  to  about  0.16  cubic  foot  per  second  per  square  mile 
of  drainage  area.  But,  judging  from  the  statements  of  prominent  manufacturers,  it  appears  that  the  net  discharge, 
which  the  general  use  of  weirs  renders  it  "possible  to  approximate  to,  has  at  times  probably  fallen  considerably 
below  300  cubic  feet  per  second,  or  below  0.12  cubic  foot  per  second  per  square  mile. 

Above  all  the  private  dams  at  Eochester  the  state  has  a  dam  for  the  purpose  of  diverting  water,  through  a 
feeder  2^  miles  long,  to  the  Erie  canal.  It  is  so  constructed  that,  except  when  put  to  its  designed  use,  it  may  be 
left  so  as  to  form  but  a  slight  obstruction  to  the  flow  of  the  stream.  Previously  to  the  summer  of  1878  it  was  but 
little  used,  except  to  assist  in  filling  the  canal  in  spring ;  but  since  that  time  it  has  regularly  been  employed  to 
keep  up  the  supply  in  the  "long"  level  between  Eochester  and  Lockport.  It  has  thus  occasioned  quite  a  heavy 
draught  on  the  river,  to  the  extent,  as  claimed  by  some  manufacturers,  of  reducing  the  low  flow  nearly  one-half, 
and  there  is  no  reason  for  supposing  that  the  demand  will  be  much,  if  at  all,  lessened  in  the  future. 

In  a  report  by  Thomas  Evershed,  division  engineer,  in  November,  1878,(a)  it  was  stated  that  the  capacity  of 
the  Eochester  feeder  was  1,400  cubic  feet  per  minute  (23  per  second),  and  that  much  more  would  be  afforded  by 
properly  maintaining  the  dam  so  as  to  force  a  supply  through'the  feeder.  Since  the  abandonment  of  the  Genesee 
Valley  canal,  at  the  close  of  the  season  of  1878,  about  1,200  cubic  feet  per  minute  (b)  (20  per  second)  has  been 
brought  from  Allen's  creek,  a  tributary  of  the  Genesee,  some  10  or  11  miles  through  the  old  channel  of  the  canal, 
to  the  Erie  canal  at  Eochester.  It  is  fair,  therefore,  to  assume  that  during  the  period  of  canal  navigation,  at  least 
40  cubic  feet  per  second,  and  very  likely  much  more  than  that,  is  diverted  from  the  river  to  the  Erie  canal. 

In  the  basin  of  Black  creek,  one  of  the  upper  tributaries  of  the  Genesee  from  the  west,  the  state  has  two 
reservoirs,  formerly  used  for  supplying  a  part  of  the  Genesee  Valley  canal,  but,  since  that  has  been  given  up, 
retained  for  the  benefit  of  the  Erie  canal,  which  their  waters  reach  through  a  part  of  the  Genesee  Valley  canal,  the 
natural  channels  of  Black  creek  and  the  main  river,  and  the  Eochester  feeder.  Of  these,  the  Oil  Creek  reservoir 
has  a  water-surface  of  605  acres,  a  mean  depth  of  20  feet,  and  a  storage  capacity  of  527,214,000  cubic  feet;  the 
Eockville  reservoir  has  a  water-surface  of  72  acres  and  a  storage  capacity  of  18,223,000  cubic  ■feet.(c) 

The  series  of  remarkable  lakes  farther  eastward,  tributary  to  the  Oswego  river,  is  continued  westward  into  the 
Genesee  basin,  though  they  are  there  of  smaller  size,  and  includes  Honeoye,  Canadice,  Hemlock,  and  Conesus  lakes. 
No  special  data  are  at  hand  to  show  what  facilities  these  possess  for  storage,  or  whether  they  are  controlled  by 
dams.  Their  outlets  are  described  as  good  mill-streams,  and  probably  owe  their  value  largely  to  these  natural 
reservoirs.    Their  areas,  as  given  below,  were  obtained  by  jilanimeter  measurement  on  French's  map  of  the  state: 


Principal  lakes  and  reservoirs  in  the  hasin  of  the  Genesee  river. 

2^ame. 

Location. 

Area  of 
water- 
surface. 

Drainage 

area  at  head 

of  ontlet. 

Name  of  outlet. 

Sq.  miles. 
2.8 
1.8 
4.1 
4.8 
2.0 
0.95 
0.11 

Sq.  miles. 
39 
15 
42 
67 
20 

Honeoye  outlet. 

Town  of  Canadice,  southwestern  part  of  Ontario  county 

Border  between  Ontario  and  Livingston  counties 

Mainly  in  town  of  Castile,  "Wyoming  county 

Silver  Lake  outlet 

Cnlja  or  Oil  Creek  reservoir 

"Weatftrn  "border  of  AUeEanv  county 

Genesee  Valley  canal  and  Black  Creole 
Do 

Town  of  Belfast,  Allegany  county 
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a  See  Annual  Report  of  the  Superintendent  of  Publio  Works  for  the  year  ending  September  30,  1878. 
b  See  Annual  Report  of  the  State  Engineer  and/ Surveyor  for  the  year  ending  September  30,  1879,  p.  96. 
c  See  Annual  Report  of  the  State  Engineer  and  Surveyor  for  the  year  ending  September  30,  1879,  p.  99. 
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Fig.  7.— Middle  falls  of  the  Genesee  riTer  at  Portage. 
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At  Mount  Morris  tliere  are  several  mills  and  shops,  and  at  intervals  elsewhere  along  the  stream  are  small  mills; 
but,  notwithstanding  the  large  aggregate  fall,  the  power  of  the  river,  outside  of  Eochester,  has  been  in  general  but 
slightly  developed.  The  Genesee  does  not  freeze  very  thick  between  Portage  and  Mount  Morri,s,  on  account  of  the 
rapid  current,  and  but  little  hinderance  from  ice  is  experienced  at  the  latter  point.  At  Eochester  floating  ice 
occasionally  troubles  at  some  of  the  head-gates,  but  neither  that  nor  anchor-ice  causes  much  difficulty  to  the  mills. 

Drainage  areas  of  the  Genesee  river  and  principal  tributaries. 


stream  and  locality. 

Drainage 
area. 

stream  and  locality. 

Drainage 
area. 

Genesee  river  at  Phillipsville 

Sq.  miles. 
358 

i]9e 

1,004 
1,607 
2,468 
2,474 
2,406 

Black  creek  (town  of  Belfast)  at  month 

Sq.  miles. 

00 
847 

82 
201 
272 
215 
184 

Genesee  river  at  Portage 

Genesee  river  at  Mount  Morris 

Genesee  river  at  Goneseo 

Genesee  river  at  Rochester  state  dam 

Genesee  river  at  Eochester,  center  of  city. . 
Genesee  river  at  month 

Black  creek  (town  of  ChUi)  at  month 

Wafer-Lowers.— Examinations  of  this  river  did  not  extend  above  Portage,  from  which  point  to  the  head  the 
census  enumerators'  returns  show  the  only  use  of  power  to  be  by  saw-  and  grist-mills.  Though  the  valley  widens 
out  above  the  Portage  falls  and  incloses  extensive  meadows,  and  is  said  to  continue  tolerably  open  for  some  distance 
above,  it  is  described  as  being  in  general  through  Allegany  county  deep,  and  bordered  by  steep  hill-sides.  The 
principal  villages  along  the  stream  in  that  county  are  Wellsville,  population  2,000,  Angelica  700,  and  Belmont  800. 

As  we  have  seen,  the  average  descent  in  the  39  or  40  miles  from  Belvidere  to  Portage  is  about  G.4  feet  per  mile. 
Then  follows  the  wonderful  series  of  falls  which  has  before  been  alluded  to.  These  falls  are  distant  about  65  miles  by 
river  from  the  mouth,  and  begin  immediately  below  the  crossing  of  the  New  York,  Lake  Erie,  and  Western  railroad. 
The  only  settlement  very  near  at  hand  is  the  little  village  of  Portage ville ;  5  miles  to  the  eastward  is  Nuncfa,  with 
1,000  inhabitants,  and  3  or  4  miles  to  the  northward  Castile,  with  nearly  the  same  population  as  Nurida.  The 
Genesee  Valley  canal  formerly  descended  the  wests  bank,  crossed  over  above  the  Portage  falls,  and  making  a  detour 
to  the  eastward  recrossed  at  Mount  Morris,  some  16  miles  below.  Since  the  abandonment  of  the  canal  its  course 
has  been  followed  part  way  by  a  railroad  which,  it  is  said,  will  be  continued  along  the  upper  river. 

At  Portage  the  Genesee  lies  at  the  bottom  of  a  deep  and  narrow  ravine,  the  rocky  sides  of  which  rise,  and  in 
places  very  precipitously,  to  heights  of  from  250  to  400  feet  from  the  water.  The  Erie  railroad,  as  it  crosses  on  the 
famous  Portage  viaduct,  is  over  230  feet  above  the  crest  of  the  Upper  falls.  There  are  three  principal  pitches,  the 
Upper,  Middle,  and  Lower,  which  occur  in  the  horizontal  strata  of  the  Portage  group  {a)  of  rocks.  The  owner  of  the 
property  gives  the  descent  as  66  feet  at  the  Upper  falls,  110  feet  at  the  Middle,  and  90  feet  at  the  Lower.  These 
figures  are  probably  for  the  more  abrupt  portions  of  the  falls,  and  are  somewhat  less  than  the  aggregate  descents 
as  given  in  the  following  description,  which  is  taken  from  French's  Gazetteer  of  New  York  (1860): 

The  Upper  or  Horseshoe  falls  are  about  three-fourths  of  a  mile  below  Portageville.  The  name  is  derived  from  the  curve  in  the  face 
of  the  cliff  over  which  the  water  flows.  For  a  short  distance  above  the  edge  of  the  precipice  the  water  is  broken  by  a  succession  of 
steps  in  the  rock,  forming  a  series  of  rapids.  The  height  of  the  fall,  including  the  rapids,  is  about  70  feet.  The  Middle  falls  are  about 
one-half  mile  farther  down  the  river.  For  two  or  three  rods  above  the  edge  of  the  cliff  the  water  is  broken  into  rapids,  and  then  in  an 
unbroken  sheet  it  pours  down  110  fSet  into  a  chasm  below,  bounded  by  perpendicular  ledges.  A  cave,  called  the  "Devil's  Oven",  has 
been  worn  in  the  rocks  under  the  west  bank,  near  the  bottom  of  the  falls.  In  low  water  100  persons  can  be  seated  within  it ;  but  when 
the  river  is  high  it  is  filled  with  water,  and  is  only  accessible  by  boats.  The  Lower  falls  consist  of  a  series  of  rapids  one-half  mile  in 
extent,  with  an  aggregate  fall  of  150  feet.  For  about  2  miles  below  the  Middle  falls  the  river  pursues  a  winding  and  rapid  course  between 
high  perpendicular  walls;  then  descends  in  a  succession  of  steps  almost  as  regular  as  a  staircase,  dives  under  a  shelving  rock,  shoots  out 
in  a  narrow  pass  not  more  than  15  feet  wide,  rushes  down  a  nearly  perpendicular  descent  of  20  feet,  strikes  against  the  base  of  high  rocks 
standing  almost  directly  in  its  course,  whirls  back,  and,  turning  at  nearly  right  angles,  falls  into  a  deep  pool  overhung  with  shelving 
rocks.  An  isolated  mass  of  rocks,  15  feet  in  diameter  and  100  feet  high,  known  as  "  Sugar  Loaf",  rises  from  the  river-bed  at  the  bend  of 
the  stream  and  receives  nearly  the  whole  force  of  the  rushing  water.  It  is  bordered  on  one  side  by  the  present  bed  of  the  stream,  and 
on  the  other  by  a  deep  chasm  which  separates  it  from  the  east  bank  of  the  river.  Within  the  memory  of  people  now  living,  the  river 
flowed  over  the  precipice  on  the  level  of  the  rock  which  now  forms  its  west  bank,  and  "  Sugar  Loaf"  was  an  island.  These  falls  are 
accessible  only  from  the  west.     The  perpendicular  bank  on  the  west  side  of  the  river  at  one  point  is  380  feet  high. 

The  aggregate  of  the  falls  proper  may  therefore  be  taken  as  266  feet,  and,  including  the  rapids,  as  probably 
at  least  330  feet,  occurring  in  a  distance  of  from  2  to  2J  miles.  Opposite  the  Upper  falls  both  banks  are  steep  and 
rocky,  but  by  tunneling  say  200  feet  on  the  west  side,  water  could  be  brought  out  on  to  ground  having  a  moderate 
slope  and  succeeded,  down  to  the  Middle  falls,  by  a  strip  of  level  ground  several  hundred  feet  in  width.  On  the 
east  side  of  the  river  is  the  "canal"  railroad,  and  the  slope  from  the  stream  continues  too  steep  to  admit  of 
convenient  nse  of  power.  Tears  ago  there  was  a  saw-mill  at  the  Middle  falls.  The  power  there  could  easily  be 
utilized  on  the  west  bank,  since  the  level  piece  of  ground  already  mentioned  comes  close  to  the  river,  and  there 


a  The  Portage  group  comprises; 
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Portage  sandstone  (upper) ;  Gardeau  flagstones ;  Coshaqua  shales  (lower). 
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is  then  a  vertical  drop  to  the  pool  below  the  falls.  Mills  could  be  located  on  the  level  ground,  either  close  by  or 
stretching  up  and  away  from  the  falls,  and  power  taken  by  shafts.  The  Lower  falls  extend  back  in  a  fissure  as  a 
Series  of  pitches.  The  right  bank  is  there  abrupt.  The  left  or  west  bank  recedes  in  a  table  of  several  acres  15  or 
20  feet  above  the  stream;  there  is  then  a  second  table,  to  which  there  is  a  steep  rise  of  75  or  80  feet  from  the  first, 
and-  beyond  is  an  ascent  to  high  hills. 

The  Portage  power  is  an  important  one,  and  could  be  used  to  good  advantage  in  some  kinds  of  manufacturing, 
though  at  present  it  is  wholly  undeveloped.  It  is  evident,  however,  that  the  location  for  mills  is  not  now  convenient 
of  access,  being  in  a  deep  valley,  far  below  the  level  of  the  railroad.  Mr.  William  P.  Letchworth,  whose  residence 
is  close  at  hand,  owns  the  privilege  at  the  Upper,  at  the  Middle,  and  part  of  that  at  the  Lower  falls.  He  states  that 
he  would  be  extremely  unwilling  to  see  the  magnificent  natural  beauties  of  this  locality  marred  by  the  introduction 
of  manufacturing  works,  but  would  not  desire  to  stand  in  the  way  of  enterprises  of  sufflcient  importance  to  deserve 
being  considered  public  improvements. 

Estimate  of  ;power  at  Portage. 


stage  of  liver. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year  . 


BAIMFALL  ON  BASIN. 


Spring. 


Inehea. 


Sammer. 


Inches. 

]0 


Autumn. 


Inches. 

81 


Winter. 


Inches. 
7 


Tear. 


Inches. 
33J 


Drainage 
area. 


Sq.  miles. 


Flow  per 
second, 

average 
for  tlie 

24  hours. 


Cubicfeet. 

r        140 
^         190 

L        280 


THEORETICAL  HOKSE-POWEK. 


Ifoot 

fall. 


15.9 
21.6 
31.8 


feet,  as- 
sumed 
for 

Yfir 


110 

90 

feet,  as- 

feet, as- 

sumed 

snm«l 

for 

for 

Middle 

Lower 

falls. 

falls. 

1 

1,050 
1,430 
2,100 


1,750 
2,380 
3,500 


266  feet, 
total  of 
abrupt 
falls,  as 

given  by 
owner 
of  the 

property. 


1,430 

1,  940 

2,  860 


4,230 
5,750 
8,460 


330  feet, 

total  of 

threefalls 

and 
rapids,  as 
given  in 
French's 
Gazetteer. 


5,250 

7,130 

10, 490 


Frcftn  the  Portage  falls  nearly  to  Mount  Morris  the  river  is  described  as  running  in  constant  heavy  rapids,  and 
most  of  the  way  through  a  gorge  from  50  to  150  feet  deep.  At  Mount  Morris  there  is  a  leaky  timber  and  stone  dam, 
335  feet  long  and  16  feet  high.  It  was  formerly  owned  by  the  state,  the  Genesee  Valley  canal  crossing  in  the  pool 
and  being  fed  from  it,  but  upon  the  abandonment  of  the  canal  the  dam  came  into  the  hands  of  the  race  company. 
Water  is  brought  to  the  mills  through  a  head-race  a  mile  long,  25  or  30  feet  wide  on  the  average,  and  not  over  7 
feet  deep.  It  is  said  to  be  too  small  for  the  demands  made  upon  it,  and  to  be  drawn  quite  low  at  times.  The  tail- 
race  runs  some  2  miles  and  empties  into  Canaseraga  creek.  The  highest  head  obtained  at  Mount  Morris  is  about 
14  feet,  but  the  average  is  stated  as  probably  not  over  12^  feet.  Power  is  used  by  3  grist-  and  flouring-mQls,  having 
together  12  sets  of  rollers  and  10  runs  of  stone;  and  by  a  number  of  small  establishments,  comprising  2  machine- 
shops,  2  planing  mills,  a  saw-mill,  a  cider-mill,  and  a  plaster-mill.  The  power  on  the  race  is  nominally  divided  into 
40  equal  shares,  each  share  commanding  a  certain  width  of  opening  from  the  race.  In  some  years  there  is  abundance 
of  water  throughout  for  the  wants  of  the  mills,  but  in  others  there  is  a  shortage  for  two  or  three  months,  though  it 
is  thought  that  this  is  due  in  considerable  part  to  the  leaky  condition  of  the  dam. 

Estimate  of  power  at  Mount  Morris. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 


RAINFALL  ON  BASIN. 


Spring.     Summer.  Autumn.    Winter.        Year. 


Inches. 


Inches. 
10 


Inches. 

8J 


Inches. 


Inches. 


Drainage 
area. 


'.  miles. 
1,094 


Flow  per 
second, 
average 

for  the  24 
hours. 


Cubicfeet. 
150 
200 
300 


Theoretical  horse-power. 


Ifootfall. 
17.0 
22.7 
34.1 


liifeetfaU. 
210 
280 
430 


U  feet  fan. 
240 
320 
480 


Effective 
horse- 
power 

of  wheels 
in  use. 


a  370-1- 


a  Betums  incomplete. 

From  Mount  Morris  to  Eochester  the  course  of  the  stream  lies  through  a  flat  open  country  and  is  quite  winding. 
On  either  side  are  rich  meadows  devoted  to  grazing  and  to  the  raising  of  grain.  The  banks  are  usually  low,  but  in 
places  rise  in  bluffs.  The  bed  is  composed  of  clay  and  gravel  with  some  quicksand.  The  surface  of  the  water  is 
no,w  and  then  broken  by  ripples,  but  the  fall  is  slight.  At  Geneseo  there  is  a  4-ran  flouring-  and  gristmill,  using 
5  feet  of  fall  and  40  horse-power,  and  at  York  landing  one  of  3  runs,  with  6  feet  of  fall  and  30  horse-power. 

Power  at  Rochester. — The  first  inill  at  this  point  is  said  to  have  been  built  in  1788  or  1789.    By  1814  two  more 

mills  had  been  erected  and  small  quantities  of  flour  began  to  be  exported  to  the  Niagara  frontier.    The  manufacture 

of  flour  steadily  increased  in  importance,  new  flouring-mills  were  added,  numerous  other  industries  sprang  up,  and 

at  the  present  time  there  are  found  here  a  variety  and  extent  of  manufacturing  interests,  based  upon  and  in  the 

main  sustained  by  the  water-power,  which  are  equaled  at  few  other  cities.    As  nearly  as  could  be  ascertained,  there 
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were,  iu  the  fall  of  1882,  flouriDg-mills  in  operation  to  tbe  number  of  17,  with  134  sets  of  rollers,  30  runs  of  stone, 
and  a  probable  aggregate  production  of  at  least  3,000  barrels  of  flour  per  day.(a)  The  manufacture  of  clothing  is  a 
great  industry  here,  though  not  dependent  upon  water-power.  Besides  iiour,  as  mentioned  above,  the  productions 
of  the  various  works  receiving  their  motive  power  from  the  river  include  shoes,  which  are  turned  out  in  large 
numbers,  cotton  goods,  paper;  gauges,  lanterns  and  lamps;  stationary  engines,  car-wheels,  screws,  pins,  and  a  great 
variety  of  general  machinery,  machinists'  tools,  and  articles  in  wood. 

In  1880  Eochester  had  a  population  of  about  89,000,  an  increase  of  nearly  50  per  cent,  in  the  preceding  ten  years. 
The  location  of  the  city  is  atlmirable.  Its  foundation  is  solid  limestone  more  or  less  overlaid  by  drift.  It  lies  on 
both  banks  of  the  Genesee,  and  includes  about  5  miles  of  the  course  of  that  river.  The  Erie  canal  passes  directly 
through  the  city.  The  river  itself  is  uavigiible  nearly  to  the  Lower  falls,  5  miles  from  the  lake,  and  at  the  mouth 
is  the  port  of  Charlotte,  a  place  of  about  1,000  inhabitants.  The  main  line  of  the  New  York  Central  and  Hudson 
River  railroad  passes  through  EochestSr,  and  other  important  roads  branch  out  in  various  directions. 

From  the  pool  above  the  state  dam  to  the  mean  surface  of  the  lake  the  descent  in  the  river  is  263  feet,  nearly 
or  quite  all  of  which  is  within  the  city  limits.  There  are  three  principal  pitches,  known  respectively  as  the  Upper, 
Middle,  and  Lower  Genesee  falls,  which  together  embrace  an  aggregate  abrupt  fall  of  205  feet.(6)  French's 
Gazetteer  says  of  them : 

The  falls  evidently  all  once  formed  a  single  cascade ;  but  the  different  degrees  of  hardness  of  the  several  rocks  over  which  the  river 
flows  have  caused  an  unequal  retrograde  movement  of  the  falls,  until  they  have  assumed  their  present  position.  The  surface  shales  have 
worn  away  gradually  to  a  uniform  slope,  over  which  the  water  flows  in  a  series  of  rapids.  At  the  Upper  falls  the  stream  falls  a  distance 
of  96  feet  over  the  perpendicular  edge  of  the  Niagara  limestone  underlaid  by  shale.  Below  the  Upper  falls  the  river  flows  If  mile, 
through  a  deep  ravine  bounded  by  nearly  perpendicular  sides,  to  the  Middle  falls,  where  it  has  a  descent  of  25  feet.  Ooe  hundieil  rods 
below  it  descends  84  feet,  over  a  ledge  of  Medina  sandstone,  to  the  level  of  lake  Ontario. 

The  principal  development  of  water-power,  so  far  as  concerns  the  number  of  mills,  has  been  at  the  Upper  ) 
Genesee  faiUs,  and  at  a  privilege  three-quarters  of  a  mile  above.  At  each  of  these  localities  there  is  a  dam  across 
the  river,  and  on  each  bank  is  a  hydraulic  race  conveying  water  for  use  in  the  mills  and  shops.  They  are  in  the 
heart  of  the  city,  where  the  ground  is  closely  built  upon,  and,  except  perhaps  at  the  Upton  privilege,  there  is  but 
little  opportunity  for  erecting  more  works.  The  water-power  interests  appear  to  exist  upon  a  very  satisfactory 
basis.  For  the  principal  races  commissioners  are  appointed  by  court,  who  attend  to  the  proper  adjustment  of  the 
weirs  over  which  water  is  drawn  into  the  mills.  The  entire  privilege  ujion  a  race  is  divided  into  shares,  and  each 
mill  has  a  width  of  weir-opening  corresponding  to  the  number  of  these  owned.  In  abundant  water  the  weirs  are 
lowered  so  as  to  permit  an  unrestricted  flow  to  the  wheels,  but  iu  low  stages  of  ii\'er  they  are  raised  to  position, 
and  adjusted  as  often  as  necessary,  according  to  the  volume  at  disposal,  and  in  such  manner  that  each  mill  shall 
secure  its  due  proportion. 

So  far  as  could  be  learned,  at  all  the  water-privileges  in  Eochester,  except  possibly  the  Upton — where  room  and 
small  amounts  of  power  aire  rented  or  leased — practically  all  the  rights  to  strictly  permanent  water  are  owned  by 
the  manufacturers.  In  many  cases  the  available  fall  is  not  entirely  developed,  and  iu  some  the  whole  power  of 
the  stream,  even  with  the  head  in  use,  is  not  utilized ;  the  latter  is  true  at  the  Lower  falls,  and  the  former  both 
there  and  at  the  Upper  falls.  But,  generally  speaking,  with  the  present  development  it  is  not  more  than  nine  or 
ten  months  in  the  year  that  all  the  mills  and  factories  on  the  various  races  can  be  run  at  full  capacity.  For  nearly 
that  length  of  time,  however,  there  is  undoubtedly  an  important  surplus  power. 

The  uppermost  dam  in  the  city  is  that  owned  by  the  state  and  employed  to  divert  water  through  the  feeder  to 
the  "  long"  level  of  the  Erie  canal.  This  dam  was  not  visited,  but  the  fall  there  is  said  to  be  slight — not  more  than 
or  4  feet. 

A  mile  and  three-quarters  below  the  head  of  the  feeder  there  is  a  dam  of  rubble  masonry,  which  was  built  iu 
1856  at  a  cost  of  $2,100 ;  it  is  about  400  feet  long,  5J  feet  high,  4  feet  wide  at  the  top,  and  has  a  batter  of  3  inches  to 
the  foot.  Below  the  dam  the  river  descends  over  a  succession  of  low  ledges,  and  opposite  the  foot  of  the  rapids 
thus  formed  are  the  mills.  On  the  east  side  is  "the  Johnson  &  Seymour  canal- race",  which  passes  under  the  Erie 
Canal  aqueduct  and  under  the  mills,  having  a  length  of  about  half  a  mile.  The  width  is  60  feet  at  the  head, 
decreasing  toward  the  foot.  The  water-depth  is  stated  to  be  about  4  feet  at  the  upper  end.  There  were  originally 
19  equal  rights  upon  this  race,  but  it  was  extended  and  32  second  rights  were  created.  As  long  as  the  supply  of 
water  is  abundant  no  especial  restrictions  are  placed  upon  its  use ;  but  when  it  becomes  sufiiciently  reduced  the 
second  rights  are  successively  shut  down,  the  most  recent  deeds  or  leases  first,  and  when  the  flow  in  the  race  falls 
to  9,500  cubic  feet  per  minute  (500  cubic  feet  per  minute  for  each  of  the  19  first  rights),  the  second  rights  are  cut  off 
altogether  and  the  water  is  equally  divided  among  the  first  rights.  At  such  times  a  man  examines  the  head-gates 
and  the  weirs  at  the  mills  twice  a  day  and  makes  the  proper  adjustments  to  secure  to  each  mill  its  share  of  the 
water.  The  flume-gates  range  from  1  to  15  feet  in  width,  according  to  the  number  of  rights  owned.  These  gates 
or  weirs  are  raised  from  below.    Over  each  is  a  horizontal  shaft  turned  by  a  hand-wheel.    At  either  end  of  this 


a  Although  the  number  of  mills  has  somewhat  decreased  in  recent  years,  the  capacity  of  those  remaining  is  said  to  have  more  than 
correspondingly  increased. 

h  The  remaining  descent  is  comprised  in  rapids  and  falls  over  the  dams,  which  are  low.  ^^ 
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shaft  is  a  beveled  cog- wheel,  gearing  into  another  at  right  angles,  fastened  upon  a  screw-shaft  which  serves  to  raise 
or  lower  the  weir.  The  depth  of  water  entering  at  the  head-gates  into  the  race,  and  the  depths  on  the  various 
weirs  at  the  mills,  are  read  off  on  a  rod  resembling  an  ordinary  leveling-rod.  The  amount  of  water  flowing  iato  the 
race  having  been  obtained  from  tables,  and  the  amount  due  each  mill  determined,  a  weir-book  shows  readily  the 
proper  corresponding  depth  to  be  allowed  on  any  particular  weir.  The  adjustment  having  been  made,  the  weir  is 
secured  against  tampering  by  a  short  chain  passed  through  a  pair  of  adjacent  cog-wheels,  mentioned  above,  and 
fastened  by  a  padlock. 

The  head  obtained  on  this  race  ranges  in  general  from  16  to  18  feet,  and  the  power.may  be  considered  as  fully 
utilized.  During  nine  months  iu  the  year  there  is  surplus  water  above  all  demands,  but  more  or  less  shortage  for 
the  rest  of  the  time.  It  was  stated  that  the  lowest  allowance  made  to  first  rights  had  been  200  cubic  feet  per 
minute,  and  that  in  an  ordinary  summer  season  it  is  300  cubic  feet.  Power  is  used  by  6  flouring-mills,  having 
altogether  45  sets  of  rollers,  17  runs  of  stone,  and  producing  over  900  barrels  of  flour  per  day ;  and  by  2  large  machine- 
shops  and  founderies,  a  large  furniture  factory,  a  brewery,  a  tannery,  a  picture-frame  molding  establishment,  a 
moroccoskin  factory,  a  dental-  and  barber-chair  factory,  a  billiard-table  factory,  wholesale  rectifying  works,  and 
various  other  shops  of  small  size.  The  flouring-mills  own  16  of  the  19  first  rights,  the  other  concerns  depending 
mainly  upon  second  rights. 

On  the  west  side  of  the  river  is  "the  Eochester,  Fitzhugh,  &  Carroll  canal-race",(a)  from  a  quarter  to  a 
third  of  a  mile  in  length,  and  varying  in  width  from  25  to  60  feet.  With  a  full  pond  it  is  about  5  feet  deep,  and 
gives  a  head  at  the  mills  of  about  17  feet.  The  power  is  nominally  divided  into  76  equal  shares,  of  which  32  are 
owned  in  connection  with  a  large  building  and  rented  to  various,  manufacturers.  There  being  456  inches  width  of 
water-way  at  the  head-gates  a  share  is  entitled  to  6  inches  width  of  weir-opening.  The  power  is  all  in  use,  and  the 
mills  are  more  or  less  short  of  water  three  months  in  the  year.  The  manufacturing  concerns  supplied  are  3 
flouring-mills,  2  printing-ofiSces,  and  various  wood-working  shops. 

Three-quarters  of  a  mile  below  the  dam  last  described  are  the  Upper  Genesee  falls.  The  river  is  there  275  or 
300  feet  wide,  and  at  approximately  that  distance  above  the  falls  is  crossed  by  a  low  timber  dam  turning  the  water 
into  a  race  on  each  bank.  On  the  right  hand,  or  east,  the  bank  below  the  falls  is  high,  and  consists  of  an  almost 
vertical  rock  wall,  and  the  raee  runs  only  to  the  edge  of  the  fall.  Here  are  located  three  water-wheels — two  48-inch 
Leffel  under  26  feet  head,  and  one  35-inch  Leffel  under  65  feet  head.  A  Cinch  wrought-iron  shaft  extends  400  feet, 
up  the  bank  from  the  wheel-pit,  parallel  to  the  river,  and  then  a  double  line  continues  400  feet  farther.  From  these 
main  shafts  power  is  transferred  throughout  extensive  buildings  to  a  large  number  of  manufacturing  concerns, 
usually  such,  probably,  as  to  require  but  small  or  moderate  amounts  of  power  in  their  operations.  The  transfer  of 
power  was  formerly  effected  here,  even  in  amounts  of  200  or  300  horse-power,  by  cables,  but  these  have  been 
abandoned.  Sheaves  ranging  in  diameter  from  10  feet  downward  were  in  use,  Isut  trouble  was  experienced  from 
two  principal  causes — owing  to  the  weight  of  the  large  cables  the  packing  in  the  sheaves  wore  away  rapidly,  and 
the  difficulty  was  much  increased  by  the  freezing  of  spray  to  the  cables  in  winter,  forming  a  coating  of  ice;  and 
secondly,  it  was  found  that  when  power  was  suddenly  taken  off  at  any  of  the  works  the  cable  was  apt  to  jump, 
strike  against  the  flanges  of  the  sheaves,  and  break  the  strands. 

The  whole  of  the  privilege  on  the  east  side,  with  the  buildings,  formerly  owned  by  the  Eochester  Hydraulic 
Company,  is  now  the  property  of  Mr.  C.  E.  Upton.  Eoom  and  power  are  rented  or  leased  for  short  periods,  the 
usual  rental  for  power  being  $25  per  annum  per  effective  horse-power.  There  is  room  for  more  buildings,  and  these, 
it  was  stated  by  the  agent  in  charge  of  the  privilege,  Mr.  Upton  proposes  to  erect  as  demand  shall  arise,  and  rent 
with  power.  Though  the  fall  is  not  fully  developed,  there  is  said  always  to  be  sufficient  power,  with  wheels  as  at 
present,  to  run  at  full  capacity  all  the  works  that  are  in  operation.  In  the  fall  of  1882  the  Eochester  Electric  Light 
Company  was  the  largest  single  user  of  power,  having  175  horsepower  and  running  175  lights.  Power  was  also 
rented  to  a  considerable  number  of  shoe-manufacturers,  at  least  9  or  10;  to  H.  J.  Howe  &  Co.,  scale-manufacturers- 
Horton's  Edge  Tool  Manufacturing  Company;  Tigler's  auger-woiks;  the  Spencer  Fire  Escape  Company;  3  machine- 
shops;  2  sash-  and  blind-factories,  and  other  shops  of  less  note. 

The  rock  at  the  Upper  falls  is  in  part  soft  and  crumbly.  It  is  evident  that  the  falls  themselves  are  gradually 
receding,  and  under  an  old  mill  at  their  east  end  it  has  been  found  necessary  to  build  a  supporting  wall  65  feet 
high  and  ranging  from  12  to  20  feet  in  thickness.  On  the  west  side  the  land  adjoining  the  river  is  level  and  well 
suited  to  building,  and  the  race,  known  as  "  Brown's  race  ",  is  carried  some  distance  below  the  falls,  the  wheel-pits  being 
sunk  in  the  rock.  The  shafts  are  generally  lined  with  iron  tubes,  though  sometimes  with  wood,  and  tail-water  is 
discharged  to  the  river  through  connecting  tunnels.  At  the  time  this  privilege  was  visited  a  shaft  and  tunnel  had 
recently  been  completed  for  Farley,  Ferguson,  &  Wilson's  flouring-mill.  The  shaft  is  lined  with  iron  tubing  and  is 
40  feet  deep;  from  it  a  tunnel  runs  120  feet  to  the  face  of  the  cliffs.  The  rock  had  to  be  blasted  out,  and  required 
the  labor  of  5  or  6  men  for  six  months.  No  accurate  information  was  obtained  as  to  the  fall  from  the  crest  of  the 
dam  to  low- water  surface  at  the  foot  of  all  the  mills,  but  it  is  probably  as  much  as  100  feet.  The  full  available  fall  is 
not  in  use,  however,  by  more  than  a  very  few,  if  it  is  by  any,  of  the  mills,  and  the  heads  employed  range  in 

a  "In  1802,  Nathauiel  Eochester,  William  Fitzhugh,  and  Charles  H.  Carroll,  from  Maryland,  purchased  a  tract  of  300  acres  at  the 
Upper  falls,  and  in  1812  they  caused  their  land  to  be  laid  out  for  settlement." — French's  Gazetteer,  page  404. 
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geueral  from  80  or  90  feet  dowuward.  The  Steam  Gauge  &  Lantern  Company  obtains  a  fall  of  80  feet  from  the 
hydraulic  race  and  60  feet  from  one  of  tlie  city  sewers.  It  has  380  horse-power  of  wheels,  and  during  abundant 
water  relies  upon  the  race  alone,  but  when  the  supply  from  that  source  falls  low  it  adds  the  sewer  water.  As  the 
demands  for  the  various  manufactories  and  mills  increase,  the  wheel-pits  are  sunk  lower  and  the  full  development 
of  the  power  is  more  nearly  approached. 

There  is  at  the  head-gates  49  feet  width  of  water-way,  and  the  whole  power  on  the  race  is  divided  into  JQ 
equal  rights,  each,  including  about  7J  inches  width  of  weir-opening.  During  a  plentiful  supply  of  water  the  weirs 
are  not  used,  and  the  race  may  be  drawn  upon  freely,  but  in  low  stages  of  river  they  are  put  in  operation  and 
properly  adjusted  by  commissioners.  In  order  that  there  may  be  the  same  depth  of  water  falling  over  all  the  weirs 
into  the  mill-flumes,  their  absolute  elevation  gradually  decreases  toward  the  foot  of  the  race,  while  their  level, 
relatively  to  the  water-surface  in  the  race  when  all  the  mills  are  drawing,  is  intended  to  be  uniform.  For  two  or 
three  months  in  the  year  there  is  a  short  supply  of  water,  and  more  or  less  bargaining  of  it  betVeen  the  different 
mill  owners. 

Statistics  of  manufacturing  on  "Brown's  race". 


ITirm  or  company. 


Eoohester  Cotton  Mill 

Steam  G-auge  &  Lantern  Company. 
J.  B,  Stevens  &  Son 


Rochester  Cax  Wheel  Works . 


A.  J.  Johnson  &.  Co 

Eocheater  Machine  Screw  Company  . 

E.Whalen  &  Co 

William  G-leason 

Kelly  Lamp  Company 

Junius  Jndson  &.  Son 

Judson  Pin  Works 

Jndson  Fonndery 

Mach  &.Co 

I".  P.  Michel r 

Woodhnry.  Booth,  &  Pryor 

J.  &.  Davis  &  Son 

J.  A.  Hinds 

George  F.  Merz 

Mosely  &  Motley 


Stone  &  Campbell 

Boardman,  Sherman,  &  Co  . . . 
Farley,  Ferguson,  &  Wilson  . 


Kind  of  mill  or  manufacture. 


Prints 

G-augee,  lanterns,  etc  . 
Packing-boxes 


Car-wheels 


Shoes 

Machine-screws 

Tobacco  factory 

Machinists*  tools 

Head-lights  and  lanterns  . 

Steam-governors 

Pins 


Edge-tools  

Machinists'  tools 

Boilers  and  stationary  steam-engines 

Flouring 

.-.do 

Custom-mill 

Two  flonring-mills 


Flouring 

...do 

Custom  and  flouring  ■ 


Eemarka. 


231  looms  J  10,000  spindles ;  48  feet  fall. 

Employs  265  men,  and  has  380  horse-power  of  wheels. 

From  25  to  40  hands.    This  and  a  furniture  factory  receive  power  from  the  lantern 
factory. 

From  35  to  40  hands.    Capacity  of  works,  120  wheels  per  day,  and  in  the  fall  of  1882 
were  turning  out  half  that  number. 

Employ  about  400  hands,  and  in  busy  times  tnm  out  about  1, 500  pairs  of  shoes  i>er  day, 

50  hands. 

25  hands. 

80  hands  j  about  74  feet  fall. 

About  100  hands. 

From  140  to  150  hands. 

75  hands. 

200  hands. 

About  30  hands. 

From  70  to  120  hands ;  50  feet  fall. 

60  feet  fall ;  10  sets  of  rollers ;  200  barrels  per  day. 

60  feet  fall ;  12  sets  of  rollers ;  2  runs  of  stone ;  from  225  to  250  barrels  per  day. 

25  feet  fall;  3  runs  of  stone;  7  sets  of  rollers. 

46  single  sets  of  rollers ;  combinedcapacity  of  mills,  500  barrels  per  day ;  falls  in  use, 
66  and  56  feet. 

5  runs  of  stone ;  1 6-foot  overshot  wheel,  below  which  is  a  turbine  under  38  feet  fall. 

10  sets  of  rollers ;  3  runs  of  stone;  200  barrels  per  day ;  56  feet  fall. 

70  feet  fall ;  2  double  sets  of  rollers. 


Note. — In  addition  to  the  above  there  are  many  other  small  shops  for  themanufactureof  all  kinds  of  machine  and  wood  work;  the  city  water- works  also  receive 
power  for  pumping. 

Between  IJ  and  IJ  mile  below  the  Upper  falls  are  the  Middle  falls,  with  a  natural  pitch  of  20  or  25  feet.  A  timber 
dam  runs  across  in  an  irregular  line,  from  25  to  75  feet  up  stream  from  the  crest.  The  entire  privilege,  including  both 
sides  of  the  river,  is  owned  by  the  Eochester  Paper  Company,  and  all  power  not  now  employed  is  reserved  for  the 
company's  use.  On  the  east  bank  a  small  batting-mill  utilizes  not  over  25  horse-power.  On  the  west  bank  a  short 
race  leads  to  the  paper-mill,  where  American  and  Leffel  turbines  with  an  aggregate  of  1,200  horse-power  are  in  use, 
running  under  a  head  of  about  30  feet.  The  company  makes  news  printing-paper,  employing  100  hands,  and 
produces  9  or  10  tons  per  day.  The  rag-  and  straw -pulp,  and  most  of  the  wood-pulp,  are' manufactured  in  the  works. 
For  three  or  four  months  in  about  every  year  there  is  some  scarcity  of  water,  but  it  is  thought  that  the  supply 
would  be  sufficient  were  it  not  for  the  demands  made  at  the  feeder-dam  for  the  Erie  canal. 

A  quarter  of  a  mile,  more  or  less,  below  the  Middle  falls  are  the  Lower  falls,  where  the  river  suddenly  plunges 
down  nearly  90  feet.  A  low  dam  extending  across  at  the  top  raises  the  available  head  for  power  to  about  94  feet. 
Below  the  falls  are  rapids  for  a  short  distance,  and  then  the  river  becomes  smooth.  It  lies  in  a  deep  gorge,  the 
rocky  sides  of  which  rise  precipitously,  on  the  west  probably  30  and  on  the  east  at  least  75  feet  higher  than  the 
top  of  the  fulls.     The  rock  strata  in  the  banks  are  horizontal,  and  are  composed  of  sandstone  overlaid  by  blue 

limestone. 

On  the  east  side  of  the  river  all  the  power  is  owned  by  the  Hydraulic  Motor  Company.  Water  is  to  be  carried 
in  a  flume  a  short  distance  to  a  vertical  tower  which  rests  on  a  narrow  shelf  between  the  river  and  the  side  of  the 
gorge.  This  tower  contains  two  tubes  designed  for  compressing  air,  which  is  to  be  conveyed  in  an  iron  pipe  to  the 
top  of  the  neighboring  bank.  The  intention  is  to  supply  this  form  of  motive  power  to  the  street-cars  of  Eochester, 
but  the  enterprise  advances  very  slowly. 

On  the  west  bank  it  is  claimed  that  all  the  power  is  owned  by  the  Hydraulic  Motor  Company,  except  1,265 
hor«^e-Dower  which  is  leased  to  the  Brush  Electric  Light  Company  with  privilege  of  sale.  From  this  end  of  the 
^  469 
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(lam  water  passes  through  a  timber  bulkhead  and  a  race  cut  in  a  projecting  flat  surface  of  rock  for  about  100  feet, 
to  a  wheel-house,  and  power  is  thence  transferred  by  cable  to  the  top  of  the  adjoining  bluff.  A  165  horse-power 
wheel  was  in  use  in  November,  1882,  under  a  head  of  34  feet,  the  power  being  partly  employed  by  the  Brush  company 
in  generating  electricity.  A  building  at  the  top  of  the  bank  was  being  occupied  temporarily,  but  a  new  structure 
for  the  main  works  was  being  erected  close' to  the  river.  It  was  stated  that  the  company  designed  to  expend  some 
$45,000  here,  and  would  extend  its  system  of  lighting  over  the  whole  city.  A  grist-mill  and  a  small  carpenter- 
and  planing-shop  are  also  supplied  from  the  Brush  company's  building,  the  latter  by  a  shaft  and  the  former  by  a 
long  cable. 

The  banks  are  so  steejj  and  rocky  as  to  forbid  long  open  races  at  this  privilege,  and  therefore  either  the  power 
must  be  distributed  from  one  or  two  points  near  the  falls,  or  water  must  be  conveyed  through  tunnels,  which  would 
be  practicable,  though  expensive.  It  was  stated  that  new  manufacturing  enterprises  could  probably  obtain  power 
oa  the  west  bank,  and  there  is  some  10  acres  of  level  ground  adjacent  which  is  finely  suited  to  building.  For  most 
of  the  year  there  must  evidently  be  a  very  great  surplus  power  here ;  but  without  knowing  definitely  how  much  is 
likely  to  be  required  for  the  wants  of  the  Brush  and  Hydraulic  Motor  companies  it  is  of  course  impossible  to 
estimate  the  amount  of  strictly  permanent  power  remaining  available  for  general  manufacturing. 

The  l^ew  York  Central  and  Hudson  Eiver  railroad  crosses  the  Genesee  river  immediately  above  the  Upper 
falls,  and  between  their  crest  and  the  dam  which  diverts  water  into  the  Brown  and  Upton  races.  According  to 
the  railroad  levels  the  bed  of  the  river  beneath  the  bridge  is  477  feet  above  ocean-level.  The  mean  surface  of 
lake  Ontario  being  247  feet  above  the  same  plane  of  reference,  the  fall  from  the  top  of  the  Upper  falls  to  the  lake 
is  230  feet.  If  we  assume  of  this,  96  feet  for  the  Upper  falls  below  the  bridge,  30  feet  as  the  total  descent  at  the 
Middle  falls,  and  94  feet  at  the  Lower  falls,  then  220  feet  is  thus  accounted  for,  leaving  not  over  10  feet  to  be  made 
up  by  rapids  and  the  gradual  slope  of  the  stream. 


Estimate  ofpowe.r  at  Rochester. 


RAINFALL  ON  BASIX. 

Drainage 

area. 

Net  flow 

per 

second, 

average 

for  the  24 

hours,  (a) 

THEOBETIOAL  HOEBE-FOWEK. 

Total 

Stage  of  river. 

% 

03 

1 

1 

Ifoot 
fail. 

17  feet 

faU, 
assumed 
for  Upper 
privilege. 

100  feet 

fall, 
assumed 
for  privi- 
lege at 

f£?s™ 

30  feet 
faU,  as- 
sumed 

at 
Middle 
falls. 

94  feet 

fall, 

assumed 

at  Lower 

faUs. 

241  feet 
fall,  total 
of  four 
privi- 
leges. 

263  feet 

lall, , 
assumed 
as  total 
■within 
city  lim- 
its. 

effect 

ive 
horse- 
power 

of 
wheels 
in  use. 

In. 

■     8 

In. 

In. 
9 

In. 

7 

In. 

Sq.  miles. 
2, 474.- 

Cu.feet. 

300 

350 

600 

830 

1,100 

1,570 

2,060 

34.1 
39.8 
68.2 
94.3 
125.0 
178.4 
234.  0 

580 
680 
1,160 
1,600 
2,120 
3,030 
3,980 

3,410 
3,980 
6,820 
9,430 
12,  500 
17,840 
23,400 

1,020 
1,190 
2,050 
3,830 
3,750 
5,350 
7,020 

3,210 
3,740 
6,410 
8,860 
11,  750 
16,  770 
22,  000 

8,220 
9,590 
16, 440 
22,  720 
30, 120 
42,990 
56,400 

8,970 
10,470 
17,940 
24,  800 
32,  880 
46,  920 
61,540. 

Available  10  months,  average  year. 
Available  9  months,  average  year. . 
Available  8  months,  average  year.. 
Available  7  months,  average  year.. 
Available  6  months,  average  year.. 

6,442+ 

u.  Although  certain  statements  made  to  the  author  indicate  that  the  discharge  at  Rochester  has  been  known  to  fall  even  lower  than  the  lowest  figurea  here 
assumed,  yet  such  occurrences  appear  to  have  been  so  exceptional  and  of  so  short  duration  that  they  are  here  neglected. 

Table  of  utilized  power  on  the  Genesee  river  and  tributaries. 


stream. 


Genesee  river. 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what 


Lake  Ontario . 

...do 

...do  

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do  

...do  

...do 

...do 


State. 


Pennsylvania . . . 

...do 

Kew  York 

....do  ..'. 

...do 

...do  

...do  

...do 

...do , 

...do  

...do 

..do 

...do  

...do  


County. 


Potter , 

..  do 

Allegany  . . , 

...do 

...do  

Wyoming  ., 

...do  

Livingston 

...do 

...do , 

...do , 

...do  

...do  

...do  


Kind  of  mill  or  manufacture. 


Saw 

Woolen , 

Flouring  and  grist: 

Machinery 

Saw 

Flouring  and  grist . 

Saw 

Flouring  and  grist . 

Machinery 

Planing 

Plaster  

Saw 

Flouring  and  grist . 
...do 


1 

s 

0 

1 
11 

1 

"s 

«>1 

Feet. 

H.P. 

H.P. 

5 

74 

97 

2 

19 

30 

6 

58 

226 

2 

24 

124 

6 

59 

188 

1 

7i 

35 

1 

12 

75 

3 
2 
1 

145-t- 
200 

1 

1 

26 

o] 

5 

40 

III 

6 

30 

a  Geneseo. 


470 


b  York. 


Fig.  9.— Lower  falls  in  the  Genesee  river  at  Eochestei. 
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stream. 


Genesee  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Da 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Canaeeraga  creek  and  tributaries .. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Conesns  outlet  and  tributaries. . 

Do 

Honeoye  creek  and  tribntaries.. 

Do 

Do 

Do 

Do 

Do 

PC  


Tributary  to  what. 


State. 


Lake  Ontario  . 

....do 

....do  

...do 

.  ..do  

...do 

...do 

...  do 

....do 

...do 

...do 

....do 

....do 

...  do 

...do  

....do 

....do 

...do 

....do 

....do 

-...do 

...do 

...do 

....do 

....do  

...do 

....do 

...do 

...do 

....do  

...  do 

...do 

....do 

...do 

...do 

...do  

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do  

...do 

...do 

Genesee  river. , 

...do  

...do 

...do. 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do  

...do 

...do  


New  York  . 

...do 

..  do    

..  do 

...  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 

...do 

....do  ....'.. 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do  

...do 

...do  

...do 

...do  

...do  

...do  

...do  

...do  

...do  

..  do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do 

...do 

...do 


County. 


Kind  of  mill  or  manufacture. 


Mouroe 

...do 

....do 

....do  

...do  

....do 

...do  

...do    

...do  

....do 

....do  

...do 

...  do    

...do  

....do 

...  do 

...do 

...  do 

....do  

....do  

....do  

....do 

....do  

....do 

...  do 

...do  

...do 

....do  

...do  

....do  

...do  

....do  

....do 

....do  

....do  

....do  

....do  

....do  

....do 

....do  

..    do 

....do  

....do  

....do  

....do  

....do  

...do  

....do 

...do  

Allegany  . . 
Stenben  ... 

...do 

Livingston 

...do  

...do  

...do  

...do  

...do 

..do 

...do 

...do  

Monroe 

...do 

...do 

...do 

...do 


Agricultural  implements 

Architectural  and  ornamental iron-work. 

Axles 

Billiard  tables 

Blacking 

Eoota  and  shoes 

Boot  and  shoe  •ut  stock 

Boilers  and  steam. engines 

Brewery 

Carpentering 

Car-wheels 

Chairs 

Cigar-boxes - .  - 

Cotton  

Cutlery  and  edge-tools 

Electric  lighting 

Fire-escapes 

Fire-proof  safes,  doors,  and  vaults 

Files 

Flouring  and  grist ■ 

Furniture 

Hardware 

Iron  castings 

Iron  forgings 

Ivory  and  bone  work 

Lasts 

Looking-glass  and  picture  frames 

Machinery . . 

Models  and  patterns 

Morocco.skin  factory 

IN'eedles  and  pins 

Paper 

Printing  and  publishing 

Professional  and  scientific  instruments 

Rectifying  works 

Sashes,  doors,  and  blinds 

Scales  and  balances 

Steam-gauges  and  lanterns 

Silverware 

Soap  and  candles 

S  team.fltting  and  beating  apparatus . . . 

Tobacco  factory 

Tannery 

Tools 

Trunks  and  valises 

"Watch  and  clock  repairing 

Wooden  paeking.boxes 

Wood,  turned  and  carved 

Women's  clothing ■ 

Flouring  and  grist 

...do 

Saw  

Flouring  and  grist 

Pumps • 

Sashes,  doors,  and  blinds 

Saw 

Wooden  ware 

Flouring  and  grist ' 

Saw 

Flouring  and  grist 

Saw  

Agricultural  implements,  etc 

Fertilizers 

Flouring  and  grist 

Sashes,  doors,  and  blinds 

Saw 


Feet. 


31 
70 
14 

180 
31 
12 

120 
16 

170 
10 

125 
78 
6 
23 
84 
15 
42 


B.r. 

41 
35 
30 

20 
191 

12 

B.P. 

78 

95 
31 
138 
339 
340 

30 

2 

29 

1,  520 

158 
75 
10 
30 
15 
60 
83 

581 
45 

75 

180 

1,200 

60 

5 

13 

87 
50 
380 
1 
35 
60 

......". 

120 

50 

2 

95 

146 
13 
40 

104 
14 

523 
24 
30 

160 
20 

332 
60 

224 

115 
15 
65 

308 
25 
S8 



51 

42 

33 

4 
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Table  of  utilized  poicer  on  the  Genesee  river  and  iributaries— Continued. 


stream. 


Honeoye  creek  and  tributariee. 

Do 

Do 

Do 

Do 

Do 

OsLtka.  creek  and  tributaries  -  -  - 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do V 

Do 

Do 

Do  * 

Black  creek  and  tributaries 

Do 

Do 

Do 

Do 

Sundry  otlier  tributaries 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what  State, 


Genesee  river- 


do  .. 

do  .. 

do.. 

do  ., 

do., 
.do  .. 

do., 
.do.. 

do., 

do. 

do  . 

do  . 

do. 
-do. 
.  do. 
..do. 
..do. 
..do. 
.  do  . 
..do  . 
..do. 
.do  . 
..do. 
..do. 
..do. 
..do  . 
..do  . 
-do. 
..do. 
..do  . 
..do  . 
..do. 
..do. 
.  do. 
..do. 
.  do  . 
..do. 
..do  . 
..do  . 
..do. 
.  do. 


New  York 

...do  

...do 

...do  

..  do 

...do 

..  do 

...do 

...do 

...do 

..  do 

...do  

...do 

...do 

...do 

...do ■..., 

...do 

...do 

...do 

...  do 

...  do  .; 

...do 

...do 

...do 

....do 

...  do 

Pennsylvania. . 


County. 


Monroe  — 
Ontario  — 

...do 

...do 

...do 

...do  

"Wyoming 

...do 

...do 

...do 

...do 

Monroe . . . 

do 

...do 

Genesee  .. 

...do 

...do 

...do 

..  do 

...do  

....do  

Monroe  . . . 

....do 

Genesee  .. 

....do  

...do 

Potter .... 


New  York }  Allegany  . , 

...do 

...do 

"Wyoming 

...do 

...do 

...do 

...do  .   ... 

...do 

...do 

...do 

...do 


do 

do 

do 

do    

.do 

-do 

.do 

-do 

.do 

do 

.do 

. .do !  Livingston. 

..do do 


Kind  of  mill  or  manufacture. 


"Woolen 

Carriage  and  wagon  materials  . 

Flouring  and  grist 

Macbinery - 

Paper 

Saw 

Cooperage 

Flouring  and  grist 

Machinery 

Saw 

"Wood,  turned  and  carved 

Fertilizers 

Flouring  and  grist 

"Woolen 

Agricultural  implements 

Fertilizers 

Flouring  and  grist 

Linseed  oil 

Paper 

Sashes,  doors,  and  blinds . . . 

Saw '. , 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Saw 

"Woolen 

Flouring  and  grist 

..do 

Paper 

Saw 

Agricultural  implements 

Cooperage 

Flax,  dressed  ..'. 

Flouring  and  grist 

Lumber,  planed 

Sashes,  doors,  and  blinds 

Saw 

"Wooden  ware 

"Woolen 

Flouring  and  grist 

Saw 

Flouring  and  griat 


Feet. 

11 

14 

102 

12i 

15 

68i 

12 

78 

8 
25 
14 
32 
80 

6 

6 

4 
49 

7 
28 

7 
22 

8+ 

8 

141 

70 

20 

20 

311 

20 

165 

38 

9 

29 

186 


s 


18 
121 
10 
29 
34 
20 
15 


S.P. 

20 
14 

211 
12 
90 

173 
20 

154 
12 
46 
12 

137 

233 
18 
20 
50 

183 
2 
50 
6 
45 
90 
20 

275 
61 
15 
15 

476 
55 

411 

123 
12 
33 

349 
10 
15 

342 
53 
47 
80 
20 
70 


3  P« 


S.P. 


40 


20 


30 


45 
75 


Table  of  utilized  power  on  sundry  streams  flowing  into  lake  Ontario. 


stream. 


Sandy  creek  and  tribntaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

472 


Tributary  to  what. 


Lake  Ontario . 

....do  

....do  

....do  

....do- 

...do  

...do  

....do 

...do 

...do 

...do 


State. 


New  York. 

...do 

....do 

...do 

...do 

....do 

do  — ., 

...do , 

...do 

....do 

...do 


County. 


Jefferson. 
...do  ... 
...do  .... 
....do.... 
...do  .... 
....do  .... 
...do  .... 
...do  .... 
....do.... 
....do  .... 
....do.... 


Kind  of  mill  or  mannfaoture. 


Blacksmithing , 

Carpentering 

Csoperage .' , 

Flouring  and  grist 

Furniture 

Lnmber,  planed 

Paper 

Sashes,  doors,  and  blinds 

Saw 

Tannery 

Wooden  handles 


-d 

% 

N 

f- 

i 

g 

h 

■s 

0 

|l 

^ 

■a 

^« 

a 

^ 

5 

'A 

H 

H 

J'eef. 

ff.P. 

2 

24 

26 

1 

12 

20 

1 

12 

12 

12 

159 

462 

2 

25 

20 

1 

12 

20 

1 

18 

50 

1 

9 

15 

21 

244 

443 

1 

6 

21 

1 

li 

10 

^1 


S.P. 


15 
10 


13 


THE  REGION  TRIBUTARY  TO  LAKE  ONTARIO. 


55 


Table  ofutillzeil  power  on  sundry  streams  flowing  into  lake  Ontario — Coutinued. 


stream. 


Sandy  creek  and  tribataries 

Do 

Do 

Salmon  river  and  tribntariea 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do  

Irondequoit  oreek  and  tributaries-  ■ 

Do 

Do 

Oak  Orchard  creek  and  tribntaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Eigbteen-Mile  creek  and  tributaries. 

Do 

Do 

Other  small  streams 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do : 

Do 

Do 

Do 


Tributary  to  what. 


Lake  Ontario. 

....do  

...do  

....do 

....do 

....do 

....do 

....do 

....do , 

...do 

....do , 

....do 

...do 

....do  

...do 

....do 

....do  

....do 

....do  

...do 

....do 

...  do 

...do 

.-..do    

-..-do  

-..-do  

-...do  

...do 

....do  

....do  

....do  

-...do  

...-do  

...-do  

...do 

...do 

....do  

...do 

...-do' 

....do  

....do  

.-..do 

....do --. 

....do 

....do 

...  do  

.--.do  

...do  

.-..do  

...do  

....do  

...do  

...-do  

....do  

..-  do 

...do  

...do 

....do  

.-.do 

...do  

....do  

...do  


State. 


New  York . 

...do 

...do  

...do 

--.do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do  

..do 

...do 

...do 

...do 

...do 

...do 

...do 

--.do    

...do 

...do 

..  do 

--.do 

--.do 

..  do 

...do  

...do 

...do 

...do 


..do  . 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  - 
..do  - 
..do  . 

.do  . 
..do  . 
..do. 

.do. 

.do  . 

do  - 

-do. 

.do. 

.do. 


County. 


Jefferson. . 

Lewis 

...do 

Oswego . . . 

...do  

...do 

...  do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

Lewis 

Monroe . . . 
...do 

Ontario  . . . 

Orleans  . . . 
.--.do    .... 

...do  

...do 

..-.do 

...  do  

Genesee  .. 

2^iagara . . 

...  do 

...do  

...do 

....do 

Jefferson. 

...do 

...do 

...do  

...do 

Oswego . . , 

...do 

...do 

...do 

...do 

...do  

...do  ..... 

-.  do 

...do 

...do 

...do 

....do    ... 

Cayuga... 

..do 

"Wayne  ... 

..  do 

...do 

.-.do..... 

Monroe  .  - . 

--.do  ---- 

Orleans  -  - 

-.-do 

-..do 

...do 

Niagara. . . 

...do 

...do  


Kind  of  mill  or  manufacture. 


Woolen 

Furniture 

Saw 

Cooperage  

Flouring  and  grist 

Furniture.  -  - 

Machinery 

Paper 

Sashes,  doors,  and  blinds 

Saw 

Tanneries 

Wheelwrighting 

Wooden  packing-boxes 

Woolen 

Saw 

Paper 

Flouring  and  grist 

-do 

Agrioultnral  implements 

Carpentering 

Flouring  and  grist 

Machinery 

Paper 

Saw , 

Flouring  and  grist , 

..-do 

Saw 

Agricultural  implements 

Flouring  and  grist 

Saw 

Agricultural  implements 

Butter  and  cheese 

Flouring  and  grist 

Sashes,  doors,  and  blinds 

Saw 

Agricultural  implements 

Carpentering , 

Cooperage  

Flouring  and  grist , 

Iron  castings  and  finishings  . . . 

Lumber,  planed , 

Machinery 

Sashes,  doors,  and  blinds 

Saw 

Tannery 

Wheelwrighting 

Woolen 

Flouring  and  grist 

Saw 

Flax,  dressed 

FUuring  and  grist . 

Pumps  ' 

Saw 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Pickles,  preserves,  and  sauces . 

Saw. 

Yinegar  

Flouring  and  grist 

Paper 

Saw 


Feet. 

18 

14 

30 

5 

67 

5 

10 

22i 

20 

176i 

23 

5 

12 

15 

B2 

18 

75J 

16+ 

18 

7 

139 

32 

21 

llOJ 

21 

15 

22 

7 

62 

37 

12 

3 

130 

22 

74i 

9 

12 

4 

166 

8 

10 

9 

28 

438i 

10 

9 

12+ 

52 

82 

9 

185 

8 

134i 

174 

50 

181 

11 

64 

23 

lOi 

13 

37 


12 

6 

61 

10 

288 
10 
15 

120 
65 

399 
39 
20 
20 
20 

183 

111 

237 
BO 
30 
10 

464 

245 
88 

350 
46 
80 
50 
10 

300 

98 

22 

1 

343 

e 

253 

10 
8 

10 
710 

28 
8 

10 

56 
937 

18 
4 

34 
135 
235 

12 
■  490 

10 
200 
620 

60 
460 

36 
153 

44 

50 

50 


■S  p, 


S.P. 


84 
12« 


70 

53 
55 

18 


10 
IS 


16 
20 
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Summary  of  utilised  ]9ower  on  streams  tributary  t» 


Stream. 

FLOnEDtG-  AND  GEIST-MILL8. 

SAW-MILLB. 

PAPBE-MILL6 

.(a) 

o 

1 
1 

i 

I 

i 

g  Pi 

4 

1 

1 

i 

1' 

< 

o 

a 

r 

i 

3  * 

1 

Black  river  ajid  tiibutS'TieS'- 

35 
253 
126 

97 

H.P. 

2,235 

12,  590 

5,667 

4,665 

H.P. 

65 
814 
235 
268 

.     81 

227 

65 

138 

H.P. 

2,737 
5,906 
1,950 
3,502 

H.P. 

11 
26 
4 
6 

4,707 

2,047 

1,395 

419 

H.P. 

">: 

295 

4 

331 

207 
115 
84     ■ 

s 

Genesee  river  and  tributaries 

4 

Snndry  otlier  streams 

Total 

516 

25, 157  ■ 

1,382 

511 

14,  095 

630 

47 

8,568 

406 

a  Including  two  or  three  pulp-mills. 

Note. — The  class  of  "metal-working  establishments"  includes  works  for  the  manufacture  of  agricultural  implements,  architectural  and  ornamental  iron- work, 
iron  forgings ;  sewing-machines  and  materials,  pumps,  vacuum-brakes,  and  general  machinery ;  lamps  and  reflectors,  needles  and  pins,  professional  and  scientifle 

The  class  of  "  wood- working  establishments'*  includes  planing-  and  shingle-mills ;  carpentering,  cooperage,  wheelwrighting,  and  wood-turning  and  carving- 
looking-glass  and  picture  frames,  models  and  patterns,  organs,  pacldng-bozes,  piano  materials,  sashes,  doors,  and  blinds;  washing-machines  and  clothes-wringerSr 

The  class  of  "  sundry  other  establishments "  includes  1  carpet  factory,  4  cotton  factories,  5  hosiery-mills,  1  silk-mill,  2  electric-lighting  works,  1  dry-dock,  3 
grain-elevators,  printing  and  publishing  works,  tanneries,  1  stone-quarry ;  and  concerns  engaged  in  the  manufacture  of  animal  oil,  blacking,  boots  and  shoes  and 
whetstones,  ivory  and  bone  work,  lime,  malt,  morocco;  pioUes,  preserves  and  sauces;  soap  and  candles,  starch,  sportrng  goods,  table-mats,  trunks  and  valises,  and 
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5T 


WOOLEN-MILLS,  (6) 


1 


S.P. 

42 

2,492 

130 


S.P. 

572 


572 


MBTAL-WURKINQ  ESTABLI8B- 
HENTa. 


14 
64 


150 


I 


H.P. 

879 
2,691 
2,088 

406 


6,064 


H.P. 

30 
1,155 


1,203 


WOOD-WOEKING  E8TABU8B- 

MBNT8. 


41 
80 
50 
24 


105 


I 


Pi  13 


S.P. 

1,299 
1,941 
1,125 


■< 


B.P. 

57 
313 
156 

10 


636 


8Uin)Ilir  OTHER  E8TABLI8U- 

MENTB. 


28 

70 


144 


I 

O  « 

e>.a 


^ 


H.P. 

1,130 

3,821 

1,543 

171 


6,665 


^1 

"3    P4 


■4 


S.P. 

233 

812 

13 

27 


1,085 


I 


212 
748 
349 
292 


O  ID 


H.P. 

13,  029 
31, 488 
13,  808 
9,559 


67,  974 


H.P. 

385 

4,168 

523 

738 


5,814 


b  Inolnding  a  worated-mlll,  a  hosiery-mill,  and  a  knit-trnderwear  mill. 

boilers  aud  steaui-eDgines,  cur-wheels,  cutlery  and  edge-tools,  files,  and  general  hardware ;  flre-proof  safes,  doors,  and  vaults ;  iron  castings  and  finishings,  and 

instmments,  scales  and  balances,  silTcr-ware,  steam-fitting  and  heating  apparatus,  snrgical  appliances,  tin-,  copper-,  and  sheet-iron  ware. 

shops ;  and  works  for  the  mannfaotnre  of  allies,  billiard-tables,  carriages  and  wagons  and  materials,  chairs,  cigar-boxes,  coffins  and  bnrial-cases,  fnmitare,  lasts, 

wheelbaiTows,  window-blinds  and  shades,  wooden  handles,  and  wooden  ware. 

pamping-works  for  water-supply,  breweries,  distilleries ;  millwrighting,  fiax-dressing,  wool-carding,  watch-  and  clock-repairing,  and  file  shops ;  rectifying  works, 

out-stock;  bread,  crackers,  etc. ;  butter  and  cheese,  cement,  fei-tilizers,  plaster,  chewing- and  amoking-tobaoco  and  snnfT,  flux,  fire-escapes,  gunpowder,  hones  and 

women's  clothing. 
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Although  the  Champlain  canal  was  completed  as  far  back  as  1823,  the  Brie  in  1825,  and  the  more  important 
•of  the  Other  New  York  canals  within  the  succeeding  eight  years,  there  were,  at  the  period  of  their  construction, 
numerous  mills  scattered  through  the  state  which  were  run  by  water-power,  some  of  them  occupying  piivileges  on 
streams  that  were  more  or  less  interfered  with  for  feeding  the  canals  and  that  had  their  flow  diverted  to  the  injury  of 
the  mills.  Where  such  diversions  were  made  the  owners  of  the  privileges  were  permitted,  under  certain  conditions, 
to  draw  off  surplus  water  from  the  canals  or  at  the  feeder-dams,  as  the  case  might  be.  If  the  powers  at  the  dams 
were  not  thus  taken  up,  then  the  state  sold  or  leased  the  rights  of  the  surplus  waters  to  the  highest  bidder.s.  In 
this  way  it  has  come  about  that  at  many  of  the  feeder-dams,  and  at  some  points  on  the  lines  of  the  canals,  powers 
are  in  use  that  are  dependent  on  the  state  improvements.  Equitable  as  the  granting  of  these  rights  may  have 
been  originally,  the  rentals  received  now  apjiear  very  small  in  comparison  with  the  value  of  the  privileges;  there 
is  a  natural  tendency  to  disregard  the  rights  of  the  state  and  to  draw  down  the  levels,  and,  so  far  as  concerns  thei 
working  of  the  canals,  the  withdrawals  for  hydrauhc  power  can  not  be  regarded  as  other  than  prejudicial,  though 
perhaps  not  greatly  so.  As  late  as  1880,  at  least,  the  relative  rights  of  the  state  and  of  individuals  regarding  these 
privileges  were  an  unsettled  and  disputed  question,  and  the  policy  observed  by  the  former  was  not  to  lease  or  in 
any  other  way  dispose  of  more  water. 

According  to  a  report  made  in  March,  1871,  by  the  auditor  of  the  New  York  canal  department,  there  were  in 
force  at  that  time  18  water-leases,  yielding  to  the  state  a  total  annual  rental  of  about  $3,400.  Of  this  amount,  $206 
was  derived  from  the  surplus  water  at  the  head  of  the  locks  at  Lockport;  $210  from  the  surplus  at  the  Glens  Falls 
feeder-dam ;  $550  from  the  surplus  at  the  Troy  and  Lansingburg  dam  on  the  Hudson  river,  and  between  $1,500 
^nd  $1,600  from  surplus  waters  leased  at  Black  Eock,  at  the  western  terminus  of  the  Erie  canal. 

POWER  AT   LOCKPOET. 

In  the  31  miles  from  the  Buffalo  termiuus  to  Lockport  the  Erie  canal  is  without  lift-locks,  and  the  only  change 
in  level  is  that  due  to  a  very  small  slope  in  the  water-surface,  and  amounting  to  but  0.8  of  a  foot  in  the  whole 
distance.  At  Lockport  there  is  a  sudden  descent  in  a  flight  of  five  combined  double  locks,  with  a  total  fall  of 
between  57  and  58  feet,  and  a  second  long  level  succeeds  for  62  miles  to  Eochester,  in  which  the  additional  fall  is 
only  3.2  feet.{a)  At  Black  Eock,  4  miles  to  the  north  of  Buffalo,  an  abundant  supply  of  water  is  received  from  the 
Niagara  river.  This  is  indeed  the  main  dependence  as  far  east  as  the  Montezuma  le^el,  MO  or  150  miles  from  the 
western  terminus.  The  prevalence  of  a  strong  east  wind,  however,  is  liable  to  interfere  at  times  with  the  delivery 
of  water  at  so  great  a  distance,  and  the  same  difQculty,  to  a  much  more  serious  and  lasting  extent,  is  caused  by  the 
heavy  growth  of  eel-grass  in  the  canal  in  summer,  and  at  such  times  additional  feeders  along  its  course  have  to  be 
more  or  less  relied  upon.  The  quantity  of  water  necessary  to  meet  the  demands  of  this  long  stretch  of  canal  must 
evidently  be  large,  and  is  stated  by  Mr.  Olmstead,  civil  engineer,  of  Lockport;  to  be  from  30,000  to  36,000  cubic  feet 
per  minute,  or  from  500  to  600  cubic  feet  per  second. 

The  flight  of  locks  at  Lockport  lies  in  a  deep  and  narrow  ravine  which  opens  out  considerably  below,  and  which 
was  once  the  valley  of  a  small  "  wet- weather"  creek.  The  rock  strata  forming  the  sides  of  the  ravine  are  composed 
of  limestone  for  from  12  to  18  feet  down  from  the  surface,  below  which  depth  there  is  for  a  long  distance  a  hard 
blue  shale.  The  combined  demands  of  the  hydraulic  races  and  of  lockage  do  not  at  all  times  equal  the  volume 
flowing  in  the  canal,  and  in  order  to  pass  the  surplus  the  state  has  a  waste-way  running  down  beside  the  locks  and 
emptying  into  the  lower  level.  Some  distance  beyond,  in  the  lower  part  of  the  city,  a  considerable  discharge  of 
surplus  water  passes  from  the  canal  over  a  weir  into  Eighteen-Mile  creek,  and  on  its  way  through  that  stream  to 
lake  Ontario  furnishes  power  to  a  number  of  mills. 

a  the  various  figures  for  the  changes  in  level  of  the  water-surface  of  the  canal  are  drawn  from  a  profile  of  the  western  division 
accompanying  the  Annual  Report  of  the  Superintendent  of  Public  Works  for  the  year  ending  September  30,  1881. 
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From  the  level  above  the  locks  two  hydraulic  races  open  out,  one  on  each  side.  That  on  the  south  follows 
along  the  steep  side  of  the  ravine  into  which  it  is  cut,  being  supported  in  part  on  the  outer  side  by  wall  and 
embankment.  This  race  has  a  water-depth  of  6  feet,  and,  where  the  topography  and  material  passed  through 
admit,  side-slopes  of  1  to  1  and  a  width  at  bottom  of  12  feet.  It  is  perhaps  half  a  mile  in  length,  and  tolerably 
uniform  in  size,  except  as  it  contracts  to  pass  through  an  arched  opening  under  a  road-way.  On  the  line  of  the  race 
are  supplied  six  flouring-mills,  having  in  the  aggregate  13  runs  of  stone,  65  sets  of  rollers,  and  a  capacity  of  1,200 
or  1,300  barrels. of  flour  per  day.  Still  another  large  flouring-mill  draws  independently  from  the  Erie  canal.  Power 
is  also  furnished  l,o  the  works  of  the  Pound  Manufacturing  Company,  employing  50  men  and  turning  out  stationary 
and  marine  engines,  derricks,  dredges,  etc.  The  Penfleld  Block  Company  has  a  large  establishment  in  which  it 
makes  tackle  and  hoisting-blocks,  sheaves,  trucks,  and  barrows,  giving  employment  to  over  50  hands.  Trevor  & 
Co.  have  40  bands  at  work  in  the  manufacture  of  shingle,  heading,  stave,  and  wood-pulp  machinery.  Small  powers 
are  also  used  for  a  number  of  printing-presses  and  goods-elevators,  a  grain-elevator,  two  bakeries,  two  machine-shops, 
and  in  a  variety  of  other  shops  of  moderate  size,  including  in  their  productions  faucets,  agricultural  implements, 
shirts,  patterns,  oil,  and  sashes. and  blinds. 

On  tbe  north  side  a  main  tunnel,  8  by  12  feet  in  size,  extends  from  350  to  400  feet  to  the  works  of  the  Holly 
Manufacturing  Company,  manufacturer  of  water-works  machinery,  and  employing  300  hands.  A  short  intersecting 
or  branch  tunnel  supplies  the  Eichmond  Manufacturing  Company,  employing  45  hands  on  flouring-mill  machinery. 
Besides  the  more  direct  use  of  power  from  turbines,  wire  cables  are  quite  commonly  availed  of  at  Lockport  for 
transmitting  power.  This  mode  of  transmission  is  here  limited  to  rather  small  powers,  probably  not  exceeding  20 
or  30  horse-power  in  any  one  case.  The  longest  interval  overcome  by  cable  is  in  the  neighborhood  of  1,500  feet. 
From  the  Pound  Manufacturing  Company's  works,  which  are  located'  on  the  south  slope  of  the  ravine,  seven 
cables  run  up  to  the  top  of  the  slope  and  transfer  power  to  a  number  of  printing  and  small  manufacturing  shops. 
The  cables  are  three-eighths  of  an  inch  in  diameter,  and  the  largest  sheave  used  is  6  feet  in  diameter.  Cables  have 
been  run  here  for  periods  ranging  from  two  to  seven  years  without  wearing  out.  They  are  thoroughly  coated 
every  week  with  tar,  and  the  sheaves  are  packed  with  tarred  rope. 

Lockport  is  a  city  of  13,500  inhabitants,  lying  northeasterly  from  Buffalo,  and  distant  from  that  city  26  miles  by 
the  New  York  Central  and  Hudson  Eiver  railroad.  The  water-power  here  described  is  mainly  controlled  by  the 
Lockport  Hydraulic  Company,  which  bought  out  the  rights  of  the  old  lessees.  Flour  has  always  been  a  leading 
production  at  this  point,  but  with  the  growth  of  the  city  other  branches  of  manufacturing  have  also  come  into 
prominence.  The  Hydraulic  company  owns  unoccupied  land  along  its  races,  but  looks  for  profit  chiefly  in  the  disposal 
of  power,  and  is  willing  to  sell  land  to  manufacturers  at  very  low  rates.  A  perpetual  lease  is  given  of  the  power, 
and  the  lessee  has  the  privilege  of  making  the  title  absolute  at  any  time  by  paying  a  principal  sum  which  at  7  per 
cent,  interest  would  yield  the  amount  of  the  annual  rental.  In  case  of  a  deficiency  in  the  supply  of  water,  the  right 
of  any  owner  or  lessee  to  its  use  is  subject  to  all  rights  conveyed  by  prior  grants  or  leases.  Water  is  leased  in  so-called 
"  runs",  which  are  assumed  equivalent  to  12  effective  horse-power  each,  the  number  of  cubic  feet  being  adjusted  to 
the  fall  to  be  employed  so  as  to  produce  that  equivalence.  The  manner  of  this  adjustment  and  the  condition  under 
which  water  shall  be  drawn  are  thus  expressed  in  the  leases : 

And  the  parties  af  the  first  and  second  part,  respectively,  for  themselves  and  their  successors,  executors,  administrators)  and  assigns, 

grant,  covenant,  and  agree,  each  to  and  with  the  other  party, executors,  administrators,  successors,  heirs,  or  assigns,  as  follows :    The 

term  "twelve  horse-power",  as  used  herein,  is  defined,  and  shall  be  construed,  to  mean  a  water-power  equivalent  to  the  power  given  by 

the  discharge  and  use  of cubic  feet  of  w.iter  in  each' second  when  the  fall  or  difference  in  elevation  between  the  surface  water  levels 

of  the  said and  the  lower  or  Genesee  level  of  the  Erie  canal,  from  and  into  which  the  water  is  to  be  drawn  and  discharged,  shall 

be feet ;  and  as  the  fall  may  sometimes  vary  from  ice,  change  of  levels,  or  other  causes,  the  quantity  of  water  drawn  under  this  grant 

shall  be  increased  or  diminished  as  the  fall  with  which  it  can  be  used  as  aforesaid  is  diminished  or  increased ;  and  to  avoid  uncertainty 
the  following  table  is  agreed  upon  as  stating  correctly  the  number  of  cubic  feet  of  water  per  second  necessary  to  give  one  "twelve  horse- 
power" as  aforesaid,  with  each  different  and  respective  fall  therein  given; 

Table  giving  the  number  of  mbio  feet  of  water  per  second  which  i»  equivaUnt  to  "twelve  horse-power",  on  different  falls,  alUnoing  95  per  cent,  for 

waste  andfriction.(a) 

Cubic  feet  per  second. 

24  feet  fell 6.700 

25  feet  fall 6.432 

26  feet  fall 6. 194 

27  ifeet  fall 5.955 

28  feet  fall 5.544 

29  feet  fall 5.360 

etc.,  etc. 

The  water  is  to  be  drawn  through  a  water-tight  trunk  or  pipe,  and  such  trunk  or  pipe  and  the  water-wheels,  apertures,  and  other 
apparatus  for  drawing  the  water  shall  be  constructed  of  sufficient  capacity  and  proper  form  to  enable  the  grantee  to  use  more  or  less 
water,  according  to  the  variations  of  fall  as  aforesaid. 

a  According  to  the  table,  the  allowance  for  waste  and  friction  appears  to  be  about  35  rather  than  25  per  cent. 
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Fig.  10.— Flight  of  locks  in  the  Erie  canal  at  Lockport. 
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Assuming  tbeflgiires  previously  given — from  500  to  000  cubic  feet  per  second — as  tlic  full  supply  passing  through 
the  Erie  canal,  and  nllowing  100  cubic  feet  i>or  second  to  the  possible  demands  of  lockage,  there  remains  say  from 
400  to  500  cubic  feet  per  second  axailiible  lor  power.  With  a  fall  of  67  feet  the  resulting  power  will  be  as  shown 
in  the  following  table: 

Estimate  of  power  at  Loclcport. 


Assumed 

volume  of 

water. 

AMsuified 
fall. 

i"  tTo"        '°S  eflectiv,,  iuguumborof 
r«ii,".i  i„,.>,n    liorse-powcr,  1      "twelve 
now',        1  atOSpercBot.  liorso-power " 
'                 1    efiacii'ucy.    1        runs. 

NuiribtT  of 
runs  owned 

independ- 
ently of  Hy- 
draulic 

company. 

Number 

of 

runs  rented 

by 
company. 

Runs 
remiiiuin^ 

not 
disposed  of. 

Eilective 
horaepower 

(at  Co  per 
cent.)  remain- 
ing not 
disposed  of. 

Cu./ceipersec.          Fret. 

100                        1 

11.30    1              7.38 
647. 62               420.  89 

0.61 
35+ 
140+ 
176+ 

100 

\              57. 

400 
600 

2,690.00    j        1,684.00 
3,238.00    !        2,104.00 

}               24                  a  45 

C             71+ 
i           106+ 

850.  00 
1,276.00 

a  December  1,  1882. 

Note. — By  census  enumerators'  returns  the  total  rated  capacity  of  wheels  in  place  in  1880  was  upward  of  1,400  effective  horse-power;  but  these  wheelB  are 
doubtless  rated  at  a  considerably  higher  efficiency  than  65  per  cent. 

It  appears,  therefore,  that  with  a  full  stage  of  water,  supposing  an  average  efiQciency  of  65  per  cent,  to  be 
attained  in  its  use,  the  entire  privilege  is  equivalent  to  from  1,680  to  2,100  effective  horse-power,  or,  at  12  horse- 
power to  the  run,  to  from  140  to  175  run.s.  But  li4  of  these  runs  are  owned  by  individuals  who  bought  before  the 
Hydraulic  company,  and  who  are  consequently  independent  of  it.  On  the  1st  of  December,  1882,  45  runs  in  addition 
had  been  rented  by  the  company  to  manufacturers,  leaving,  according  to  this  estimate,  from  70  to  something  over 
100  runs,  or  say  from  850  to  1,250  or  1,300  effective  horse-power  still  available. 

The  rental  charged  by  the  company  ranges  from  $150  to  $200  per  annum  per  run,  or  from  $12  50  to  $16  67 
per  effective  horse-power.  The  amount  of  water  used  by  consumers  is  judged  mainly  by  the  wheel-ratings,  with 
occasional  measurement.s  in  tail-races.  It  is  not  probable  that  the  actual  surplus  of  water  unemployed  would 
supply  the  850  to  1,250  horse-power  which  has  been  estimated  above,  although,  of  course,  by  a  strict  system  of 
measurements  it  could  be  appropriated  for  that  purpose.  As  it  is,  many  of  the  wheels  in  use  are  extremely  wasteful, 
and  doubtless  draw  much  more  water  than  they  are  entitled  to.  It  is  said  that  a  decree  of  court  has  directed  the 
use  of  fixed  weirs,  over  which  water  should  be  drawn  into  the  various  flumes,  but  they  are  not  generally,  if  at  all, 
used.  In  one  instance,  it  was  found  that,  restricting  a  certain  miller  by  means  of  a  weir,  in  the  specified  manner, 
to  the  amount  of  water  which  was  properly  his  due,  he  was  not  able  even  to  start  his  wheels.  It  is  thought  that 
a  system  of  fixed  weirs  would  not  work  satisfactorily  here,  on  this  account:  At  Black  Eock,  where  the  Erie  canal 
is  fed  from  the  Niagara  river,  the  millers  employing  water  power  are  in  the  habit  of  partially  closing  the  gates  into 
the  canal  during  winter,  it  being  claimed  that  their  own  power  is  thereby  slightly  benefited;  the  level-at  Lockport 
is  thus  lowered,  even  to  the  extent  of  2  or  3  feet,  and  little  or  no  water  would  pass  over  fixed  weirs  properly  adjusted 
to  a  full  stage. 

Although  the  flow  in  the  canal  is  quite  uniformly  maintained  in  summer,  it  is  during  the  rest  of  the  year  at 
times  much  reduced  and  even  stopped.  The  trouble  due  to  the  action  of  the  millers  at  Black  Eock  sometimes 
continues  all  winter.  Again,  for  from  two  to  four  weeks  everj'  spring  the  state  has  the  water  entirely  drawn  out 
from  the  canal  to  admit  of  inspection  and  repairs.  The  Lockport  factories  are  then  dependent  upon  steam-power, 
while  the  flouring-mills  shut  down  altogether.  -For  the  greater  part  of  the  year,  however,  the  hydraulic  power  at 
this  point  is  steady  and  reliable,  and  is  capable  of  supporting  much  more  manufacturing  than  at  present.  Very 
slight  hinderance  is  experienced  from  anchor-ioe.  At  times  in  winter,  when  the  south  race  becomes  drawn  down, 
ice  freezes  to  the  bottom  and  impedes  the  flow  of  water;  but  as  soon  as  the  level  rises  again  the  current  carries 
along  this  ice  and  it  is  shot  out  of  the  race  at  certain  points.  At  the  lower  end  of  the  race  the  experiment  has 
been  tried  of  covering  it  with  planking,  which  has  proved  quite  successful  in  guarding  against  the  formation  of  thick 
ice.  The  race  on  the  north  side  of  the  ravine,  being  inclosed  in  a  tunnel,  is  protected  and  free  from  all  ice. 
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Table  of  utilized  power  on  the  New  York  state  canals.{a) 

[From  returns  by  census  enumerators.] 


Canal. 


County. 


Kind  of  mill  or  manufacture. 


?S3 


£■5= 


Er^ 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Black  Kiver. 

Do 

Oswego 

Champlaiu... 

Do 

Do 

•     Do 

Do 

Do 


Kiagara 

...do 

...do  

...do 

...do 

...do 

...do  ...' 

...do  

...do 

...do  

...do .. 

...do 

...do  ........ 

Monroe 

...do 

Oneida 

Onondaga 

Oneida 

...  do 

Onondaga 

Albany  

Saratoga 

...do 

...do  

...do 

"Washington  . 


Agricultural  implements 

Blocks,  sheaves,  etc 

Cotton-batting 

Fruits  and  vegetables,  canned  and  prepared  . 

Flouring  and  grist 

Good«-elevators 

Grain-elevator -^ 

.Iron  castings  and  finishings 

Leather,  tanned  and  curried 

Machinery  

Printing-presses  operated 

Shirts 

Woolen  

Furniture 

Saw 


...do   

Flouring  and  grist 

Sashes,  doors,  and  blinds 

Saw 

Salt, 

ittardware 

Brooms  and  brushes 

Hosiery 

Machinery 

Saw 

...do 


Feet. 


'^  an 


Hi 

14 
14 

8 
28 
10 
27-1- 
27 
lOJ 
11 
20 

8 
32 
26 


S.P. 


1,421 


58 
58 
30 

200 
24 
95 
75 
80 
28 
90 
45 

119 
68 


S.  P. 


350 


12 


15 


90 
60 


30 


a  Powers  at  feeder.dams  are  classed  with  the  rivers  on  which  the  dams  are  located. 
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"Water-power  of 61-C4 

Canal-powers  of  New  York  state — 
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Estimated  power  per  foot  of  fall  at  bead  of  outlet  of 37 

Fall  in  outlet  of 36 

Carthage — 

Estimate  of  power  at 10 

Power  on  Black  river  at 9, 10 
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Clyde  river — 

And  tributaries,  drainage  areas  of 37 

Fall  in 36 

Comparison  of  Genesee,  Oswego,  and  Black  rivers  4 


Cost  of  water-power  on — 

LockjiRrt  Hydraulic  Company's  canal 63 

Oswego  hydraulic  canal 2& 

Upton's  privilege  at  Rochester 50 

Varick  hydraulic  canal,  Oswego 25,  26 

Crooked  lake  {see  Kenka  lake) 35 

]>. 

Dam — 

I'ailure  of,  on  Black  river  at  Huntington  ville IT 

Near  Black  River  village,  carried  away  by  ice It 

Near  Carthage,  failure  of,  in  ice-freshet 10' 

On  Black  river  at  Remington's  paper-mill  privilege  near  Water- 
town,  description  of iG^ 

Dexter,  power  on  Black  river  at IT 

Discharge  of— 

Black  river 7,  & 

Genesee  river 4ft 

Oswego  liver    22 

Diversion  of  water  to  Erie  canal  from— 

Black  River  basin 5- 

Genesee  River  basin  46 

Oswego  River  basin 22,  2S 

Drainage  areas  of— 

Black  river  and  tributaries 8, 17, 1& 

Cayuga  lake  and  tributaries 36 

Clyde  river  and  tributaries 37 

Genesee  river  and  tributaries 47 

Lakes  in  Genesee  River  basin 46 

Lakes  in  Oswego  River  basin 21 

Oneida  river  and  tributaries 31 

Oswego  river 20,30 

Oswego  River  basin,  from  which  there  is  diversion  of  water  to  Erie 

crtnal 2S 

0  wasco  outlet 38 

Seneca  lake  and  river 35 

F. 

Fall  at— 

Lockport 63 

Portage  falls 4T 

Rochester 4& 

Fall  In— 

Beaver  river 6 

Black  river 6, 7 

Canandaigua  outlet  and  Clyde  river 36 

Chittenango  creek 31 

Geneaeo  river 45- 

Kouka  outlet 35 

Moose  river ^ 

Nine-Mile  creek 4t» 

'  Oneida  river SQf 

Oawego  river 2* 

0  wasco  outlet ^S 

Seneca  river 31, 32 

Skaneatelea  creek ^^ 

Felt's  Mills,  power  on  Black  river  at 10, 11 

Fulton- 
Estimate  of  power  at ^ 

Manufacturing  at 28 

Power  on  Oswego  river  at 28, 20 
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LETTER  OF  TRANSMITTAL: 


New  York.  N.  Y.,  April  1, 1883. 
Professor  W.   P.  Teowbeidge, 

Columbia  College,  New  York,  N.  Y. 
Sir:     I  beg  to  submit  herewith  mj'  report  on  the  water-powers  of  the  draiDage-basins  of  lakes  Huron  and 
Erie  in  the  United  States,  and  on  the  water-power  of  the  Niagara  river. 

Most  of  the  investigations  on  which  this  report  is  based  were  made  in  the  winter  and  spring  of  1880-'81,  and 
it  should  be  remembered  that  since  that  time  considerable  changes  have  taken  place  in  the  power  utilized,  especially 
so  at  Niagara  falls,  where  important  improvements  were  being  made  during  my  visit. 
Very  respectfully, 

JAMES  L.  GKEENLEAF, 

Special  Agent. 
491— V 


EASTERN  DRAINAGE  AREA   OF  THE  LOWER  PENINSULA  OF  MICHIGAN. 


GENERAL  DESCRIPTION  OP  THE  REGION. 

The  area  is  bounded  on  the  east  by  lake  Huron,  Saint  Glair  river,  lake  Saint  Clair,  Detroit  river,  and  lake 
Erie.  The  distance  from  these  navigable  waters  to  the  line  of  water-shed  is  not  more  than  70  or  80  miles.  The 
land  is  quite  level,  rising  toward  the  northern  part.  In  the  lower  part  the  soil  is  a  sandy  or  gravelly  clay,  well 
adapted  to  raising  wheat,  which  is  the  staple.  In  the  northern  part  there  is  much  ])iue  lumber  cut.  The  rivers 
are  short  and  not  of  large  size ;  those  in  the  upper  part  of  the  region  are  mainly  devoted  to  rafting.  There  are 
no  very  important  water-powers  to  be  found. 

No  rivers  north  of  the  Saint  Clair  were  visited.  There  are  powers  in  use  on  the  northern  rivers,  especially  the 
Thunder  Bay  river,  but  they  are  used  for  sawmills  and  local  gristmills,  and  have  not  the  importance  they  will 
probably  possess  when  the  country  is  more  settled. 

The  rivers  have  only  in  a  few  instances  reached  the  rock ;  they  have  worn  their  beds  in  the  drift,  which  here 
covers  the  rock  in  a  deep  layer.  Hence  the  dams  have  mostly  an  earth  foundation,  which  is,  however,  a  compact 
gravelly  clay,  and  the  banks  are  usually  high  enough  to  restrain  the  ponds  within  small  limits. 

None  of  the  rivers  are  navigable  except  for  short  distances,  and  are  used,  as  far  as  shipping  is  concerned,  only 
for  harbors.  The  fact  that  many  of  the  rivers  on  which  it  would  now  be  almost  impracticable  to  float  even  a 
flat-boat  have  been  once  declared  navigable  by  the  legislature  or  by  Congress,  indicates  the  change  in  flow  that 
has  taken  place,  owing  to  the  clearing  and  draining  of  the  land. 

HURON  RIVER. 

General  description.— The  Huron  river  rises  in  the  town  of  Clarkston,  Oakland  county,  Michigan,  and  runs 
southwest  into  Livingston  county,  draining  many  lakes  in  Oakland  county.  The  chief  of  these  are  White,  ITnion, 
Upper  Straits,  Lower  Straits,  Pine,  and  Spring  lakes,  averaging  i  to  1  square  mile  in  area.  In  the  southeast  part 
of  Livingston  county  it  takes  the  waters  of  four  lakes,  viz.  First  Base  lake.  Second  Base  lake,  Strawberry  lake,  and 
Portage  lake,  varying  from  1  to  2  square  miles  in  area.  Portage  lak(^  is  the  largest  and  also  the  lowest  down  the 
valley  of  all  the  lakes  drained  by  the  Huron.  It  is  3  or  4  miles  long,  and  averages  about  J  mile  in  width.  It  is  fed 
by  Portage  river,  which  itself  drains  ten  lakes  of  small  size.  From  there  the  Huron  flows  northeast,  then  southeast 
again,  and  enters  lake  Erie  just  below  the  mouth  of  the  Detroit  river.    The  total  drainage  area  is  950  square  miles. 

The  country  is  flat  or  rolling,  with  a  glacial  drift  of  clay,  sand,  and  gravel,  well  adapted  to  the  raising  of 
wheat,  which  is  the  staple,  and  gives  work  to  many  flouring-mills.  The  river  was  declared  navigable  by  Congress. 
Once  a  flat-boat  for  freighting  ran  from  Ypsilanti  30  miles  to  the  mouth,  but  its  use  was  discontinued  on  the  advent 
of  railroads.  There  was  too  little  water  for  navigation,  and  the  dams  interfered.  Boats  run  up  to  Rockwood,  4  or 
5  miles  upon  the  line  of  the  Lake  Shore  and  Michigan  Southern  railroad. 

No  lumbering  is  done,  and  the  stream  is  devoted  to  manufacturing,  for  which  it  stands  peculiar  among  the 
rivers  of  the  region.  It  has  a  fall  averaging  5  feet  per  mile,  and  this  near  its  mouth.  It  is  in  line  of  several 
railroads,  and,  owing  to  its  lakes,  the  storage  capacity  is  large  and  its  flow  more  regular  than  that  of  various  other 
rivers  of  the  country.  There  has  been  talk  for  some  years  of  throwing  a  dam  across  the  outlet  of  Portage  lake 
and  increasing  the  storage,  but  nothing  has  been  done  as  yet.  The  banks  of  the  river  are  usually  from  9  to  12 
feet  high,  and  hence  ponds  do  not  spread.  The  bed  and  banks  are  usually  hard  clay,  or  a  sort  of  conglomerate  of 
clay,  gravel,  and  stone.    There  is  no  rock  bed  except  at  Flat  Rock,  the  first  fall  above  the  mouth. 

The  course  is  extremely  winding.  The  Michigan  Central  railroad  runs  along  the  river  17  miles  from  Ypsilanti 
to  Dexter,  and  in  that  distance  crosses  it  sixteen  times.  The  bulk  of  the  manufacturing  is  done  between  Dexter 
and  Ypsilanti,  on  the  line  of  the  Michigan  Central  railroad. 

The  Michigan  Southern  railroad  crosses  at  Rockwood,  the  Chicago  and  Canada  Southern  railroad  crosses  at 
Flat  Rock,  and  the  Flint  and  P^re  Marquette  railroad  crosses  at  New  Boston.  There  is  a  road  projected  between 
Detroit  and  Adrian,  in  Lenawee  county,  which  will  cross  at  Belleville  and  open  up  a  short  stretch  of  river. 
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Character  of  the  river.— At  Ypsilanti,  the  center  of  use  of  power,  the  average  breadth  is  100  feet,  average  depth 
1^  foot,  and  the  maximum  depth  about  5  feet.  The  ordinary  low-water  flow,  calculated  from  the  estimated  horse- 
power given,  is  220  cubic  feet  per  second,  or  0.23  cubic  foot  per  second  per  square  mile  of  drainage  area.  The 
available  power  under  10  feet  head  at  ordinary  low  water  is  from  225  to  250  horse-power.  There  is  no  difficulty  from 
floating  ice.  A  mill  using  the  full  average  power  of  the  stream  can  run  full  capacity  ten  months  of  the  year,  and 
during  September  and  August  at  half  capacity.  The  river  has  no  large  tributaries  below  the  lakes,  and  hence  the 
power  for  a  given  fall  is  nearly  the  same  in  the  upper  as  in  the  lower  part. 

DESCRIPTION   OF   THE   DEVELOPED   POWER. 

Most  of  the  mills  are  between  Dexter  and  Tpsilauti,  a  distance  of  17  miles.  Above  Dexter  and  below  Portage 
lake  are  the  Hudson  and  the  Dover  mills.    Below  Ypsilanti  are  mills  at  Eawsonville,  Belleville,  etc. 

Three  methods  have  been  employed  for  building  dams:  1.  The  pile  dam,  a  common  form.  A  typical  specimen 
is  one  belonging  to  the  Ypsilanti  Paper  Company.  Piles  were  driven  6  feet  between  centers,  both  across  and 
lengthwise  of  the  stream,  till  they  covered  a  strip  50  feet  wide  running  across  the  channel.  The  ends  were  then 
cut,  so  that  taken  together  their  surface  formed  two  planes  meeting  at  the  center  line  of  the  dam,  like  a  roof.  The 
space  between  the  piles  was  filled  in  with  stone  and  the  top  planked  over.  A  plank  apron  was  built  on  the  lower 
side.  2.  The  crib-work  dam—ordinary  timber  cribs,  filled  with  sl^one  and  planked  over.  3.  The  frame  dam,  used 
at  the  Dover  mills.  A  triangular  frame  was  built  and  planked  over  and  stone  thrown  underj  a  plank  apron  built 
on  the  lower  side,  and  gravel  thrown  in  on  the  upper  side.  So  far  as  ascertained,  there  have  been  no  instances 
of  the  breaking  away  of  dams. 

Flat  Rock. — At  Flat  Eock,  7  or  8  miles  above  the  mouth  of  the  river,  is  the  first  power.  There  is  about  100 
horse-power  available. 

Hew  Boston  and  Belleville.'— At  New  Boston  and  at  Belleville  are  powers  which  are  being  developed.  There 
are  two  flouring-mills  at  Belleville.    Banks  high  and  well  adapted  to  ponding. 

Bawsonville. — At  Eawsonville  is  a  flouring-mill  with  7  feet  head.     There  is  150  to  175  horse-power  available. 

Ypsilanti. — Ypsilanti  is  the  chief  manufacturing  center  on  the  river.  There  are  three  paper-mills,  two  flouring- 
mills,  a  woolen-mill,  and  a  small  custom  saw-mill.  The  banks  are  from  9  to  12  feet  high,  and  ponds  do  not  spread. 
There  are  three  dams  with  about  one-half  to  three-fourths  of  a  mile  between  them,  and  there  is  no  fall  wasted. 
The  bed  is  hard  clay.  The  Michigan  Central  railroad  runs  up  the  valley  from  this  point,  and  freight  facilities  are 
good.  • 

The  lower  pond  has  7  feet  available  fall  and  175  available  horse-power.  Pile  dam,  190  feet  long.  Average 
breadth  of  pond,  about  150  feet;  length,  half  a  mile.     Power  utilized  by  Ypsilanti  Paper  Company's  mill. 

The  middle  pond  has"  5  feet  available  head  and  125  available  horse-power.  The  only  mill  at  the  power  is  the 
Huron  flouring-mill,  using,  on  the  average,  75  horse-power.  Pile  dam,  5  to  6  feet  high  and  100  feet  long.  Pond, 
from  150  to  200  feet  broad  and  half  a  mile  long. 

The  upper  pond  is  owned  by  the  City  flouring-mill  and  the  woolen-mill,  and  runs  them,  as  also  a  small  saw-mill 
fed  from  the  race  of  the  flouring-mill.  The  fall  at  the'dam  is  8  feet  and  the  available  power  is  225  horse-power. 
Dam,  from  120  to  130  feet  long;  area  of  pond,  35  acres,  and  depth  5  or  6  feet;  it  does  not  spread  much.  The  woolen- 
mill  uses  42  horse-power.  The  flouring-mill,  situated  on  a  race,  has  1  foot  additional  fall,  making  it  9  feet ;  it  uses 
100  horse-power.    The  saw-mill  uses,  when  running,  about  10  horse-power. 

Peninsula  Paper  Company's  mills.— The  mills  of  the  Peninsula  Paper  Company  are  situated  at  a  pond  a  short 
distance  above  Ypsilanti,  and  have  300  available  horse-power. 

Lowell— The  largest  power  on  the  river  is  at  Lowell,  and  is  used  by  the  Ypsilanti  Paper  Company.  The 
available  head  is  16  feet,  and  400  horse-power  is  available.  The  pile  dam  has  been  described ;  its  length  is  166 
feet.    The  area  of  the  pond  is  30  or  35  acres. 

Ann  Arior.— At  Ann  Arbor,  7  or  8  miles  above  Ypsilanti,  there  is  a  level  with  a  head  of  10  feet  and  250  horse- 
power available.  The  dam  is  a  pile  dam  200  feet  long;  it  is  utilized  by  the  Ypsilanti  Paper  Company's  mill.  Above 
it  is  another  level  with  the  same  head  and  power.  There  are  a  woolen-mill,  flouring-mill,  and  saw-mill  fed  from  this 
pond,  using  altogether  100  horse-power.    The  dam  is  140  feet  long. 

Foster's  Station.— At  Foster's  Station,  3  miles  from  Ann  Arbor,  there  is  a  fall  of  9  feet,  all  of  which  is  utilized 
by  a  paper-mill  taking  100  horse-power,  and  a  woolen-mill  with  58  horse-power.  The  power  is  considered  to  be  300 
horse-power  for  six  months  of  the  year. 

Delhi.— At  Delhi  there  are  2  flouring-mills,  a  woolen-mill,  and  a  saw-mill,  all  using  from  the  same  level. 
Seven  feet  head  and  140  horse-power  are  available.  Usually  all  can  run  at  once.  The  dam  is  a  crib-work  150  feet 
long. 

The  Scio  flouring-mills  are  above  Delhi,  and  have  8  feet  fall,  with  140  available  horse-power.  The  dam  is  a 
crib- ^^ork  100  feet  long.  ' 

Dexter. — Dexter  has  a  flouring-mill,  a  woolen-mill,  and  a  saw-mill,  all  run  from  the  same  level.    The  available 
head  is  5  feet.    The  dam  is  a  crib-work  75  feet  long. 
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Above  Dexter. — Above  Dexter  are  tlie  Hudson  mills,  witli  5  feet  Lead  and  75  horse-power— a  crib- work  dam 
100  feet  long— and  the  Dover  Mills,  with  7  feet  head  and  100  horse-power— a  frame  dam  100  feet  long.  The  ponds 
above  Ann  Arbor  average  from  120  to  180  feet  wide,  and  J  mile  to  2  miles  long.  There  are  no  important  powers 
above. 

UNIMPROVED   POWERS. 

There  are  few  undeveloped  powers.  Three  miles  below  Ypsilanti  is  one  of  300  horse-power,  which  has  not 
been  used,  because  the  pond  would  spread  over  valuable  farming  land,  and  also  because  the  location  is  not  near  the 
railroad.  One  mile  below  Ann  Arbor  is  a  power  with  4  or  5  feet  fall  unimproved,  giving  from  100  to  125  horse-power. 
It  is  on  the  line  of  the  railroad.  The  small  power,  compared  with  the  cost  of  improvement  and  lack  of  demand  for 
it,  is  the  apparent  reason  whj'  it  is  not  improved.  One  and  one-half  mile  above  Ann  Arbor  is  a  fall  of  10  feet 
unimproved.  .  Nearly  300  horse-power  is  wasted.  It  was  used  formerly  by  a  saw-mill,  now  burnt  down.  It  is  on 
the  line  of  railroad,  and  awaits  improvement. 

RAISIN  RIVEE. 

The  North  branch  rises  in  Jackson  county,  and  the  South  branch  in  the  northwestern  corner  of  Ohio.  They 
unite  east  of  the  center  of  Lenawee  county  and  flow  into  lake  Erie.  The  drainage  area  is  1,162  square  miles.  Near 
the  mouth  it  is  200  or  300  feet  wide,  and  would  be  thought  a  large  stream,  but  it  is,  in  ordinary  water,  only  from  6 
to  12  inches  deep,  with  a  sluggish  current.  At  Adrian  it  is  a  small  stream,  25  or  30  feet  wide,  with  a  moderate 
current,  about  1  foot  deep.    There  are  several  small  mills  on  the  river,  but  no  power  of  importance. 


SaUTHERN  DRAINAGE  AEEA  OF  LAKE  ERIE. 

GENERAL  DESCRIPTION  OF  THE  REGION. 

The  average  altitude  of  the  water-shed  above  lake  Erie  is  500  feet.  It  crosses  Ohio  from  northeast  to  southwest. 
Entering  in  Ashtabula  and  Trumbull  counties  it  runs  through  the  north  line  of  Wayne  and  Richland,  through 
Hardin,  Auglaize,  and  northern  Darke  county  into  Indiana. 

Along  the  shore  of  lake  Erie  the  water-shed  hardly  runs  back  more  than  50  miles  from  the  lake,  but  in  western 
Ohio  it  extends  nearly  half  way  down  the  state  line.  This  gives  a  longer  surface  of  drainage  in  that  section,  and 
hence  the  Maumee  is  the  largest  stream  of  northern  Ohio.  The  elevation,  however,  at  its  head,  Fort  Wayne,  is 
only  170  feet  above  the  lake  level.  The  headwaters  of  the  Cuyahoga,  in  eastern  Ohio,  are  500  feet  above  the  lake. 
The  soil  is  mostly  the  Erie  clay  (in  the  southern  part  of  the  shed  more  arenaceous),  which  was  deposited  by  a  body 
of  water  in  a  blanket  over  all  irregularities  of  surface.  This  has  been  worn  by  the  stream  into  undulating  ground, 
but  the  surface  is  everywhere  of  only  slight  variation  where  not  level.  Owing  to  the  narrowness  of  the  region  of 
drainage  the  streams  are  small,  the  chief  being  the  Maumee,  the  Sandusky,  and  the  Cuyahoga,  and  the  power  is 
not  very  considerable.  The  land  is  well  adapted  to  the  raising  of  corn  and  wheat,  which  are  the  staples,  except 
in  the  northeastern  part  of  Ohio,  where  there  is  a  section  devoted  to  cheese-  and  butter  making.  The  timber  is 
largely  oak,  some  beech  and  raaple,  and  a  few  firs.  One  peculiarity  concerning  the  water-power  is,  that  a  large 
part  of  it  is  situated  on  the  canals,  the  Miami  and  Erie  entering  the  lake  at  Toledo,  and  the  Ohio  canal  entering 
at  Cleveland.  These  canals  are  controlled  by  the  state  of  Ohio,  and  the  power  is  rented  to  the  manufacturers. 
The  universal  opinion  of  the  persons  consulted  was,  that  the  rivers  had  become  unsteady  in  flow  since  the  country 
was  cleared  and  drained;  some  rivers  that  once  were  steady  and  gave  good  power  are  now  so  flashy  that  the  mills 
have  been  abandoned  or  are  being  run  by  steam. 

MAUMEE  RIVER. 

The  Maumee  river  is  formed  at  Fort  Wayne,  Indiana,  by  the  junction  of  the  Saint  Joseph  and  the  Saint  Mary's 
rivers,  and  flows  northeast  into  lake  Erie,  at  Toledo.  The  chief  tributaries  below  the  junction  are  the  Auglaize 
and  the  Tiffin. 

The  drainage  area  in  square  miles  above  different  points  is  as  follows:  At  the  junction,  2,055;  above  Tifiin 
river,  2,412;  below  Tifiin  river,  3,135;  below  Auglaize  river,  5,670;  at  the  month,  6,723. 

The  country  is  flat,  and  the  river  has  not  worn  its  valley  very  deep.  The  soil  is  the  Erie  clay,  which  when  not 
too  heavy  is  well  adapted  to  the  raising  of  wheat  and  corn,  the  staple  crops.  Farming  is  the  occupation  of  the 
people.  There  are  many  limestone  quarries  locally  used  for  building,  and  some  brick  yards.  In  places  are  many 
artesian  weUs.  Oak  timber  covers  a  considerable  portion  of  the  land.  Oak  is  rafted  to  some  extent  from  the 
headwaters  of  the  Auglaize. 

The  Miami  and  Erie  canal  runs  up  the  valley  to  Defiance,  and  then  turns  south.  It  is  carried  in  the  river  by 
slack-water  navigation  from  Providence  to  Defiance,  a  distance  of  about  30  miles.     The  river  is  practiq^illy  taken 
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up  by  the  canal,  and  hence  no  power  is  used  to  any  extent  from  it,  but  there  is  a  large  amount  taken  from  the 
canal  itself.  South  Toledo  is  the  head  of  natural  navigation  18  miles  from  the  mouth.  Here  begin  the  rapids, 
which  continue  about  1  mile.  There  are  also  rapids  at  Waterville  and  Otsego.  All  these  are  of  no  value,  because, 
except  when  the  water  is  high,  there  is  no  regularity  in  the  flow,  owing  to  the  canal  taking  it. 

The  river  is  600  feet  wide  at  South  Toledo  and  from  1  to  6  or  7  feet  deep.  It  is  subject  to  high  freshets — 
the  Saint  Joseph  rose  23  feet  above  low  water  at  Port  Wayne  on  March  28,  1868 — and  after  hard  winters  there  is 
too  much  floating  ice. 

While  the  river  is  spoiled  for  milling  purposes  by  the  canal,  yet  the  manufacturers  gain  in  having  their  power 
from  the  canal  much  more  securely  than  they  could  get  it  direct  from  the  river.  There  are  only  two  powers  used 
from  the  river  direct.  One  at  Perrysburg,  opposite  South  Toledo,  takes  its  water  by  a  race  5  miles  long  from  a 
small  dam  just  below  the  canal  dam  at  Providence,  and  gets  what  water  flows  over  the  canal  dam.  It  is  a  very 
unsteady  power,  and  steam  is  also  used.  The  other  is  opposite  Providence,  and  is  fed  by  a  race  1^  mile  long  from 
the  canal  pond.  Prom  Providence  to  Defiance  the  fall  is  all  taken  up  by  the  slack-water  for  navigation.  Prom 
Defiance  to  Port  Wayne  there  is  some  fall,  but  not  utilized. 

The  bed  of  the  river  is  rock,  np  to  Defiance  at  least,  with  clay  and  gravel  banks.  At  Port  Wayne  the  bed 
partakes  more  of  a  gravelly  and  clayey  nature,  for  the  river  has  not  eroded  to  the  rock  at  its  upper  part. 

Twenty-four  miles  above  Defiance  are  the  Bull  rapids,  where  there  is  a  fall  of  14  feet.  There  is  a  rock  bed,  and 
banks  high  enough  to  confine  the  pond.  This  is  not  utilized,  but  backwater  during  floods  is  a  serious  objection  to 
using  the  power  on  the  upper  part  of  the  river.  The  flow  of  the  Maumee  at  Port  Wayne  during  ordinary  low  water 
was  estimated  by  an  engineer  at  116.6  cubic  feet  per  second,  which  is  0.57  cubic  foot  per  second  per  square  mile. 

TEIBUTAKIES  OP  THE  MAUMEE  EIVER. 
SAINT  JOSEPH  EIVER. 

The  Saint  Joseph  river  rises  in  Michigan  and  flows  southwest  into  Indiana,  uniting  at  Port  Wayne  with  the 
Saint  Mary's  to  form  the  Maumee.    The  drainage  area  is  1,292  square  miles. 

These  rivers  change  their  course  through  an  angle  of  about  150  degrees  at  Port  Wayne.  This  may  be  due  to 
the  fact  that  these  rivers  once  emptied  into  the  outlet  of  the  lake  which  flowed  down  the  Wabash  valley,  and  have 
their  directions  changed  by  the  subsidence  of  the  lake  level,  and  the  wearing  of  their  beds  below  the  level  of  the 
headwaters  of  the  Little  river,  which  occupies  the  old  channel.  The  river  gives  in  ordinary  low  water  67  cubic  feet 
per  second ;  fifty  years  ago  it  was  estimated  to  give  83  cubic  feet  per  second. 

There  is  considerable  fall  in  the  river — 3  feet  per  mile  near  the  mouth — and  the  census  returns  show  a  total 
of  twenty-four  grist-  and  saw-mills,  using  925  horse-power.  The  highest  head  is  26  feet.  By  throwing  dams  across 
the  Saint  Mary's  and  Saint  Joseph,  and  bringing  the  water  to  Port  Wayne  in  canals,  a  flow  of  117  cubic  feet  per 
second  can  be  obtained  with  17^  feet  available  fall,  giving  232  theoretical  horse-power.     The  project  is  feasible. 

SAINT  MAEY'S  river. 

The  Saint  Mary's  river  has  763  square  miles  of  drainage  area.  The  ordinary  low  flow  is  estimated  to  be  33 
cubic  feet"per  second.    There  is  power  at  the  mouth  which  can  be  utilized  at  Port  Wayne,  as  just  mentioned. 

The  ordinary  low-water  flow  has  been  much  increased  by  taking  the  overflow  of  the  15,000-acre  canal  reservoir 
in  Mercer  and  Auglaize  counties.  There  are  only  three  mills  on  the  Saint  Mary's,  and  these  use  a  total  of  210 
horse-power.    The  bed  and  banks  are  generally  clay  and  gravel. 

AUGLAIZE   river. 

The  Auglaize  river  enters  from  the  south  at  Defiance.  It  divides  into  two  large  branches  at  Pranconia — one 
from  the  east  and  the  other  from  the  south.  The  drainage  area  is  2,541  square  miles.  It  is  300  feet  wide  and  1| 
foot  deep  during  low  water  near  the  mouth.  The  average  grade  for  5  miles  above  Defiance  is  6  feet  per  mile.  By 
building  a  dam  2  miles  above  Defiance  and  running  the  water  along  the  bank  in  a  canal  there  could  be  obtained  in 
Defiance  a  fall  of  30  feet.  Mills  could  be  stationed  along  the  side  of  the  canal  on  the  river-bank.  For  about  $10,000, 
it  is  said,  a  fine  power  could  be  obtained. 

The  grade  to  Delphos,  50  miles,  averages  nearly  6  feet  per  mile.  Ten  miles  above  Defiance  is  a  fall  which 
might  be  utilized.  The  bed  and  banks  are  generally  clay  and  gravel.  The  river  is  subject  to  high  freshets.  There 
are  only  three  mills  on  the  river,  using  82  horse-power,  but  a  dam  could  be  thrown  across  nearly  every  3  miles  without 
interfering.    The  chief  difiSculty  is  backwater  during  freshets. 

tiffin  rivee. 

The  Tiffin  river  rises  ia  Michigan,  and  after  draining  723  square  miles  enters  the  Maumee  2  or  3  miles  above 
the  Auglaize  river.    There  is  a  total  of  16  grist-  and  saw-mills  on  the  river,  using  590  horse-power,  but  none  are 
very  important.    A  survey  has  shown  it  practicable  to  cut  a  canal  from  Brunersburg  down  into  Sulphur  Hollow, 
at  Defiance,  and  obtain  a  large  head  .there. 
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MIAMI  AND  ERIE  CANAL. 

Practically  all  the  utilized  water-power  of  the  Maumee  valley  up  to  Dehauce  is  on  the  canal.  It  was  formerly 
called  the  Wabash  and  Erie.  It  is  practically  discontinued  west  from  Defiance,  but  runs  south"  from  there  to 
Cincinnati.  At  Providence  a  dam  gives  slack-water  in  the  Maumee  to  Independence,  and  another  dam  there 
continues  it  to  Defiance.    The  Providence  dam  was  built  in  1872. 

The  old  dam  leaked  badly  and  was  dangerous.  The  bed  is  rock.  Ten  feet  below  the  old  dam  a  crib  of  timber 
10  feet  wide  filled  with  stone  was  placed  across  the  stream.  The  space  between  was  filled  with  gravel,  and  the 
whole  was  planked  over.    The  dam  is  built  on  both  sides  of  an  island,  and  averages  from  6  to  8  feet  high. 

UTILIZED   POWEES   OF   THE   OANAL. 

The  total  power  in  use  on  the  canal  within  the  water-shed  is  about  2,000  horse-power.  The  millers  complain 
that  the  feeding  of  the  canal  is  not  regular,  and  as  they  get  only  the  surplus  from  what  is  needed  for  locking,  they 
are  sometimes  short  for  water.    The  average  surplus  is  about  45  cubic  feet  per  second  at  Toledo. 

Toledo. — At  Toledo  are  the  Pilloid  flouring-mills,  which  use  12  feet  fall  and  pay  $800  per  year,  and  the- Amada 
mills,  which  have  24  feet  fall  and  average  120  horse-power. 

South  Toledo. — At  South  Toledo  are  three  paper-mills,  two  flour-  and  grist-mills,  a  woolen-mill,  a  cotton  factory, 
and  a  foundery.  Four  of  the  powers  are  taken  direct  from  the  canal,  and  four  from  the  tail-races  or  head-races  of 
the  others.  The  heads  used  are  31,  11, 16J,  16J,  16J,  24j  16J,  and  16|  feet,  respectively.  The  total  power  used  is 
about  520  horse-power. 

Waterville. — At  Waterville  are  a  grist-  and  a  saw-mill,  using  60  and  25  horse-power,  under  17  and  16  feet  head 
of  water,  respectively. 

Providence. — At  Providence  is  a  flour-  and  grist-mill  using'20  horsepower.  The  head  is  9  feet,  and  100  horse- 
power is  available. 

Texas. — There  is  a  mill  at  Texas  using  15  horse-power  under  17  feet  head.    The  available  head  is  21  feet. 

Damascus. — At  Damascus  is  an  available  power  of  21  feet,  of  which  a  saw-mill  uses  18  feet  and  18  horse-power. 

Napoleon. — At  Napoleon  are  two  flouring-mills,  a  woolen-mill,  a  planing-miU,  and  a  saw-mill.  The  heads  used 
are  22, 18,  20, 16,  and  20  feet,  respectively,  and  the  total  power  is  214  horse-power. 

Florida.— Thcve  is  one  grist-mill  atPlorida  using  about  30  horse-power. 

Defiance. — At  Defiance  are  two  flour-  and  grist-mills,  a  woolen-mill,  a  planing-miU,  and  machine-works.  The 
heads  used  are  llj,  14,  17,  16,  and  7  feet,  respectively,  and  the  total  power  used  is  about  214  horse-power. 

Junction. — At  Junction  is  a  grist-mill,  with  21  feet  head  and  12  horse-power. 

Prom  Junction  west  to  Port  Way^e  there  is  no  power  used  on  the  canal,  and  the  only  use  made  of  it  is  for  local 
traffic.    It  is  much  run  down.     In  Indiana  the  canal  was  sold  to  a  piivRte  company  and  is  going  to  ruin. 

Fort  Wayne. — At  Port  Wayne  there  are  two  flour-  and  grist-mills  and  a  woolen-mill.  The  heads  are  16, 16,  and 
17  feet,  respectively,  and  the  total  power  now  used  is  170  horse-power.  One  of  the  flouring-mills  does  not  use  the 
power,  because  of  litigation.  On  the  branch  of  the  canal  runniiis'  south  from  Defiance  there  is,  according  to  the 
census  returns,  about  670  horse-power  used  north  of  the  water-shed  line,  by  twenty  establishments,  chiefly  flour- 
and  grist-mills. 

PORTAGE  RIVER. 

The  Portage  river  drains  695  square  miles,  and  flows  northeast  into  lake  Erie  just  north  of  Sandusky  bay.  The 
region  drained  by  it  is  the  eastern  end  of  what  was  known  in  the  early*  years  of  the  state  as  the  Black  swamp,  a 
strip  extending  through  the  northwestern  end  of  Ohio  and  into  Indiana.  Formerly  there  were  several  mills  on  the 
river,  but  since  the  draining  of  the  land  the  river  wastes  to  almost  nothing  during  a  dry  season,  and  all  these  mills 
are  discontinued.  The  upper  branches  of  the  river  have  been  deepened  and  turned  into  a  series  of  ditches  by  the 
■county  authorities,  also  the  waters  of  Hancock  and  Putnam  counties  have  been  diked  off  and  turned  into  the- 
Maumee  to  make  the  land  suitable  for  farming. 

SANDUSKY  RIVER. 

There  is  slack-water  to  Fremont,  the  head  of  Sandusky  bay.  Above  Fremont  the  fall  is  75  feet  up  to  TifBn,  4 
feet  per  mile.  It  is  on  this  stretch  of  18  miles  that  nearly  all  the  mills  are  situated,  the  fall  not  being  so  much 
above  Tififln.  There  are  no  lakes,  but  several  creeks  tend  to  kee])  up  the  flow.  Several  enter  just  above  Fort  Seneca, 
and  make  the  river  especially  steady  at  that  point. 

The  stream  presents  the  average  features  as  regards  freshets,  being  perhaps  rather  flashy.  It  has  gone  down 
to  10  horse-power  under  8  feet  head,  and  up  to  1,000  horse-power  under  the  same  head.  The  average  power  of 
ordinary  low  water  under  9  feet  head  is  43  horse-power.     The  area  drained  is  1,457  square  miles. 

At  Tifiiu,  below  the  railroad  bridge,  the  bed  is  very  rocky  and  there  is  considerable  fall.  The  channel  here  is 
about  200  feet  wide,  and  when  visited  the  stream  was  low  and  flowed  in  several  small  channels  between  the  rocks. 
The  banks  are  high  at  Tifhn  and  restrain  the  ponds  to  the  river-bed.  There  is  no  unimproved  fall  between  Fremont 
and  Tiffin,  one  level  backing  up  nearly  to  the  foot  of  the  other.    The  bed  of  the  river  is  mostly  rock. 
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Utilized  power. — From  the  lowest  power  at  Fremont  the  utilized  powers  are  as  follows,  in  ascending  order : 
At  Fremont  is  a  ilour-  and  grist-mill,  with  6J  feet  head  and  about  40  horse-power.  Above  is  a  power  of  15  feet 
head  and  70  horse-power,  running  a  tannery,  a  woolen  factory,  and  a  flour-  and  grist-mill.  Next  a  flour-  and  grist- 
mill with  17  feet  head  and  40  horse-power  used.  A  saw-mill  with  8  feet  head  and  40  horse-power.  Kear  Fort 
Seneca  a  power  with  9  feet  fall  and  60  horse-power,  running  a  flour-  and  grist-mill  and  a  saw-mill.  Above  this  is  a 
saw-mill  with  14  feet  and  about  80  horse  power.  Then  a  power  of  24  feet  head,  150  available  horse-power,  of  which 
half  is  used  by  a  flour-  and  grist-mill  and  a  saw-mill.  Then  a  flour-  and  grist-mill,  using  about  50  horse-power  under 
14  feet  head.    K"ext  a  flour-  and  grist-mill,  using  50  horse-power  under  7  feet  head. 

At  TifSn  there  is  a  power  with  7  feet  head  available,  and  all  is  used ;  40  horse-power  is  available  ou  the 
average,  and  runs  a  grist-mill  and  a  saw-mill  which  can  run  full  capacity  eight  months  of  the  year. 

The  dam  is  built  of  logs  and  frame,  and  is  situated  just  at  the  rocky  ledge  already  mentioned.  The  banks  are 
high,  and  the  pond  is  200  feet  wide  by  IJ  mile  long. 

The  Tiffin  water-works  are  situated  in  the  town,  and  pump  water  from  the  river. 

The  fall  is  10  feet,  and  about  60  horse-power  is  available.  There  is  liability  of  an  insufficiency  of  water  to  do 
the  pumping,  and  steam  is  used  to  aid.    A  grist-mill  on  the  same  pond  runs  when  there  is  surplus  water. 

The  next  power  has  7  feet  head.  The  pond  backs  up  7  miles,  and  in  one  place  spreads  to  some  extent.  When 
the  gates  are  shut  for  three  or  four  days  the  supply  below  is  small.  There  are  a  flour-  and  grist-mill  and  a  saw-mill, 
using  about  35  horse-power  during  low  water.  There  is  only  one  mill  above  this  and  below  Upper  Sandusky.  It 
is  a  grist-mill,  with  5  feet  fall  and  20  or  25  horse-power.  There  are  no  mills  of  any  importance  at  or  above  Upper 
Sandusky. 

From  the  Sandusky  river  east  to  the  Cuyahoga  there  are  several  rivers,  as  the  Huron,  Vermilion,  Black,  and 
Eocky  rivers,  which  are  small,  draining  300  or  400  square  miles,  and  which  run  a  few  small  mills  doing  custom 
work,  and  are  not  specially  important. 

CUYAHOGA  EIVEH. 

General  description.— This  is  the  largest  river  of  northern  Ohio  east  of  the  Maumee.  The  valley  is  the  result 
of  erosion,  as  with  all  the  streams  of  the  region,  but  here  the  action  has  been  enough  to  leave  hills  200  feet  or  more 
in  height,  which  at  places  give  an  element  of  wildness  to  the  quiet  beauty  of  Ohio  scenery.  The  river  rises  in 
Chardon,  Geauga  county,  20  miles  from  the  mouth  at  Cleveland,  and,  yet  it  flows  75  miles,  and,  if  all  the  windings 
were  measured,  at  least  100  miles,  well  deserving  the  Indian  name,  Cuyahoga— "Crooked  river". 

The  course  is  south-southwest  to  within  2  miles  of  Akron,  and  then  it  sweeps  sharp  around  and  flows  northwest 
to  lake  Erie;  it  is  extremely  winding.  In  one  place  a  straight  line  5  miles  long  would  touch  two  points  on  the 
river  12  miles  apart  by  the  channel.  Above  Hiram  rapids  a  ledge  of  rock  stretches  across  the  stream  and  backs 
the  water  into  Chardon  township,  making  it  a  great  underground  reservoir  with  many  lakes  and  swamps.  These 
and  the  springs  maintain  a  somewhat  steady  flow.  In  Portage  county  are  at  least  nine  lakes,  and  many  are  in 
Geauga  county.  The  river  is  larger  in  its  upper  part  than  near  its  mouth,  because  fed  into  the  Ohio  canal.  At 
Peninsula  it  averages  130  feet  wide  and  at  Cuyahoga  Falls  70  feet  wide,  but  near  the  mouth  it  is  in  many  places 
not  more  than  20  feet  wide  and  1  foot  deep.  The  flow  at  Cuyahoga  Falls  is  about  67  cubic  feet  per  second  during 
ordinary  low  water.    The  rise  due  to  freshets  is  8  feet  at  Peninsula  and  5  feet  at  Cuyahoga  Palls. 

There  is  no  special  liability  to  ice-gorges  except  at  the  mouth,  where  there  is  slight  danger  of  flooding  the 
Cleveland  flats  and  doing  great  damage,  as  in  1860,  when  the  flats  were  covered  with  4  feet  depth  of  water.  The 
river  was  declared  navigable  by  the  government,  but  is  used  now  only  for  water-power  and  for  feeding  the  canal. 
The  valley  is  cut  through  the  Carboniferous  conglomerate,  Waverly  shales,  and  Erie  shales. 

At  the  bend  at  Akron  the  basin  is  very  large.  The  falls  were  once  in  Cuyahoga  county,  and  have  since  worn 
their  way  back  to  their  present  position  above  Akron.  The  plane  at  Cu;^ahoga  Falls  is  about  on  the  level  of  the 
hill-crests  about  Akron.  The  valley  consists  largely  of  a  series  of  basins,  the  hills  separating  and  again  approaching 
the  stream.  The  bottom-lands  are  good,  but  much  cut  up.  The  staple  on  them  is  corn.  Back  from  the  river  wheat 
is  raised.    On  the  hills  is  oak,  a  little  beech  and  maple,  and  some  fir. 

Abstract  of  levels. — Fall  from  Hiram  rapids  (head  of  power)  to  lake-level  is  approximately  525  feet,  455  feet 
between  the  lake  and  the  upper  pond  at  Cuyahoga  Palls  and  70  feet  above.  Nearly  194  feet  of  the  455  is  compressed 
within '2  miles  at  Cuyahoga  Falls;  hence  the  foot  of  the  falls  is  261  feet  above  the  lake.  The  total  fall  utilized 
by  manufactories  is  about  150  feet.  There  are  43  feet  total  of  old  abandoned  power,  and  about  8  feet  used  by  the 
canal. 

The  unimproved  fall  is  about  360  feet.  Of  this,  part  is  poorly  located  and  part  is  awaiting  capital;  120  feet  is 
at  Cuyahoga  Falls. 

DESOEIPTION  OF   THE  "WATER-POWERS. 

For  3  miles  the  river  is  dredged  to  admit  of  navigation,  and  is  100  to  200  feet  wide.  The  Ohio  canal  is  then 
locked  into  it.  Above,  the  immediate  banks  are  from  4  to  6  feet  high,  clay,  and  vertical,  with  overhanging  sods 
in  many  places,  showing  that  the  river  is  eroding  them.    The  bed  is  mud  or  gravel  and  stones.    A  little  below 

Brocksville  is  Packsaddle  narrows,  where  the  valley  is  very  narrow  and  there  is  considerable  fall. 
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Broclsville. — At  Brocksvillo  is  a  pond  feeding  the  canal,  with  a  head  of  4  feet.  There  are  no  mills.  The  bed 
is  flat  ledge-rock. 

Boston. — At  Boston  is  the  iirst  dam  built  below  Cuyahoga  Falls.  It  was  erected  in  1821.  A  log  dam  now 
replaces  the  old  one.  It  is  a  spur  dam  with  eight  tiers  of  logs.  There  is  a  flour-  and  grist-mill  on  the  east  bank  of 
the  river,  and  a  saw-mill  is  also  run  by  the  same  power.  The  bed  is  rock,  and  the  earth-banks  are  7  or  8  feet  high. 
The  dam  is  about  150  feet  long,  and  the  pond  backs  half  a  mile  up  stream.  Its  level  is  90  feet  above  the  lake. 
Below  Boston  the  bed  is  largely  made  up  of  gravelly  earth,  and  this,  together  with  the  small  volume  of  flow  below 
the  canal  dam,  makes  the  powers  inferior. 

Peninsula. — The  town  of  Peninsula  takes  its  name  from  the  necks  formed  by  the  bends  of  the  river.  At  the  upper 
and  principal  one  the  river  swept  around  almost  in  a  circle  one-third  of  a  mile  in  diameter,  embracing  a  fliit  of 
about  20  acres.  This  bend  has  been  cut  off  by  the  railroad.  The  channel  retui-ned  to  within  16  feet  of  itself,  and  an 
old  resident  said  he  had  seen  the  two  currents  rushing  in  opposite  directions  in  liigh  water,  and  separated  only  by  a 
narrow  strip  of  land  2  or  3  feet  wide.  The  neck  rose  10  feet  above  the  water,  and  the  difference  in  the  level  on  the 
two  sides  was  6  feet.  When  the  Valley  railroad  was  built,  in  order  to  avoid  erecting  two  bridges  within  less  ttian 
half  a  mUe  distance,  the  neck  was  cut  down  and  the  river  turned  abruptly  to  the  west,  thus  leaving  the  channel 
■dry.  Previously  to  this  the  Peninsula  flouring- miUs,  situated  right  at  the  neck,  had  merely  thrown  a  line  of  logs 
across  the  channel,  raising  the  level  1  foot,  and  thus  obtained  7  feet  head.  The  head-race  is  tunneled  through  the 
blue  shale.  When  the  neck  was  cut  the  head  of  7  feet  was  maintained  by  inerely  sinking  two  sill-pieces  into  the 
bed  of  the  river  and  covering  them  with  planking.  The  canal  crosses  the  river  below  the  mill  by  a  bridge,  and  is 
locked  down  by  a  lock  of  10  feet  lift  to  the  flat.  Then  it  bends  to  the  west  and  follows  the  river  around  the  hill, 
which  is  part  of  the  "second  peninsula".  Part  way  around  this  hill  the  canal  is  fed  from  the  river  by  a  dam  with 
4  feet  rise.  Above  the  "neck"  is  the  upper  dam  of  Peninsula.  There  are  two  saw-mills  and  a  planing-mill  using- 
the  power,  which  has  8  feet  head. 

The  total  fall  utilized  for  power  at  Peninsula  is  15  feet.  There  is  sufficient  power  for  the  requirements  except 
on  Mondays.  The  reason  of  this  is  that  the  mills  at  Cuyahoga  Falls  and  above  shut  down  on  Saturdays.  There  is 
considerable  unimproved  power,  especially  below  the  neck,  where  the  river  falls  rapidly,  and  none  of  this  power  is 
utilized.  Just  above  the  railroad  bridge  at  the  "third  peninsula"  there  is  at  least  (J  feet  fall  available.  Atone 
time  the  water  was  taken  across  the  peninsula  by  means  of  a  race  to  a  grist-mill  at  Buttermilk  falls,  but  this  is 
disused.  The  upper  pond  at  Peninsula  is  40  feet  above  the  Boston  pond  and  130  feet  above  the  lake-level.  The 
bed  is  firm  and  rocky  to  half  a  mile  above  Peninsula,  but  above  that  to  Cuyahoga  Falls  the  bed  is  poor  for  dams, 
and  there  are  no  mills  on  the  stream  until  the  latter  place  is  reached,  although  there  is  considerable  fall. 

The  Valley  Forge  property. — The  rise  from  the  ujjper  pond  at  Peninsula  to  the  foot  of  the  Valley  Forge  property 
is  67  feet,  and  there  is  25  feet  fall  now  lying  idle.  In  early  days  iron  ore  was  reduced  at  the  place.  The  situation 
is  good  for  dams,  and  a  pond  is  practicable.  The  Little  Cuyahoga,  entering  at  Akron,  is  the  chief  tributary,  but  is 
of  little  importance  for  water-power. 

CUYAHOGA  PALLS. 

Cuyahoga  falls  are  situated  in  Summit  county,  just  above  where  the  river  takes  its  bend  to  the  northwest. 
The  drainage  area  above  the  village  is  328  square  miles.  In  about  2  miles  the  river  falls  194  feet  in  a  succession 
of  rapids  and  cascades.  At  the  upper  part  the  river  flows  at  the  level  of  the  slightly  rolling  country,  and  from 
there  it  has  cut  its  way  down  through  the  sandstone  and  shale  of  the  Coal  Measures,  through  the  conglomerate, 
and  into  the  Cuyahoga  shale  of  the  Waverly.  At  one  time  the  falls  were  at  the  north  line  of  the  county,  and 
probably  had  a  vertical  fall  of  200  feet. 

The  village  of  Cuyahoga  Falls  is  at  the  upper  end  of  the  glen.  The  Cleveland,  Zanesville,  and  Cincinnati 
railroad  passes  along  the  east  bank  close  to  the  cliffs,  which,  at  the  High  bridge,  rise  100  feet.  In  the  village  are 
five  dams,  supplying  some  ten  or  twelve  mills,  machine-shops,  chain-worlds,  etc.,  with  power.  These  live  levels  take 
74  feet  of  the  fall,  leaving  120  feet  of  unimproved  fall  below  them.  Between  the  levels  there  is  no  unimproved  fall 
of  any  consequence. 

The  MillbanJc  property. — Ascending  the  stream,  the  first  power  met  above  Valley  Forge  is  included  in  the 
Millbank  property,  belonging  to  Mr.  Millbank,  a  capitalist  of  'S&w  York  city.  This  includes  1.}  mile  below  the 
Hinds  dam,  and  embraces  the  wild  and  beautiful  scenery  of  the  falls.  At  Big  falls,  25  feet  high,  the  water  tumbles 
over  a  succession  of  sandstone  strata  underlaid  by  soft  shale.  Above  Big  falls  the  river  is  placid  for  some  distance, 
and  makes  a  graceful  sweep  around  to  the  northeast,  with  a  heavily  wooded  flat  in  the  bend  of  5  or  S  acres  area. 
Above  the  bend  the  slope  increases  rapidly,  the  banks  approach  each  other,  and  huge  bowlders  and  masses  of  rock 
obstruct  the  flow.  This  reaches  the  climax  at  a  placecalled  "the  gor.ge",  where  the  passage  is  so  narrowed  that  the 
river  is  literally  forced  up  on  edge  and  foams  between  the  huge  rocks  with  great  force.  Above  this  point  the 
channel  widens  somewhat  and  the  current  is  less  impetuous,  although  still  very  rapid.  From  there  up  to  High 
bridge  the  banks,  which  have  been  very  steep  and  rocky,  rise  in  bold  cliffs,  especially  on  the  east  side,  some  100 
feet  in  height.  The  rock  is  the  new  red  sandstone,  which  would  yield  a  fair  quality  of  building-stone.  It  is  coarser 
and  a  lighter  brown  than  the  Connecticut  brownstone.  The  cliffs  show,  also,  a  section  of  the  Carboniferous 
conglomerate.    A  pleasure-resort  company  has  taken  possession  of  the  glen. 
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From  the  overliangiug  eastern  cliffs  100  feet  above,  springs  of  clear  sparkling  water  trickle  over  in  drops  whicb 
fall  like  the  first  .drops  of  a  shower  into  the  still,  dark  basin  below;  lighted  by  the  afternoon  sun  they  glisten  like 
diamonds.  Standing  on  the  hill  opposite  the  bend  of  the  river,  a  beautiful  view  is  obtained  down  the  valley  of  the 
hills  wooded  from  the  top  to  where  they  meet  the  river,  while  up  the  river  is  the  glen,  and  the  opposite  bank 
is  darkened  by  the  heavy  hemlock  foliage. 

From  the  foot  of  the  Millbank  property  to  Big  falls  is  40  feet  rise,  at  Big  falls  25  feet,  and  from  tbiere  to  the 
bend  there  is  a  rise  of  10  feet.  By  building  a  dam  10  feet  high  at  Big  falls  there  would  be  35  feet  head  available,  and 
265  horse-power  during  ordinary  low  water.  The  power  could  be  transmitted  by  wire  rope  to  near  the  railroad,  or 
utilized  on  the  spot  if  the  proposed  wagon-road  is  built.  The  dam  would  be  not  over  150  feet  long,  and  the  pond 
would  overflow  slightly  if  at  all.  From  the  bend  through  the  gorge  the  rise  is  24  feet,  and  to  the  foot  of  Hinds' 
dam  it  is  20  feet  more.  A  short  distance  above  the  bend  a  dam  could  readily  be  constructed,  but  the  best jjlace  is 
directly  in  the  gorge,  where  the  position  of  the  rocks  is  such  as  to  make  excelleut  abutments  for  the  dam,  and  the 
power  conlh.  be  transmitted  along  and  up  the  banks  by  wire  rope.  The  dam  would  be  not  over  50  feet  long,  and 
all  the  fall  up  to  the  Hinds  level  could  be  utilized.  If  the  Millbank  property  were  fully  developed  there  would  be 
980  horse-power  available  with  ordinary  low  water. 

The  bed  of  the  stream  is  rocky  and  firm  and  the  banks  are  good,  as  just  described,  and  ponds  would  noii spread. 
Eight  at  hand  is  an  unlimited  supply  of  good  building-stone.  The  one  disadvantage  is  the  inconvenience  of  access 
in  some  places,  but  even  this  can  be  readily  overcome.  There  seems  to  be  no  reason  why  the  development  of  the 
power  should  not  be  attended  with  success.  Mr.  Millbank  is  a  wealthy  man  who  has  felt  no  necessity  of  using  the 
resources  of  the  place,  and  for  this  reason,  apparently,  the  power  has  remained  idle. 

In  the  year  1835  a  company  called  the  Portage  Canal  and  Manufacturing  Company  bought  a  tract  of  land  in 
the  vicinity  of  Akron  with  the  intention  of  building  up  a  city,  but  seemingly  with  the  more  immediate  intention  of 
selling  lots.  As  an  accessory  to  the  scheme  the  company  bought  what  is  now  the  Millbank  i)roperty,  intending  lo 
run  the  water  off  by  a  race  6  miles  long  to  their  city,  and  utilize  it  therefor  manufacturing  purposes  with  about  180 
feet  head.  It  is  now  thought  that  the  object  was  to  make  a  sensation  in  the  midst  of  which  to  sell  the  lots ;  certain  it 
is  that  the  race  as  constructed  was  ridiculously  small  for  the  purpose.  Where  examined  near  the  head,  it  could 
not  have  been  over  15  feet  wide,  and  probably  averaged  less.  The  dam  was  built  a  short  distance  below  the  Hinds 
dam,  and  the  race  ran  along  the  east  bank  in  the  shale  underlying  the  conglomerate.  This  shale  slacks  on  exposure 
and  will  not  hold  water.  The  race  as  well  as  the  city  was  a  total  failure,  and  the  ruined  embankment  now  forms 
a  convenient  promenade  for  pleasure-seekers. 

The  Hinds  level. — The  Hinds  dam  is  situated  immediately  above  the  Millbank  property,  and  from  this  point 
up  all  the  fall  is  utilized.  The  dam  is  a  frame  100  feet  long,  built  of  triangular  sets.  From  it  a  flume  runs  down 
the  west  bank,  300  feet  long  and  6  by  6  feet  in  section,  built  of  2-inch  pine  plank.  At  its  foot  is  a  35-inch  turbine, 
whose  shaft  extends  80  feet  up  the  Cliff' in  a  vertical  "husk"  to  the  flour-mill.  The  head  is  14  feet,  and  100  horse- 
power is  available. 

Levels  above  Hinds'  dam. — Above  Hinds'  dam  are  four  levels,  with  the  following  heads,  in  order :  16J  feet,  18 
feet,  10  feet,  and  15  feet.  At  these  levels  there  are  twelve  establishments  using  575  horse-power  total,  according 
to  the  census  returns.  They  consist  of  one  flour-mill,  two  paper-mills,  a  wire-works,  a  sewer-pipe  manufactory,  a 
bolt-  and  nut-works,  foundery,  and  machine-shops.  Practically,  all  the  availat)le  power  is  taken  up,  as,  with  the 
estimated  ordinary  low  flow  of  67  cubic  feet  per  second,  the  total  power  is  about  450  theoretical  horse-power.  The 
dams  are  like  the  Hinds  dam,  except  the  upper  one,  which  is  of  peculiar  construction.  It  is  built  of  hewed  timber 
12  inches  square,  laid  close  in  two  concentric  arcs,  and.  keyed  together  with  cross-pieces  of  scantling  2  feet  long. 
Above  this  dam  there  is  a  stone  filling. 

Munroe  falls. — Munroe  falls,  2  miles  up  stream,  is  the  first  available  power  above  Cuyahoga  Falls.  There  is  10 
feet  head  utilized  by  a  paper-mill,  which  claims  115  horse-power.    The  dam  is  an  arched  timber  dam  100  feet  long. 

Kent. — At  Kent  is  the  next  available  power,  and  it  has  20  feet  head.  The  dam  is  a  nearly  semicircular  arch 
of  stone  2J  feet  thick,  and  filled  in  with  stone  above.  The  chord  is  75  feet.  The  bed  and  banks  are  rocky  and  the 
banks  high,  so  that  the  pond  near  the  dam  is  scarcely  40  feet  wide ;  it  runs  back  5  miles.  There  is  a  race  on  each 
bank.  On  the  right  bank  is  the  Kent  alpaca  mill,  using  an  overshot  wheel  of  17  feet  diameter  and  19  feet  face, 
capable  of  50  horse-power.  On  tho  opposite  bank  is  a  flouring-mill,  claiming  in  the  census  returns  100  horse-power 
under  21  feet  head. 

The  river  above  Kent. — Above  Kent  tliere  are  four  places  at  which  power  is  used.  At  Sheflield  there  is  a  grist- 
mill using  25  horse-power,  and  a  stone-  and  earthen-ware  establishment  using  8  horse-power.  At  Mantua  is  a 
grist-mill  using  25  horse-power.  At  Hiram  rapids  there  is  an  available  fall  of  10  feet.  Above  the  rapids  are  two 
grist-mills  using  12  and  30  horse-power  under'13  and  14  feet  head,  respectively. 

THE  OHIO  CANAL  FROM  CLEVELAND  TO  THE  SUMMIT. 

This  canal  runs  from  lake  Erie  to  the  Ohio  at  the  mouth  of  the  Scioto  river.  It  is  in  a  better  condition  than  the 
Miami  and  Erie  canal.  The  first  feeding-place  above  Cleveland  is  at  Seventeen-Mile  lock,  17  miles  from  Cleveland. 
There  are  three  establishments  using  power  between  Cleveland  and  Peninsula — the  Austin  Powder  Company, 
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3J  miles  up,  a  flour-mill  14  miles  above  Cleveland,  ami  a  second  flour-mill  19  miles  above  Cleveland.  At  Akron 
tliere  are  five  powers  used  from  tile  canal  by  a  flouring-mill,  a  paper-mill,  a  planing-mill,  pump- works,  and  rubber- 
works.  Beyond  the  summit  level  in  the  Ohio  basin  there  are  several  mills.  The  branch  running  east  past  Cuyahoga 
Palls  was  bought  by  the  railroad  and  closed  up. 

THE  HYDRAULIC  CANAL  OP  AKRON. 

Akron  is  an  extensive  manufacturing  center,  and  most  of  the  power  used  is  steam-power;  the  State  canal  and 
tills  hydraulic  canal  represent  the  water-power  of  the  city. 

The  Hydraulic  Canal  Company  was  organized  in  1839,  consisting  of  the  owners  of  the  five  mills  now  using  the 
power,  viz,  the  Cascade,  Etna,  City,  Allen,  and  Stone  mills.  The  power  is  obtained  by  tapping  Springfield  and 
Pritchc's  lakes,  each  about  1  mile  long  by  half  a  mile  wide,  and  carrying  the  water  to  the  city  by  a  canal.  Part  of 
the  distance  the  channel  of  the  Little  Cuyahoga  is  used.  Each  of  the  lakes  is  tapped  by  a  24-inch  pipe  running  'up 
through  the  bed,  and  leading  off  with  about  G  feet  fall  a  distance  of  nearly  1,300  feet  to  the  canal.  Springfield  lake 
can  be  drawn  down  6  feet  and  the  other  8  feet.  Although  there  are  these  two  reservoirs  the  supply  gets  low  in 
dry  seasons,  and  several  of  the  mills  supplement  the  power  with  steam.  There  are  six  mills  on  the  canal,' all  near 
where  it  empties  into  the  Ohio  canal,  but  one  of  them,  the  Turner  mill,  now  uses  steam  altogether.  All  are  flouring- 
mills  but  the  Turner  mill,  which  manufactures  oat-meal.  Passing  down  the  canal  they  are  as  follows:  The  Stone 
mill,  with  27  feet  head  and  averaging  75  horse-power;  the  power  is  unsteady  and  they  use  steam.  The  Turner 
mill,  with  5  feet  head,  owing  to  the  canal  lock. (not  using  water-power  now).  The  Allen  mill,  with  18  feet  head  and 
43  horse-power;  steam  is  always  used  to  aid  the  water-power.  The  City  mill,  with  25  feet  head,  and  a  wheel  rated 
at  100  horse-power;  they  can  run  at  their  full  capacity  seven  or  eight  months  of  the  j'ear.  The  Etna  mill,  with 
20  feet  fall  and  a  wheel  rated  at  80  horse-power;  they  also  use  a  100  horse-power  steam-engine.  The  Cascade 
mill,  with  28  feet  fall.  These  mills  have  much  more  machinery  than  can  be  ran  by  the  flow  available  from  their 
drainage  area,  and  it  niay  almost  be  said  that  the  water-power  is  used  as  an  auxiliary  to  the  steam-power. 

THE  GRAND  RIVER. 

The  Chagrin  river  is  a  small  stream  having  a  few  unimportant  mills,  and  the  next  river  to  engage  attention  is 
the  Grand. 

This  stream  rises  in  Geauga  county  and  flows  north  to  within  about  10  miles  of  lake  Erie,  and  th^n  bends  90 
degrees  and  flows  west  some  20  miles,  entering  the  lake  near  Painesville.  The  drainage  area  is  690  square  miles. 
The  chief  tributary  is  Rock  creek,  which  enters  it  from  the  east,  about  2  miles  above  the  bend.  The  river  is  an 
instance  of  the  effect  of  cleaiing  and  dri:ining  the  land;  if  it  were  a  steady  stream  its  ordinary  low  flow  would 
probably  be  at  least  50  cubic  feet  p*  second,  but  it  has  become  so  flashy  as  to  be  almost  worthless  for  water-power. 
There  is  considerable  fall  in  places,  but  sometimes  the  bed  is  almost  dry.  Pormerly  there  were  several  mills,  now 
mainly  discontinued  or  using  steam.  The  census  returns  show  only  three  mills  on  the  river,  using  60,  60,  and  20 
horse-power,  under  35,  7J,  and  8  feet  head,  respectively.  Below  Mesopotamia,  in  Trumbull  county,  the  fall  is  slight 
to  the  bend,  and  a  dam  is  said  to  back  the  water  up  stream  for  a  distance  of  20  miles. 

WATER-POWER  EAST  TO  THE  NIAGARA  RIVER. 

There  are  no  streams  of  much  importance  for  water-power  east  of  the  Cuyahoga  river  to  the  foot>of  lake  Erie. 
Ashtabula,  Mud,  and  Cataraugus  creeks,  etc.,  are  small  and  of  little  importance  for  water-power. 

TONAWANDA   CREEK. 

Tonawanda  creek,  entering  the  Niagara  river  at  Tonawanda  above  the  falls,  is  larger  than  Cataraugus  creek,  but 
is  unimportant  for  water-power,  not  only  on  account  of  its  size,  but  especially  because  flashy.  In  early  times  it 
was  more  steady,  and  there  were  many  small  mills  on  its  upper  part,  but  now  they  are  unused.  At  the  mouth  is  a 
canal  dam  giving  slack-water  navigation  for  the  Erie  canal.  The  head  is  4J  feet  and  the  pond  is  12  miles  long. 
There  is  a  power  15  miles  up  the  stream  at  a  place  called  Ra[)ids,  but  this  is  within  the  Indian  reservation.  At 
Batavia,  also,  there  is  some  fall. 

THE  BKIB  CANAL  AT  BLACK  ROCK. 

The  Erie  canal  enters  Tonawanda  creek  at  Pendleton  some  12  miles  above  the  mouth,  and  then  by  the  slack- water 
navigation  referred  to  the  boats  reach  Tonawanda.  From  there  a  short  canal  extends  along  the  bank  of  the 
Niagara  river  to  Black  Eock,  about  3  miles  below  Buffalo,  and  there  it  is  locked  into  the  Niagara  river.  At  Black 
Rock  there  are  five  good-sized  flouring-mills  using  the  power,  which  has  about  5  feet  head.  The  supply  of  water  is 
constant,  but  some  trouble  is  experienced,  especially  by  the  lower  mills,  from  the  water  backing  up  on  the  wheels, 
owing  to  the  rise  in  the  river.    This  is  caused  by  the  wind,  and  is  from  2  to  3^  feet,  as  an  extreme.  ^ 
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THE  WATER-POWER  OF  NIAGARA  RIVER  AND  FALLS. 

Because  of  the  importance  of  the  Niagara  water-power  and  the  great  impetus  which  manufacturing  has- 
recently  taken  at  the  falls,  a  second  and  special  visit  was  made  to  the  place  in  August,  1882,  and  the  following  report 
relates  to  the  condition  of  the  power  at  that  time : 

The  "system  of  fresh-water  lakes  which  drains  into  the  Atlantic  through  the  Saint  Lawrence  river  extends  half 

,  ,  way  across  the  continent  to  the  Pacific,  and  from  the  Saint  Louis  river  at  the  head  of  lake  Superior  to  the  head  of 

the  Saint  Lawrence,  includes  thousands  of  square  miles  within  its  basin.    The  lakes  Superior  and  Michigan  drain 

thrdugh  lake  Huron  into  lake  Erie,  and  from  the  latter  the  combined  volume  of  water  pours  into  lake  Ontario 

through  the  Niagara  liver. 

The  Niagara,  with  a  volume  nearly  half  as  great  as  the  Mississippi,  has  only  a  short  course  of  37  miles  in  a 
direction 'of  a  little. west  of  north;  but  in  order  to  reach  the  level  of  lake  Ontario  it  has  to  descend  333  feet,  and  tO' 
its  immense  flood  falling  all  this  height  within  so  short  a  distance  is  due  the  grand  falls  with  their  rapids.  The 
river  makes  a  vertical  plunge  of  about  IGO  feet. 

GENEEAL  DESCRIPTION  OF  THE  LOCALITY. 

The  river  forms  the  boiindary  between  Canada  and  the  state  of  New  York.  Between  lake  Erie  and  the  falls 
it  divides  into  two  channels  around  Grand  island,  which  is  about  10  miles  long  and  4  or  5  miles  wide.  In  passing 
around  this  island  the  eastern  channel  bends  to  the  westward,  and  for  the  3  miles  from  the  foot  of  the  island  to  tbe 
falls,  the  course  of  the  river  is  west. 

At  the  falls,  which  are  23  miles  below  lake  Erie,  measured  along  the  east  channel,  the  river  is  divided  into  two 
channels  by  Goat  island,  which,  beginning  at  the  falls,  runs  up  stream  3,000  feet,  and  is  1,100  to  1,200  feet  wide. 
The  rapids  begin  at  the  head  of  Goat  island  and  continue  to  the  falls.  The  channel  on  the  Canada  side  forms  the 
Horseshoe  falls,  158  feet  high  and  2,400  feet  wide,  and  the  other  the  American  fall,  167  feet  high  and  1,000  feet  wide. 
One  mile  above  Goat  island  the  river  is  over  0,000  feet  wide.  At  the  head  of  the  island,  the  xVmerican  channel  is 
only  500  feet  across,  and  the  other  channel  is  3,200  feet  in  width,  probably  taking  seven-  or  eight-tenths  of  the  total 
flow  of  the  river ;  hence  the  Horseshoe  fall  is  much  the  more  important  of  the  two. 

Immediately  at  the  falls  the  river  turns  directly  at  right  angles  aud  flows  noitli,  and  hero  begins  the  gorge 
which  characterizes  it,  to  the  village  of  Lewistou,  7  miles  below,  where  are  the  Lewiston  heights;  the  river,  emerging- 
from  them  upon  the  plain  below,  flows  the  remaining  7  or  8  miles  to  lake  Ontario.  Just  below  the  falls,  the  gorge 
is  1,100  to  1,200  feet  wide  from  brink  to  brink,  aud  the  river  is  800  to  900  feet  wide.  The  banks  rise  in  Vertical 
cliflfs  210  feet  above  the  water,  with  a  talus  at  the  foot,  and  the  river  reaches  a  maximum  depth  of  189  feet.  Owing 
to  the  bend  of  the  river,  the  gorge  may  be  said  to  begin  at  the  Horseshoe  fall,  and  the  American  fall  enters  over 
the  eastern  cliff. 

Two  miles  below  the  falls  are  the  Whir]i)ool  rapids,  where  the  river  contracts  to  400  feet  in  width,  and  farther 
below  is  a  point  where  it  is  only  300  feet  across. 

The  country  through  which  the  Niagara  flows  may  be  roughly  described  as  a  plateau  separated  from  the  low 
land  bordering  lake  Ontario  by  the  terrace  called  Lewiston  heights,  which  extends  far  to  the  east  in  the  state  of 
New  York,  and  marks  an  old  shore-line  of  lake  Ontario. 

When  the  lake-level  lowered  and  this  outlet  of  lake  Erie  began  to  fall  over  Lewiston  heights,  it  speedily  wore 
its  way  through  the  thin  covering  of  drift  forming  the  river  terraces  now  seen  along  its  course,  and  attacked  the 
layer  of  Niagara  limestone  which  made  its  bed.  The  Niagara  limestone  is  underlaid  by  a  thin  stratum  of  very  soft 
shale,  aud  below  this  are  strata  of  varying  hardness,  and  the  result  was,  that  as  the  hard  rock  was  undermined  by 
the  action  of  the  water  it  fell  and  left  a  constantly  receding  vertical  face  over  which  the  river  passed. 

Gradually  the  falls  receded  up  stream,  varying  in  height  and  form  as  the  slight  dip  of  the  strata  changed  the 
altitude  of  the  hard  layers,  leaving  below  the  deep  narrow  gorge,  while  above,  the  river  flowed  at  the  surface  of 
the  country  or  had  only  cut  shallow  terraces  through  the  drift.  The  present  time  finds  the  falls  opposite  the 
village  of  Niagara  Falls,  7  miles  on  their  course  toward  the  threatened  draining  of  lake  Erie. 

Above  the  falls  the  river  flows  over  solid  rock,  which  is  destined  to  be  broken  and  ground  by  the  relentless 
fury  of  the  flood.  Its  banks  are  low,  scarcely  more  than  clay  rim-banks  rising  above  the  surface  of  the  water,  but 
as  the  fall?  recede  the  banks  will  probably  form  a  continuation  of  the  terraces  which  now  border  the  gorge. 

Goat  island  is  a  portion  of  the  country  which  has  been  left  by  the  river,  and  will  probably  continue  until  the 
recession  of  the  Horseshoe  fall  drains  the  American  channel  and  joins  it  to  the  mainland  in  the  far  distant  future. 

The  surface  of  the  island,  like  the  shores  of  the  river,  is  very  slightly  elevated  above  the  water  at  the  head  of 
the  rapids;  but  while  it  maintains  a  level  surface  the  rapid  descent  of  the  river  makes  its  sides  precipitous  bluft's 

near  the  falls. 
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The  Whirlpool  rapids  are  caused  by  a  tendency  to  a  repetition  of  the  circumstances  which  make  the  falls ;  a 
much  harder  stratum  of  rock  outcrops  in  the  bed  of  the  river  at  that  place,  and  hence  the  channel  is  not  worn  so 
deep,  and  it  is  the  rush  of  the  great  volume  of  water  in  endeavoring  to  pass  this  shallow  place  that  causes  the 
tremendous  surges  of  the  rapids. 

POWER  OF  THE  NIAGAEA  EIVEE. 

Although  it  is  difficult  to  imagine  that  the  estimate  of  the  total  power  of  the  Niagara  river  will  ever  be  of 
practical  importance,  yet,  the  data  being  given,  it  is  a  matter  of  very  easy  calculation. 

According  to  gaugings  made  by  the  United  States  engineers,  the  average  flow  of  the  river  above  the  falls  is 
found  to  be  10,000,000  cubic  feet  per  minute,  166,600  cubic  feet  per  second. 

The  fall  of  the  river  in  the  20  miles  from  its  head  at  Buffalo  to  3  miles  above  the  falls  is  20  feet.  From  this 
point  to  the  brink  the  total  fall  is  53  feet,  of  which  nearly  all  is  comprised  in  four  terraces  of  the  following  heights 
above  the  brink  of  the  falls  :  First  terrace,  14.75  feet ;  second  terrace,  24.09  feet ;  third  terrace,  32.42  feet ;  fourth 
terraJce,  39.79  feet  (BlackwelPs  survey,  1842).    Goat  island  has  the  same  general  level  as  the  fourth  terrace. 

The  American  fall,  according  to  Blackwell's  survey,  is  167.7  feet  high,  and  the  Horseshoe  fall  is  158.5  feet  high. 
From  the  foot  of  the  falls  to  Lewiston  the  descent  is  98  feet,  and  from  there  the  surface  of  the  river  falls  2  feet  to 
lake  Ontario. 

The  following  table  gives  the  theoretical  power  of  the  river  in  falling  from  one  lake  to  the  other : 


Portion  of  river. 

Fall  in 
feet. 

Theoretical 
horse-power. 

Lake  Erie  to  above  the  rapids 

The  rapids 

'  Theftills 

20 
53 
160 

378,   00 

1,  001,  700 

3,  024, 100 

1,  852,  300 

37,  800 

The  falls  to  Lewiston 

88 
2 

Lewieton  to  lake  Ontario 

Total 

333 

6,  294,  000 

Of  this  6,000,000  horse-power,  all  but  about  400,000  is  between  the  head  of  the  rapids  and  the  foot  of  the 
gorge,  and  4,000,000  horse-power  are  expended  within  a  distance  of  less  than  a  mile  at  the  falls. 

Fluctuatwns  in  flow. — With  the  immense  storage-reservoirs  above,  the  Niagara  river  is  very  steady  in  its  flow, 
but  it  has  been  known  to  vary  as  much  as  33  per  cent,  in  48  hours;  this  is  due  to  the  wind  oil  lake  Erie.  If  the 
wind  blows  strong  from  the  northeast  for  some  time,  it  lowers  the  eastern  end  of  the  lake,  and  then  if  it  veeis 
around  suddenly  into  the  opposite  direction,  the  maximum  flow  is  observed  on  the  river.  The  extreme  limits  of 
variation  in  the  depth  of  the  river  above  the  falls  is  3|  feet,  but  these  limits  are  very  rarely  reached  ;  the  ordinary 
variation  is  hardly  more  than  1  foot.  Below  the  falls  the  level  varies  l.j  feet,  because  of  the  diminished  width  of 
the  channel. 

Variations  in  the  lake-level. — There  are  variations  iu  the  levels  of  the  lake,  and  hence  in  the  flow  of  the  Niagara 
river,  which  can  not  be  attributed  to  variation  in  the  rainfall,  or  to  the  wind,  and  are  not  satisfactorily  accounted 
for.  Sudden  tides  occur,  amounting  in  some  instances  to  3  or  4  feet  iu  height,  and  it  is  claimed  that  there  are 
periodical  changes  extending  over  several  years.  Mr.  Charles  Rhodes,  of  Oswego,  New  York,  in  a  publication  on 
the  subject  states : 

In  April,  1873,  after  eighteen  months  of  very  low  water,  lake  Ontario  rose  2i  feet  in  about  twenty  days.  When  it  is  considered  that 
the  whole  inflow  of  the  Niagara  during  that  time  would  scarcely  more  than  fill  the  lake  to  that  extent,  or  if  the  flow  of  the  Saint  Lawrence 
were  entirely  stopped  for  a  couple  of  weeks  it  would  only  raise  the  lake  to  that  extent,  the  magnitude  of  the  change  may  be  appreciated, 
but  can  hardly  be  accounted  for. 

He  argues  against  the  theory  of  a  subterranean  channel  between  the  lakes.  Mr.  Ehodes  is  inclined  to  attribute 
some  of  the  changes  in  level  to  inequality  in  the  atmospheric  pressure. 

USE  OF  POWEE  AT  NIAGAEA  FALLS. 

There  have  been  men  from  the  early  years  of  the  country  who  have  realized  the  value  of  the  power,  and  have 
anticipated  for  it  an  era  of  usefulness,  which  is  fortunately  in  no  wise  incompatible  with  the  much-needed  restoration 
of  the  natural  beauty  of  the  place. 

In  the  year  1678  a  portion  of  one  of  La  Salle's  exploring  expeditions  built  their  huts  some  5  miles  above  the 
falls,  and  there  is  a  descriptiou  of  the  impression  produced  by  the  falls  upon  the  explorers,  written  by  Father 
Hennepin,  a  priest  who  accompanied  the  party,  and  who  acted  in  the  capacity  of  historian. 

For  nearly  a  century  after  this  visit  of  the  French  there  was,  so  far  as  can  be  learned,  no  attempt  made  to 

make  use  of  the  water-power,  and  it  was  not  until  17.jO  that  a  wheel  was  built. 
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HISTOEICAL  SKETCH   OF   THE  USE  OF   THE  POWEE. 

The  following  is  an  abstract  of  the  history  of  the  development  of  the  water-power  interests  of  Niagara  Palls, 
as  obtained  through  the  courtesy  of  Mr.  Albert  Porter,  an  old  resident  of  the  place.  In  order  to  make  it  intelligible 
it  is  well  to  give  a  brief  account  of  the  improvements  as  they  exist  at  present : 

The  village  of  Niagara  Palls  is  situated  in  the  angle  at  the  falls  where  the  river  bends ;  it  extends  along  the 
New  York  shore  nearly  a  mile  above  the  falls,  and  also  some  distance  down  the  gorge.  In  1870  the  population 
was  3,006,  and  in  1880  it  was  3,320.  The  land  on  which  the  village  is  built  is  quite  level,  and  the  variation  in 
altitude  is  only  about  40  feet.  The  contour  is  such  that  races  could  be  very  readily  constructed  along  the  rapids, 
using  their  fall;  but  the  crowning  feature  of  the  place  in  this  respect  is  that  the  level  nature  of  the  land  permits 
the  excavation  of  canals  through  the  village,  across  the  bend,  striking  the  river  bank  below  the  falls.  This  is 
precisely  what  has  been  done.  Starting  above  the  village,  at  what  is  called,  by  some.  Port  Day,  an  hydraulic  canal 
passes  across  the  bend,  and  ends  in  a  basin  600  feet  long,  running  parallel  with  the  cliff  2,400  feet  below  the 
American  fall.  Along  this  basin  mills  are  situated.  There  are  also  two  races  along  the  rapids;  the  upper  race, 
starting  opposite  the  head  of  Goat  island,  and  the  lower  race,  beginning  about  half  way  down  the  length  of  the 
rapids  and  extending  to  Prospect  park,  which  occupies  the  angle  immediately  at  the  American  fall. 

On  Bath  island,  which  is  in  the  American  channel,  a  little  below  the  center  of  the  rapids,  there  is  a  paper-mill 
obtaining  a  head  by  means  of  wing-dams;  and  this  concludes  the  list  of  developments  of  the  wat«r-power  of  the 
falls,  with  the  exception  of  a  wheel  used  on  the  Canadian  side  for  pumping  water  for  the  inhabitants. 

As  early  as  1688  La  Salle  built  the  first  stockade  at  Niagara.  In  1725  it  was  greatly  enlarged,  the  stone 
buildings  now  standing  were  erected,  and  a  permanent  fort  was  made. 

The  first  recorded  use  of  the  water-power  was  the  erecting  of  a  saw-mill,  probably  in  1725,  to  supply  lumber 
for  the  use  of  fort  Niagara.  This  was  built  just  above  the  site  of  Witmer's  mill,  which  stands  near  the  head  of 
the  upper  race.  The  entire  region  remained  in  the  hands  of  the  French  until  the  war  with  England.  During  the 
war  the  mill  was  destroyed,  but  was  afterward  rebuilt  by  the  British  when  they  gained  control  of  the  region. 

Passing  over  the  intervening  time  to  the  present  century,  during  which  no  further  use  was  made  of  the  power, 
■we  find  that,  through  the  disjiutes  of  the  colonies  concerning  their  boundaries.  New  York,  finally  came  into  possession 
of  a  tract  1  mile  wide  along  the  entire  length  of  the  east  side  of  the  Niagara  river.  This  was  surveyed  into 
farms,  water-lots,  etc.,  and  sold,  and  Augustus  and  Peter  B.  Porter  and  Benjamin  Barton  bought  a  very  large  tract 
in  the  vicinity  of  Niagara  Palls.  To  a  considerable  extent  this  yet  remains  in  the  possession  of  the  heirs  of  Augustus 
Porter,  who  had  great  faith  in  the  value  of  the  place  for  manufacturing-,  and  gave  the  village  the  name  of  Manchester. 
He  built  the  upper  race  in  1805,  extending  it  only  a  short  distance  below  the  site  of  Witmer's  miU,  and  erected  a 
saw-mill,  and  the  next  year  a  grist-mill  was  built.  About  that  time  was  started  what  has  grown  to  be  the  present 
lower  race,  and  from  it  were  run  a  woolen  factory,  a  carding-mill,  and  a  tannery.  In  the  war  of  1812  the  village 
was  entirely  destroyed,  and  the  power  was  not  again  used  until  1816.  Mr.  Porter  then  rebuilt  the  grist- mill,  placing 
it  just  above  the  site  of  the  Witmer  mill,  where  the  old  building  is  still  stauding.  In  1822  he  built  on  a  much 
larger  scale,  and  the  building,  now  known  as  the  Witmer  mill,  is  still  in  use. 

In  1823  a  paper-mill  was  built  on  the  lower  race,  and  thre:;  years  after  was  converted  to  other  uses.  Various 
other  industries  were  started  on  the  lower  race,  a  forge,  furnace,  machine-shop,  and  pail  factory  at  an  early  day, 
and  others  of  more  recent  date.  In  1826  A.  H.  Porter  and  H.  W.  Clark  built  a  larger  paper-mill  on  Bath  island, 
■where  the  industry  yet  exists,  but  in  other  hands. 

In  1847  Augustus  Porter,  after  having  a  survey  made,  published  a  proposal  inviting  capitalists  to  construct  a 
•canal  along  the  site  of  the  present  hydraulic  canal,  estimating  that  power  for  sixty  run  of  stone  could  be  obtained 

with  a  cost  of  $30,000.    Nothing  was  accomplished  until  1852,  when  on  the  24th  of  December  his  heirs Mr.  Porter 

being  deceased— made  a  contract  with  Walter  Bryant,  of  Boston,  Massachusetts,  whereby,  on  condition  of  the  canal 
being  constructed,  there  were  to  be  conveyed  to  him  100  feet  right  of  way  for  the  carial,  and  75  acres  of  mill-sites 
along  the  river  below  the  falls.  In  1853  Mr.  Bryant  organized  the  Niagara  Falls  Hydraulic  Company,  with  Caleb 
S.  Woodhull,  ex-mayor  of  New  York,  as  president  and  himself  as  agent.  In  1854  the  interests  of  this  company  were 
conveyed  to  John  Miller,  and  the  actual  conveyance  of  the  property  was  made  to  him  by  Mr.  Porter's  heirs. 

From  John  Miller  the  property  passed  to  Horace  H.  Day,  a  prominent  eastern  manufacturer,  and  his  associates, 
and  by  their  enterprise  the  canal  was  completed  as  it  now  exists.  Then  followed  a  long  era  of  stagnation  in  the 
interests  of  the  water-power,  due  partly  to  the  distractions  of  the  civil  war,  and  partly  to  a  somewhat  visionary 
management.  Finally  the  property  passed  into  the  hands  of  Mr.  A.  U.  Chesbrough  in  1874,  and  in  the  next  year 
the  first  building  was  erected,  a  flouriug-mill  owned  by  Mr.  C.  B.  Gaskill.  Mr.  Chesbrough  sold  his  interests  to 
Mr.  J,  F.  Schoellkopf,  of  Buffalo,  andthe  property  is  virtually  under  his  control  at  present.  The  company  is  titled 
the  "Niagara  Falls  Hydraulic  Power  and  Manufacturing  Company",  of  which  Mr.  Schoellkopf  is  president. 

All  the  development  of  manufacturing  on  the  basin  has  taken  place  since  1875,  and  the  last  three  or  four  years 

have  seen  an  immense  increase.     It  is  easy  to  see  that  the  development  of  a  most  important  manufacturing  center 

rests  with  those  capable  of  comprehending  and   improving  the  situation.     Evidently  the   future   manufacturing 

development  depends  upon  the  hydraulic  caual,  so  far  as  existing  works  are  concerned,  rather  than  upon  the  two 
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races,  which  can  never  bo  enlarged  to  embrace  a  couiprebensivo  improvement  of  the  river,  while  the  capabilities  at 
the  hydraulic  basin  are  unrivaled.  So  far  as  can  be  learned  there  is  no  expectation  of  ever  increasing  materially 
the  capacity  of  the  races. 

FavoraMe  features  of  the  water-power. — It  is  unnecessary  to  speak  of  the  advantages  of  the  place  as  regards 
unlimited  supply  of  water  and  steadiness  of  flow.  Winter  and  summer  the  river  rushes  on  independent  of  freezing 
cold  or  of  the  dry  heat  of  the  summer  months,  the  greatest  variation  being  due  only  to  the  changing  direction  of 
the  wind.  By  digging  the  races  deep  enough,  the  only  effect  of  this  on  the  power  would  be  restricted  to  reducing 
the  almost  unlimited  head  obtainable,  by  1,  or  in  extreme  cases  2  feet.  Ice  sometimes  occasions  trouble  at  the  mills 
by  clogging  the  racks.     With  a  proper  arrangement  of  breakv/aters  this  is  almost  entirely  warded  ofi'. 

Eegarding  freighting  facilities,  there  is  the  advantage  of  being  on  a  through  line  between  the  West  and  the 
East.  The  New  York  Central,  Xew  York,  Lake  Erie  and  Western,  Great  Western,  Canada  Southern,  and  Eome, 
Water  town  and  Ogdensburg  railroads  all  have  lines  to  Niagara  Falls  or  close  connections. 

All  the  utilized  power,  except  at  the  basin,  is  some  distance  from  any  railroad  track,  and  the  products  have  to 
be  hauled  in  wagons,  but  the  tracks  of  the  New  Yoik  Central  Eailroad  Company  pass  near  the  basin,  and  side- 
tracks are  built  there  directly  to  the  doors  of  the  mills. 

DESCRIPTION  OF  THE  DIFFEEENT  POWERS. 

PAPEE-MILL    ON   BATH   ISLAND. 

The  paper-mill  on  Bath  island  has  been  burnt  three  times  since  it  was  moved  from  the  lower  race.  The  last 
time  occurred  in  1881,  and  it  has  just  been  rebuilt  in  the  most  perfect  manner,  fire-proof,  and  with  increased 
capacity.  It  produces  over  10,000  pounds  of  printing- paper  i)er  day.  The  bridges  connecting  the  mainland  with 
Goat  island  touch  the  island,  and  the  mill  and  office  of  the  Niagara  Falls  Paper  Manufacturing  Company  lie  just 
below  the  road.  There  are  three  American  turbines  under  IS  feet  head  of  water,  one  giving  275  horse-power,  and 
the  others  65  horse-power  each.    This  410  horse-power  is  all  that  the  size  of  the  building  demands. 

The  head  is  obtained  by  means  of  wing-walls,  whieli  extend  500  feet  up  stream  and  supply  a  large  amount  of 
water.  The  head  of  water  does  not  vary  more  than  8  inches,  depending  on  the  direction  of  the  wind  on  lake  Brie. 
At  the  upper  end  of  the  wing- walls  are  several  timber  cribs  sunk  in  the  channel  to  ward  off  the  ice,  and  the  wing- 
walls  are  arranged  with  an  overflow,  so  that  what  ice  enters  the  race  will  pass  out  into  the  river.  The  ice  sometimes 
lodges  in  the  rapids  above  the  opening  of  the  race  in  blocks  nearly  4  feet  thick.  In  the  old  mill  there  were  thirteen 
wheels  supplied  by  this  race.  If  the  lease  allowed  the  building  of  a  dam  to  Goat  island,  and  it  were  desired,  the 
head  could  be  very  materially  increased.     There  is  no  good  opportunity  for  situating  other  mills  on  this  race. 

THE   UPPER  EACE. 

The  upper  race  starts  near  the  head  of  the  American  channel,  and  extends  650  feet  down  to  the  waste-weir; 
from  there  it  continues  800  feet  farther,  but  much  diminished  in  size,  with  stagnant  water  at  the  end  of  it.  The 
upper  portion  has  existed  since  1805,  as  already  described.  The  only  buildings  using  the  water  of  the  race  are  the 
Cataract  House  laundry,  near  the  lower  end,  and  two  bath-houses  above.  The  laundry  has  a  48-inch  turbine  under 
18  feet  head  of  water. 

There  is  a  power  so  intimately  connected  with  the  upper  race  that  it  is  best  mentioned  here,  although  to  a  certain 

-extent  independent.  Behind  the  same  breakwater  which  forms  the  head  of  the  upper  race  a  small  race  starts  along 
the  river-bank,  with  a  stone  wing- wall  between  it  and  the  river,  and  runs  500  feet  down  the  stream.  At  the  foot 
is  Witmer's  grist-mill,  with  an  average  head  of  6  feet,  varying  about  8  inches,  according  to  the  wind.  The  mill 
has  four  run  of  stone,  and  uses  60  to  70  horse-power.     Some  difficulty  is  experienced  from  ice  choking  the  flume. 

■  Just  above  Witmer's  mill  is  an  old  building  which  has  been  occasionally  used  as  a  sash-and-blind  factory,  and  has 
a  60-inch  wheel  under  4^  feet  head  of  water.  A  short  distance  below  Witmer's  mill  is  a  small  wheel  at  the  river- 
bank,  fed  directly  from  thie  river,  and  used  to  pump  water  to  a  private  residence.  The  descent  of  the  rapids  is  so 
great  at  that  point  that  a  very  .short  wing- wall  gives  a  head  of  about  4  feet. 

THE   LOWER   RACE. 

The  lower  race  is  the  scene  of  much  more  manufactuting  than  the  upper  race.  It  begins  just  opposite  the 
Cataract  house,  overlapping  the  lower  300  feet  of  the  upper  race,  and  runs  1,000  feet  along  the  river-bank.  The 
first  400  feet  are  formed"  by  a  crib  wing- wall  built  in  the  river;  then  the  race  passes  through  two  stone  culverts 
under  Tugby's  bazaar  and  the  streets  to  the  Goat  Island  bridge,  and  finally  there  is  a  length  of  488  feet  to  Falls 
street.  From  the  end  of  the  race  a  small  one,  4  or  5  feet  wide  and  about  1  foot  deep,  passes  under  Falls  street 
into  Prospect  park,  and  there  it  supplies  36  horse-power,  under  13  feet  head,  for  the  electric  lights  and  the  inclined 

plane. 

The  lower  race  runs  along  Water  street,  and  between  it  and  Cascade  street,  which  borders  the  river,  are  twenty 
wa-ter-lots,  varying  from  58  to  132  feet  in  depth.  There  are  also  two  lots  occupied  by  Tugby's  bazaar.  The  race  is  25 
^eet  wide,  and  the  normal  depth  is  6  feet.     In  the  wing-wall  portion  it  is  about  40  feet  wide.     The  lower  150  feet  of 
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the  wing-wall  is  an  overflow,  and  at  the  lower  end  of  this  are  the  racks  and  gates  for  regulating  the  flow.  All  the 
utilized  power  is  taken  below  Bridge  street,  and  the  buildings  are  situated  on  the  lots  mentioned.  Wagons  come 
to  the  rear  from  Cascade  street,  and  bridges  across  the  race  connect  them  with  Water  street.  The  head  of  water 
available  varies  from  about  7  feet  at  Tugby's  building  to  17  feet  at  the  foot  of  the  race. 

The  utilized  power  is  as  follows:  On  lot  2,  below  the  bridge,  is  a  tub-wheel,  6  feet  in  diameter,  under  9  feet 
head,  which  furnishes  power  for  the  laundry  of  the  International  hotel  by  a  2J-iuch  shaft  300  feet  long.  On  lots 
5  and  6  is  a  sash  factory,  using  a  5J-feet  tub-wheel,  under  11  feet  head,  giving  25  to  30  horse-power.  On  lots  7  and 
8  is  a  cabinet-shop,  using  a  similar  power;  Lots  9  and  10  are  occupied  by  a  planing-mill,  with  a  turbine,  under  12 
feet  head,  giving  40  horse-power;  and  on  lots  11  and  12  is  a  machine-shop,  with  about  the  same  power.  These  two 
powers  make  use  of  the  same  bulkhead  and  tail-race.  The  next  two  lots  are  unoccupied,  but  upon  lots  15  and  16 
is  a  wood-pulp  mill,  the  only  very  extensive  industry  on  the  race.  It  has  two  turbines,  under  an  available  head  of 
17  feet,  and  giving  400  horse-power  usually.  The  remaining  four  lots  are  unoccupied,  except  by  a  hotel  and  other 
buildings. 

There  has  been  considerable  difSculty  between  the  different  establishments  on  the  race,  owing  to  its  inability 
to  meet  the  demands  upon  it.  When  all  the  mills  are  running  the  head  at  the  foot  of  the  race  is  drawn  down  to 
nearly  14  feet.  With  its  present  capacity  there  is  no  power  available  for  additional  manufacturing,  and,  as  it  is,^ 
some  of  the  powers  owned  are  not  represented  at  all  in  those  used. 

THE  HYDRAULIC  CANAL  AND  BASIN, 

The  brief  account  already  given  of  the  hydraulic  canal  and  its  history  must  serve  tf)  a  certain  extent  to  make  its 
character  understood.  It  is  owned  by  the  Niagara  Falls  Hydraulic  Power  and  Manufacturing  Company,  of  which 
Mr.  J.  F.  Schoellkopf  is  president,  Mr.  Arthur  Schoellkopf,  secretary,  and  Mr.  Benjamin  Ehodes,  of  Niagara  Falls, 
engineer.  The  canal  occupies  the  most  advantageous  position  along  the  river  for  an  extensive  development  of 
the  power.  By  cutting  across  the  bend  in  the  river  it  comes  out  at  the  cliff  overlooking  the  gorge,  and  there  is  an 
extensive  level  tract  where  manufactories  can  be  erected  without  interfering  with  the  streets  and  buildings  of  the 
town,  where  railroad  tracks  are  convenient,  and  where  210  feet  head  of  water  is  available.  After  an  inspection  of 
the  site  it  is  difficult  to  conceive  of  any  place  more  favorable  for  the  development  of  a  great  water-power. 

Below  the  covering  of  from  10  to  20  feet  of  drift  are  the  solid  layers  of  limestone,  which  are  exposed  in  section 
in  the  sides  of  the  gorge;  and  the  plan  pursued  is  to  erect  the  buildings  along  the  edge,  sink  a  wheel-pit  to  any 
desired  depth  into  the  rock,  and  then  tunnel  out  to  the  face  of  the  cliff"  for  a  tail-race.  The  miniature  waterfalls 
tumbling  down  the  side  of  the  gorge  make  a  really  beautiful  sight.  From  tbe  roofs  of  the  mills  a  stone  may  be 
thrown  into  the  river  300  feet  below. 

By  the  original  grant  the  company  owns  75  acres  of  land,  exteudiug  along  the  river-front,  and  100  feet  right 
of  way  through  the  town  along  the  line  of  the  canal.  The  canal  when  completed  did  not  fulfill  the  original 
requirement  of  70  feet  width,  and  remains  unchanged;  part  is  70  feet  wide,  but  a  portion  is  excavated  only  to  a 
width  of  30  feet.  It  is  largely  cut  through  the  hard  limestone,  aad  the  deepest  excavation  is  20  to  25  feet  below  the 
surface  of  the  ground.  The  depth  of  water  is  from  8  to  12  feet.  The  original  intention  was  to  furnish  a  navigable 
channel  with  a  30-foot  tow-path  along  the  side,  but  this  has  not  been  accomplished.  It  is  practicable,  and  i)ossibly 
the  future  will  see  boats  passing  back  and  forth  between  lake  Erie  and  the  basin  in  front  of  the  mills.  At  the 
entrance  to  the  canal  the  supply  of  water  is  regulated  by  two  guard-locks,  placed  side  by  side,  one  of  them  usually 
closed.  The  length  of  the  canal  is  4,400  feet,  and  at  a  distance  of  about  300  feet  from  the  edge  of  the  cliff'  it  enters 
the  hydraulic  basin,  which  is  70  feet  wide  and  runs  parallel  with  the  river  for  a  distance  of  700  feet.  On  the  level, 
300  feet  wide,  between  the  basin  and  the  cliff,  the  mills  are  situated.  A  road  and  sidewalk  run  along  the  river  side 
of  the  basin,  and  about  halfway  between  the  basin  and  the  cliff  are  sidetracks  of  the  New  York  Central  railroad,, 
running  nearly  parallel  with  them  past  all  the  manufactories.  At  the  south  or  upper  end  of  the  basin  there  is  an 
extension  30  feet  wide  for  200  feet,  and  from  the  end  of  this  a  20-foot  canal  passes  at  right  angles  100  feet  toward 
the  cliff,  where  it  ends  in  a  bulkhead  40  by  20  feet.  All  the  wheels  are  set  between  the  railroad  and  the  river,  and 
races  run  to  them  from  the  basin.  There  are  six  separate  points  at  which  wheels  are  placed,  and  some  twelve 
different  industries  using  the  power. 

Character  of  lease.— AU  the  power  in  use  is  leased,  with  the  exception  of  the  power  used  by  Mr.  Schoellkopf,. 
and  two  powers  which  were  bought  in  the  eariy  days  of  the  improvement.  Because  of  the  expense  attending  the 
excavating  of  separate  races  and  tunnels  for  each  mill,  and  thus  to  some  extent  deterring  manufacturers  from 
investing,  the  company  has  inaugurated  the  plan  of  excavating  a  large  wheel-pit  and  tunnel  as  a  center  of  power, 
around  which  to  cluster  industries,  the  shafts  of  the  different  buildings  gearing  upon  the  main  shaft.  One  has 
already  been  made  at  the  upper  end  of  the  basin.  The  company  maintains  the  water-wheels  and  main  shafting 
in  running  order,  and  manufacturers  connect  their  machinery  with  it.  In  arrangements  of  this  kind  the  charge  is 
110  per  horse-power  per  annum.  When  heavy  powers  are  required  of  from  500  to  1,000  horse-power,  or  more,  the 
manufacturers  supply  their  own  water-wheels  and  appUances,  and  the  company  leases  out  the  water  under  a  head 
of  75  feet,  charging  $7  per  horse-power  for  all  powers  up  to  1,000  horsepower,  and  diminishing  the  rate  for  larger 

powers. 
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Character  of  the  power. — As  regards  steadiness  of  the  power,  there  is  no  reason  for  any  fluctuation  beyond  that 
due  to  the  direction  of  the  wind  on  lake  Erie.  The  running  of  all  the  wheels  can  not  lower  the  level  of  the  basin 
more  than  6  inches,  and  with  the  great  head  used  this  is  of  no  consequence.  Mr.  Arthur  Schoellkopf  states  that 
he  does  not  believe  that  in  their  large  flouring-mill,  which  has  been  running  since  1878,  there  have  been  twenty-four 
hours  lost  from  lack  of  water.  The  total  amount  of  power  which  the  present  wheels  are  capable  of  supplying  is 
4,000  horse-power;  and  with  the  large  head  used  this  makes  little  demand  upon  the  basin,  leaving  a  large  supply 
yet  to  draw  upon.  By  enlarging  the  canal  this  can  be  immensely  increased,  and  the  company  claims  70,000  horse- 
power available  from  their  rights.  Anchor-ice  getting  into  the  racks  has  occasionally  given  trouble  for  a  few  hours 
at  a  time,  but  is  nothing  serious,  and  by  having  deep  racks  may  be  entirely  avoided. 

Account  of  the  manufactories. — Starting  at  the  lower  end  of  the  basin  and  going  toward  the  falls,  the  first  thing^ 
met  is  an  unfinished  race  and  head-gate,  which  was  intended  for  a  compressed-air  company,  but  was  abandoned. 

Next  is  the  stone  building  of  the  Niagara  Falls  Wood  Paper  Company,  which  at  present  manufactures  wood- 
pulp  only.  The  watep  passes  through  a  tube  and  stand-pipe  5  feet  in  diameter,  and  turns  a  dO-inch  Lessner  wheel,, 
under  50  feet  head.  The  tail-race  is  an  open  cut  in  the  bank.  The  wheel  has  a  capacity  of  250  horse-power,  but 
only  230  are  in  use. 

About  70  feet  from  the  wood-pulp  mill  is  the  large  flouriug-mill  of  Schoellkopf  &  Matthews.  The  total  area 
covered  by  the  building  is  about  225  feet  long,  by  90  feet  wide,  and  the  capacity  is  1,000  barrels  of  flour  per  day.. 

The  power  is  obtained  by  two  American  turbines,  52  and  32  inches  in  diameter,  respectively,  under  50  feet  head.. 
Thej-  can  work  up  to  1,200  horsepower,  but  only  800  to  900  are  in  i»e.  The  water  passes  to  the  wheels  through  a 
heavy  boiler-plate  stand-pipe,  9  feet  in  diameter,  with  a  ybranch  to  the  wheels.  The  tail-race  is. an  open  cut,  about 
40  feet  long,  through  the  bank.    The  railroad  tracks  pass  through  the  center  of  the  building. 

From  the  flouring-mill  a  wire  rope  transmits  power  across  the  basin  to  a  cooper-shop,  supplying  barrels,  and  a 
manufactory  of  rustic  work  on  the  ssecond  floor. 

Just  above  the  flouring-mill  is  a  stone  wood-pulp  mill,  controlled  by  the  Cataract  Manufacturing  Company, 
The  wheel  is  a  48-inch  American  turbine,  under  a  head  of  84  feet.  Great  difficulty  has  been  experienced  in  getting- 
one  of  sufficient  strength.  It  is  probable,  that  to  make  wheels  satisfactorj-,  under  such  great  px'essure,  bronze  will 
have  to  be  used  in  their  construction.  The  wheel-pit  was  excavated  8  feet' in  diameter,  through  the  limestone,  at 
a  distance  of  40  feet  from  the  cliff,  and  then  a  6-foot  tunnel  was  run  out  to  the  cliff  for  a  tail-race.  The  wheel  is. 
set  in  the  bottom  of  the  pit;  and  the  4J-inch  steel  shaft  rises  through  the  center,  braced  at  intervals  from  the  rock 
sides.  The  power  available  is  1,300  horse-power,  but  only  about  700  horse-power  is  in  use.  There  is  a  small  frame 
shop  adjoining  the  mill,  used  in  connection  with  it. 

About  GO  feet  beyond  the  pulp-mill  is  Mr.  Gaskill's  stone  flouring-mill,  the  first  building  erected  at  the  power. 
There  is  a  48-iuch  turbine,  under  23  feet  head,  supplying  100  horse-power.  From  30  to  50  horse-power  are  also 
obtained  by  means  of  shafting  from  a  wheel  set  at  the  water  works,  between  the  mill  and  the  cliff.  The  tail-race 
is  an  open  cut. 

Between  the  Caskill  mill  and  the  edge  of  the  cliff'  are  the  water-works  supplying  the  villages  of  Suspension 
Bridge  aud  Niagara  Falls.  The  Holly  system  of  pumps  is  used,  with  a  dailj^  capacity  of  1,500,000  gallons.  The 
water  is  usually  pumped  from  tho  river,  but  can  be  taken  from  the  basin  if  necessary.  The  water-wheel  is  a  54-inch 
American  turbine,  set  over  the  tail-race  of  the  Gaskill  mill,  under  26  feet  head.  It  is  fed  through  a  boiler-ijlate 
l>ipe  4  J'eet  in  diameter.    About  40  horse-])ower  is  used  for  the  pumijs. 

Beyond  the  flouring-mill  just  described  there  is  a  vacant  s])ace  of  450  feet  up  to  the  large  pen-stock  constructed 
by  the  companj'.  About  this  are  located  several  industries  started  in  1881-'82,  as  the  power  was  not  completed 
before  that  time.  At  the  end  of  the  30-foot  extension  of  the  basin  and  the  20-foot  canal  is  a  bulkhead  40  by  20 
feet  and  20  feet  deep.  In  addition  to  the  gates  at  the  end  of  the  basin  extension  there  are  two  at  this  bullihead 
designed  by  Mr.  Rhodes,  with  verj'  ])0werful  screw-gearing,  so  as  to  work  readily  under  the  20-foot  head.  In  front 
of  these  is  a  iine  rack,  constrncted  of  2^,-inch  iron  bars  ^  inch  thick,  and  kept  about  1  inch  apart  by  distance  pieces. 
Behind  the  gates  is  a  masonry  wall,  with  three  openings  for  the  entrance  of  boiler-plate  tubes  7  feet  in  diameter, 
which  are  intended  to  supply  water  to  three  wheels.  Of  these  only  the  center  one  is  yet  in  place,  but  the  other 
tubes  and  wheels  are  to  be  arranged  in  precisely  the  same  manner  as  this.  From  the  bulkhead  the  tubes  pass 
horizontally  for  a  distance  of  60  feet  toward  the  river.  20  feet  below  the  surface  of  the  water.  There  they  reach 
the  wheel-pit,  which  is  40  by  20  feet  and  88  feet  deep  below  the  water-shrface.  Falling  56  feet,  the  tubes  reach  a 
shelf  cut  in  the  rock  15  feet  above  the  bottom  of  the  pit,  and  then  drop  11  feet  farther  to  the  wheels,  which  are  6 
feet  above  the  bottom.  From  the  wheel-pit  a  tail-race  tunnel  6  by  10  feet  in  cross-section  leads  160  feet  to  the  face 
of  the  cliff.  The  wheel  now  working  is  a  Eisdon  turbine,  50  inches  in  diameter,  and  under  the  80  feet  head  it  gives 
theoretically  1,076  horse-power,  transmitted  by  a  6-inch  steel  shaft  to  the  gearing  above  ;  it  requires  8,370  cubic 
feet  of  water  per  minute,  and  makes  254  revolutions  in  that  time.  It  is  proposed  to  put  in  similar  wheels  at  the 
other  two  places,  when  3,200  horsepower  will  be  obtained. 

The  power  now  obtained  is  leased  by  the  company,  under  conditions  already  mentioned,  to  five  separate 

industries.     At  the  wheel-pit,  and  continued  over  it  so  as  to  form  a  wheel-house,  is  a  fine  stone  building,  the  back 
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of  which  is  a  wood-pulp  mill  owned  by  Mr.  J.  F.  Quingley.  The  part  over  the  wheel-pit  is  owned  by  the  compa.ny, 
and  in  the  basement  are  the  two  electrical  machines  of  the  Brush  Electric  Light  and  Power  Company,  of  Niagara, 
of  which  Mr.  Benjamin  Ehodes  is  secretary.    This  company  has  about  4  miles'  length  of  circuit  and  forty  lights. 

Just  beyond  the  mill  are  the  buildings  of  the  Oneida  community,  which  has  removed  its  machinery,  etc.,  from 
Wallingford,  Connecticut.  The  first  building  and  one  extending  parallel  with  the  river-bank  belong  to  their 
extensive  plating  factory,  and  the  one  forming  the  other  side  of  the  hollow  square  has  been  erected  for  a  fruit- 
canning  establishment.  These,  in  addition  to  a  machine-shop  running  with  wire  rope,  are  all  the  industries  at 
present  using  the  large  power.  The  smaller  shafts  gear  upon  the  main  shaft  from  the  wheel  by  means  of  conical 
•friction  clutches. 

It  is  probable  that  the  two  remaining  wheels  will  soon  be  placed  in  position,  as  there  is  already  demand  for 
more  power.  There  is  scarcely  room  in  the  immediate  vicinity  of  the  wheel-pit  for  using  3,000  horse-power,  and  it 
will  probably  need  to  be  conveyed  by  shafting  or  wire  rope  for  a  short  distance. 

This  concludes  the  enumeration  of  the  industries  on  the  basin ;  and  it  must  be  evident  that,  notwithstanding  the 
large  amount  of  power  already  in  use,  scarcely  an  impression  has  been  made  upon  the  possibilities  afforded. 

UNIMPEOVED  POWER  OP  THE  NIAGAEA  ElVEE. 

The  total  theoretical  power  of  the  Niagara  river  has  been  calculated  to  be  6,294,000  horse-power,  and  leaving 
out  that  above  the  rapids  and  below  Lewiston,  there  remains  5,878,100  theoretical  horse-power,  which  in  a  certain 
sense  may  be  considered  available,  although  the  idea  of  harnessing  the  Niagara  is  a  rather  formidable  one.  The 
total  power  which  the  wheels  now  in  use  are  capable  of  supplying  is  about  5,200  horse-power,  and  the  river  offers 
power  sufiicient  to  run  1,100  such  manufacturing  centers  as  that  at  Niagara  Palls  village,  and  still  leave  a  surplus 
of  water. 

USE   OP  POWER  VERSUS  NATURAL  SCENERY. 

But  in  discussing  the  development  of  the  power  it  will  be  well  not  to  forget  the  fact  that  Niagara  is  one 
■of  the  grandest  sights  of  North  America,  visited  by  thousands,  and  worthy  of  all  endeavor  to  maintain  it  and  its 
surroundings,  so  far  as  possible,  with  the  beauty  nature  once  bestowed.  The  extensive  development  of  the  water- 
power  by  either  country  concerned  w^ould  be  a  poor  investment,  unless  with  it  could  be  preserved  the  rush  and 
roar  of  the  waters  and  the  wooded  shores.  It  is  possible  to  make  an  extensive  use  of  the  power  without  interfering 
with  the  beauty  of  the  place,  as  will  presently  be  seen;  and  the  hydraulic  canal  and  basin  do  not  seriously  interfere, 
because,  to  a  certain  extent,  removed  from  the  vicinity  of  the  falls;  but  the  two  races,  with  their  buildings  and 
stone  walls,  and  also  the  bazaars  and  hotels  along  the  shore,  certainlj'  are  not  an  improvement  on  the  wild  wooded 
banks  which  once  hemmed  the  river.  Nor  can  any  thing  be  said  in  favor  of  the  stores  and  paper-mill  on  Bath 
island,  which,  although  a  neat  stone  building,  is  not  in  accord  with  nature's  scenery.  The  rapid  destruction  of  thpe 
natural  beauty  of  the  place  has  long  excited  apprehension,  and  an  endeavor  was  made  in  1880  to  pass  a  bill  in  the 
New  Tork  legislature  for  the  establishment  of  an  international  park,  with  the  aid  of  the  Canadian  authorities. 
The  bill  contemplated  the  purchase  of  the  land  bordering  the  river  in  the  vicinity  of  the  falls,  the  removal  of  the 
buildings,  and  the  restoration  of  the  shores  to  their  natural  condition.  A  report  of  the  state  survey,  published  at 
the  time,  sets  forth  the  present  condition  of  the  place,  and  contains  views  of  the  river  as  it  would  appear  with  the 
proposed  improvements,  but  nothing  has  yet  been  accomplished. 

GOAT  ISLAND. 

After  the  preceding  remarks,  it  seems  an  ungracious  task  to  report  the  existence'of  valuable  powers,  in  direct 
antagonism  to  the  restoration  of  the  scenery.  Not  to  mention  the  Canadian  side,  where  a  fine  water-power  might 
be  created,  there  is  Goat  island,  whose  surface  is  on  a  level  with  the  head  of  the  rapids.  The  distance  of  the  surface 
from  the  water  gradually  increases,  so  that  at  the  foot  of  the  island  it  is  about  50  feet  above  the  water. 

There  is  every  opportunity  for  starting  one  or  more  canals  at  the  head  of  the  island,  and  running  these  down 
stream  3,000  feet;  50  feet  head  can  be  obtained,  with  extensive  mill-sites.  By  excavating  a  tail-race  tunnel  out  to 
the  face  of  the  cliff,  200  feet  head  can  be  obtained.  If  a  smaller  power  is  required,  there  are  the  Three  Sister  islands, 
which  lie  side  by  side  from  Goat  island  toward  the  Canadian  shore. 

In  each  of  the  three  channels  a*  large  body  of  water  rushes,  which  can  be  utilized,  but  the  largest  is  in  the 
middle  channel,  where  there  is  a  descent  of  15  feet  or  more,  and  a  stream  about  40  feet  wide,  3  feet  deep,  and 
exceedingly  rapid. 

THE  AMERICAN  SHORE. 

On  the  American  shore  the  two  races  could  be  g-^eatly  enlarged  with  a  sufficient  expense,  and  there  is  also  a 
fine  power  available  by  running  a  canal  through  Prospect  park  from  above  the  falls.  For  such  a  canal,  about  170 
feet  head  would  be  available. 

Distribution  of  the  pou-er  in  the  forin  of  electricity. — There  have  been  numerous  schemes  proposed  for  utilizing 
the  power  of  the  falls  in  compressing  air  or  generating  electricity  for  light  and  power  at  a  distance.    This  is  not  a 

physical  impossibility,  and  Sir  William  Thompson  is  credited  with  the  statement  that  he  "looked  forward  to  the 
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falls  of  Niagara  being  extensively  used  for  the  production  of  light  and  mechanical  power  over  a  large  part  of  North 
America",  and  that  a  copper  wire,  half  an  incli  in  diameter,  would  transmit  21,000  horse-power  from  Niagnra  fo 
Montreal,  Boston,  New  York,  or  Philadelphia. 

A  great  disadvantage  of  this  method  of  transmission  appears  to  be  that,  as  yet,  there  is  an  immense  loss  of 
efiaciency  experienced  in  the  transition  of  the  electricity  into  power.  The  Brush  Electric  Light  and  Power  Company, 
of  Niagara,  is  considering  the  plan  of  extending  its  circuit  to  Buffalo,  and  in  this  case  the  disadvantage  would  not 
be  so  apparent,  as  whatever  was  realized  from  the  use  of  the  electricity  for  power  during  daylight  would  be  so 
much  clear  gain. 

In  other  schemes  that  have  been  devised,  results  have  been  anticipated  at  least  commensurate  with  the  fullest 
utilizing  of  the  whole  power  of  the  river. 

Leaving  now  the  sites  in  the  immediate  vicinity  of  the  village  of  Niagara  Palls,  there  are  yet  immense  capabilities 
undeveloped  along  the  American  side  of  the  river. 

From  the  condition  of  the  hydraulic  basin  it  is  seen  that  only  a  very  small  part  of  the  available  ])Ower  is  used, 
and  that  every  thing  is  ready  for  an  immediate  application  of  great  power. 

The  cliff  that  bounds  the  river  at  the  basin  extends  all  the  way  down  to  the  end  of  the  gorge  at  Lewistou.  and 
there  is  no  physical  reason  why  the  canal  should  not  be  extended  and  mills  built  all  iilong  the  river. 

There  was  a  bill  passed  by  the  legislature  of  New  York  in  1853  for  the  construction  of  a  ship-canal  around  the 
falls  to  lake  Ontario;  but,  owing  to  the  war,  attention  was  taken  from  the  project,  and  nothing  has  been  done.  In 
connection  with  it  was  a  scheme  for  utilizing  the  water  for  power  at  Lewiston  heights.  Mills  were  to  be  built  along 
the  heights,  tier  above  tier,  and  the  water  was  to  be  carried  to  them,  the  tail-race  of  one  becoming  the  head-race  of 
the  one  below,  until  a  great  manufacturing  city  was  built  up. 
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Boston,  Mass.,  June  1, 1882. 
Prof.  W.  P.  Trowbridge,, 

Columbia  College,  New  York  City. 

Sir  :  I  have  the  honor  to  submit  herewith  my  report  on  the  water-power  of  the  middle  Atlantic  water-shed  of 
the  United  States,  embracing  all  the  territory  drained  by  streams  flowing  into  the  Atlantic  ocean  from  the  Hudson 
to  the  Chowan,  not  inclusive. 

Following  your  directions,  I  have  traveled  over  the  region  referred  to  in  this  report,  but  necessarily  in  a  hasty 
mannerj  and  although  I  visited  many  of  the  larger  powers  in  order  to  form  an  idea  of  their  availability,  lack  of 
time  made  it  necessary  to  gather  the  facts  regarding  numerous  important  ones  by  oral  inquiry  or  by  correspondence. 
The  only  instrument  of  measurement  used  was  a  Locke  pocket-level,  and  in  some  cases  reliable  measurements  of 
fall  could  be  obtained,  while  in  others  this  was  impossible. 

In  preparing  the  report  I  have  freely  used  all  the  material  that  could  be  found,  and  am  especially  indebted  to 
the  reports  of  the  Chief  of  Engineers,  United  States  army,  and  to  various  state  documents  bearing  on  the  subject. 
I  am  also  indebted  to  numerous  private  individuals,  state  officers,  engineers,  railroad  officers,  and  others,  for 
valuable  information  and  advice,  and  particularly  to  the  officers  of  the  United  States  Engineer  Corps,  and  their 
assistants,  who  have  afforded  me  every  facility  possible.  My  obligations  are  so  many  that  it  would  be  invidious  to 
attempt  to  name  those  to  whom  my  thanks  are  specially  due. 

In  the  arrangement  of  this  report  I  have  followed  the  general  method  adopted  in  the  case  of  my  previous 
reports.  The  drainage  ai'eas  given  were  measured  in  a  few  cases  geometrically,  but  in  most  cases  with  the 
planimeter,  and  are  believed  to  be  quite  accurate.  They  agree  very  well  with  other  measurements  in  all  cases 
where  I  have  had  opportunity  to  compare  them. 

As  regards  the  estimates  of  power  available,  the  principles  discussed  in  my  former  report  have  served  as  a 
guide  here,  and  it  is  hoped  that  the  estimates  given,  although  they  can  not  pretend  to  absolute  accuracy,  will  be 
found  to  be  tolerably  close  approximations  to  the  truth.  I  am  well  aware  that  these  estimates,  as  well  as  those  given 
•in  the  report  on  the  New  England  water-sheds,  will  to  some  appear  overstrained.  It  may  be  thought  that  they 
present  a  semblance  of  accuracy  which  they  do  not  possess  and  which  no  estimates  can  possibly  possess.  In  regard 
to  a  quantity  so  variable  as  the  discharge  of  a  stream,  it  will  be  asked  whether  the  attempt  to  present  estimates  of 
four  different  states  of  flow  is  not  worse  than  nothing,  and  whether  it  is  not  a  needless  and  deceptive  refinement  to 
give  more  than  one  estimate.  I  am  conscious  of  these  objections,  and  my  reasons  for  having  given  estimates  as  I 
have  done  is  simply  this :  These  reports  will  in  all  probability  be  read  by  persons  who  are  not  engineers,  and 
whose  ideas  in  regard  to  flow  and  power  are  not  very  clear  or  definite,  and  general  statement^  would  very  likely  be 
misunderstood  by  such  persons.  The  very  fact  that  the  flow  of  a  stream  is  such  a  variable  and  fluctuating  quantity, 
and  that  the  amount  of  power  available  would  depend  upon  the  storage  reservoirs  which  might  be  constructed, 
as  well  as  upon  the  natural  flow  of  the  stream,  seemed  to  me  to  render  it  especially  important  to  leave  no  room  for 
misunderstanding  as  to  the  state  of  flow  referred  to  in  the  estimates  offered.  If  it  were  said,  for  instance,  that  the 
available  power  at  a  certain  place  varied  from  500  to  3,000  horse-power  according  to  the  state  of  the  water  and 
the  amount  of  storage  utilized,  that  statement  would,  it  seems  to  me,  be  of  little  value,  not  only  because  of  its 
indefiniteness,  but  because  even  to  those  who  might  understand  the  meaning  of  the  words,  it  would  give  no  idea  of 
the  way  in  which  the  variation  between  500  and  3,000  occurred,  and  how  much  was  due  to  storage  and  how  much  to 
fluctuations  in  the  natural  flow  of  the  stream.  It  seemed  essential,  then,  in  the  first  place,  to  give  a  separate  estimate 
of  the  maximum  power  available  with  storage.    In  regard  to  the  flow  and  power  without  storage  reservoirs,  the 
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question  arose:  Upon  what  state  of  flow  should  the  estimate  be  based?  To  determine  the  average  flow  during  the 
year,  or  the  low-season  flow  in  ordinary  or  dry  years,  a  series  of  gaugings  is  almost  a  necessity.  On  the  streams  in 
the  district  now  under  consideration,  however,  no  such  measurements  have  been  made,  and  the  only  gaugings  at  my 
disposal  were  some  measurements  made  on  a  few  streams  at  very  low  stages  of  the  water,  or  when  the  flow  was  nearly 
at  its  minimum.  Data  regarding  this  minimum  flow  being  the  most  numerous,  I  thought  it  would  be  well  to  tabulate 
these  data  (see  page  9  of  the  present  report,  and  pages  9  and  10  of  the  report  on  the  Kew  England  water-shed),  and  to 
give  estimates  of  the  minimum  flow  so  that  the  reader  could  see  how  they  were  arrived  at,  and  could  disagree  with  the 
figures  given  according  as  his  judgment  led  him  to  think  the  assumed  flow  per  square  mile  per  second  was  too  great 
or  too  small.  But  I  am  aware  of  the  fact  that  the  minimum  flow  is  not  the  most  important  quantity  so  far  as  water- 
power  is  concerned,  because  it  occurs  only  at  remote  periods  and  lasts  only  a  very  short  time ;  and  I  have  felt,  therefore, 
that,  in  addition  to  the  two  estimates  referred  to,  at  least  one  other  *was  desirable.  In  view  of  the  uncertainty 
attending  all  such  estimates,  and  the  large  error  to  which  they  are  liable,  it  would  perhaps  have  been  as  well  to  have 
given  an  estimate  simply  of  the  average  low-season  flow.  ,But  I  thought  that  I  could  make  the  subject  a  little  clearer, 
and  show  a  little  more  plainly  the  method  of  calculation  that  I  had  used,  by  giving  the  minimum  low-season  flow 
and  the  low-season  flow  in  dry  years  j  for  if  I  had  estimated  the  average  low-season  flow  I  should  have  had  to  do  it 
■  by  first  estimating  the  two  quantities  just  named,  and  adding  to  the  latter  of  them  one-fourth  to  one-third  of  itself. 
It  seemed  to  me  that  in  this  way  not  only  would  the  subject  be  made  clearer  and  the  estimates  more  definite, 
but  that  other  persons  would  have  better  facilities  for  forming  opinions  for  themselves  in  the  matter,  and  for 
disagreeing  with  me  intelligently  and  on  reasonable  grounds.  In  fine,  of  two  evils  I  chose  what  seemed  to  me  the 
lesser,  preferring  to  give  to  the  estimates  the  appearance  of  accuracy  which  they  do'not  possess,  rather  than  leave 
them  in  any  way  indefinite.  If  once  it  be  understood  that  they  are  presentednnerely  as  estimates — in  some  cases 
almost  guesses — that  they  make  no  pretensions  to  absolute  accuracy,  and  that,  although  some  of  the  estimates 
given  (as  the  minimum  low-season  flow  and  the  low-season  flow  in  dry  years)  differ  by  only  15  or  20  per  cent.,  either 
or  both  of  them  may  be  in  error  by  a  large  fraction  of  that  amount,  I  think  there  will  be  no  difficulty  and  no 
misunderstanding. 

The  fact  that  this  report  has  been  written  more  than  a  year  after  the  region  to  which  it  refers  was  visited,  will 
serve  to  explain  some  of  the  inaccuracies  which  it  will  be  found  to  contain.  liTot  only  will  changes  be  found  to  have 
occurred  in  the  mean  time,  but  when  so  long  a  time  elapses  circumstances  lose  their  freshness  in  the  mind,  and  many 
things  would  no  doubt  have  been  presented  in  a  clearer  manner  if  the  report  had  been  written  immediately  after 
the  region  was  visited.  Some  omissions  will  be  found  in  the  report,  and  lack  of  completeness  in  many  instances; 
and  while  this  is  due  in  some  cases  to  the  fact  that  the  time  was  not  sufficient  to  allow  of  the  necessary  information 
being  obtained,  it  is  for  the  most  part  due  to  the  fact  that  the  attempt  to  obtain  it  was  unsuccessful.  The  interest 
in  the  subject  seems  to  be  less  in  the  district  covered  by  this  report,  as  a  whole,  than  in  the  more  northerly  states, 
and,  as  a  rule,  it  was  more  difficult  to  obtain  the  desired  information.  In  some  cases  it  was  found  to  be  absolutely 
impossible  to  obtain  by  correspondence  the  statistics  desired. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

GEOEaB  F.  SWAIN, 

Special  Agent. 
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Having  completed  the  description  of  the  streams  draining  the  New  England  water-shed,  we  proceed  to  discuss 
those  draining  the  middle  states.  We  begin,  as  before,  by  describing  the  general  character  of  the  region  under 
consideration,  after  which  each  stream  will  be  separately  considered. 

GENEEAL  OHAEACTEEISTICS. 

1. — Area  and  form. 

The  area  included  in  the  district  under  consideration,  comprising  the  region  drained  by  all  the  streams  flowing 
into  the  Atlantic  between  the  Hudson  and  the  Chowan,  measures  in  all  about  84,300  square  miles,  and  is  distributed 
approximately  as  foUows  among  ^he  different  states: 

Square  miles! 

Virginia 23,600 

West  Virginia ^. 3,700 

Maryland 10,700 

District  of  Colnmbia 64 

Delaware 2,120 

Pennsylvania 27,600 

New  Jersey 7,400 

New  York • 9,076 

Total 84,260 

This  area  lies  between  the  parallels  of  37°  and  43°  north  latitude,  and  the  meridians  of  74°  and  80°  west 
longitude,  approximately.  In  shape,  it  is  a  strip  lying  along  the  Atlantic,  with  an  average  width  perpendicular 
to  the  coast  of  from  225  to  240  miles,  and  bounded  on  the  west  by  an  irregular  line  forming  the  watershed  between 
the  streams  flowing  directly  into  the  Atlantic  and  those  flowing  west  or  north  into  the  Mississippi  and  the  Saint 
Lawrence.  This  western  boundary-line  is  rather  more  irregular  than  in  the  case  of  the  southern  Atlantic  water- 
shed, and  topographically  the  two  differ  considerably,  as  will  presently  be  seen.  The  coast-line,  too,  is  much  more 
irregular  and  indented  than  in  the  case  of  the  southern  Atlantic  water-shed,  and  although  its  general  direction  is 
about  north-northeast,  yet  its  outline  is  broken  at  every  step  by  arms  of  the  sea  and  extensive  bays  which  penetrate 
the  land  to  a  considerable  distance. 

2. — G-EOGEAPHICAL  AND   CONTINENTAL   POSITION. 

Like  the  New  England  water-shed  and  the  southern  Atlantic  water-shed,  the  middle  Atlantic  water-shed  lies  in 
the  north  temperate  zone,  and  the  prevailing  winds  in  all  are  the  return  trades  from  the  southwest.  But  as  we  go 
toward  the  north  within  the  district  considered,  we  gradually  escape  more  and  more  from  the  influence  of  these 
winds,  and  those  from  other  points  of  the  compass  become  more  common.  As  in  the  New  England  states,  the 
winds  from  the  east  and  southeast  are  maritime,  and  come  laden  with  moisture  from  the  ocean ;  but  here  the  winds 
from  the  southwest,  and  even  those  from  the  south,  have  passed  over  large  extents  of  country,  and  have  discharged 
their  load  of  moisture  to  a  considerable  extent,  so  that  they  do  not  partake  of  the  character  of  sea- winds  as  much 
as  in  the  case  of  the  states  farther  north  or  south.  That  the  influence  of  the  gulf  of  Mexico  on  the  region  considered 
is  here  not  of  so  much  importance  as  regards  rain  and  moisture  as  in  the  states  farther  south  may  be  seen  plainly 
from  the  Smithsonian  charts  showing  the  distribution  of  rainfall,  in  which  the  long  finger-like  projections  extending 
from  the  Gulf,  and  indicating  a  large  rainfall,  show,  by  the  fact  that  they  do  not  extend  into  the  Atlantic  states 
north  of  North  Carolina,  that  the  moisture  in  those  states  is  derived  principally  from  the  Atlantic ;  and  in  fact, 
we  see  along  the  coast  a  large  rainfall,  which  diminishes  quite  steadily  as  we  proceed  inland,  being  even  less  in  the 
mountains  than  on  the  immediate  sea- board;  while  in  the  southern  states  we  shall  see  that  the  rainfall  is  greatest 
in  the  mountains,  because  the  principal  carriers  of  moisture,  the  warm  southwest  winds  from  the  Gulf,  blowing 
parallel  with  the  mountains,  of  course  part  with  more  of  their  burden  in  the  mountains  than  in  the  lower  lands. 
In  the  region  we  are  now  considering  the  principal  carriers  of  moisture,  the  winds  from  the  southeast,  blow  nearly 
at  right  angles  with  the  mountains,  instead  of  nearly  parallel  to  them,  and  as  the  mountains  are  not  high,  and  as 
they  approach  near  to  the  coast  in  the  northern  and  middle  parts  of  the  region,  the  rainfall  diminishes  from  the 
coast  inland  quite  uniformly.  519—1 
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The  region  now  to  be  considered  is  bounded  on  the  east  by  the  ocean,  on  the  west  by  the  Alleghany  mountains^ 
on  the  south  by  the  water-shed  between  the  drainage-basins  of  the  James  and  the  Eoanoke  and  Chowan,  and  on  the 
north  by  that  between  the  drainage  basins  of  the  Hudson  and  the  great  lakes,  and  those  of  the  streams  flowing 
into  Delaware,  Chesapeake,  and  Newark  bays. 

3.— Topography. 

In  describing  the  topography  of  this  region  it  will  be  convenient,  now  that  we  have  completed  the  study  of  the 
rather  detached  New  England  water-shed,  to  call  attention  to  the  general  structure  of  the  Appalachian  mountain 
system,  and  to  the  changes  in  its  general  features  in  different  parts,  and  to  contrast  the  region  we  are  about  to 
consider  with  that  already  discussed,  and  with  the  southern  Atlantic  water-shed. 

The  region  under  consideration,  as  well  as  that  comprising  the  southern  Atlantic  water-shed,  may  be 
topographically  divided  into  three  quite  distinct  divisions,  which  we  shall  call  the  eastern,  the  middle,  and  the 
western.  The  former  extends,  in  the  middle  Atlantic  states,  from  the  coast  inland  to  the  head  of  tide-water  and 
navigation  on  the  rivers,  its  western  boundary  being  a  line,  which  we  may  call  the  fall-line,  and  which  marks  the 
geological  boundary  between  the  Cretaceous  and  later  deposits  which  lie  between  it  and  the  coast,  and  the  older 
geological  formations  which  lie  to  the  west.  It  is  the  most  easterly  line  of  outcrop  of  the  older  rocks,  and  marks 
the  last  considerable  fall  on  the  rivers.  In  the  southern  states  it  passes' through  Columbus,  Georgia;  Columbia, 
South  Carolina,  Eocky  Mount  and  Weldon,  North  Carolina,  here,  however,  being  some  distance  above  the  head  of  tide- 
water, and  often  of  navigation;  and  it  may  be  traced  northward  quite  through  the  district  now  under  consideration. 
Passing  in  Virginia  through  Petersburg,  Eichmond,  and  Fredericksburg,  it  skirts  the  Potomac  between  the  latter 
point  and  Washington,  and,  crossing  it  at  a  point  some  10  miles  above  the  national  capital,  it  continues  in  a 
northeasterly  direction,  remaining  nearly  parallel  to  the  shore  of  Chesapeake  bay,  crossing  the  Patapsco  a  little 
above  Baltimore,  and  the  Susquehanna  near  the  state  line ;  then,  bending  slightly  to  the  east,  it  crosses  the 
northern  part  of  the  state  of  Delaware,  and  follows  the  west  bank  of  the  Delaware  river  up  to  the  great  bend  at 
Trenton,  where  it  crosses  it.  Beyond  this  point  it  is  not  very  prominent,  but  extends  almost  in  a  straight  line 
between  Trenton  and  Jersey  City,  crossing  the  Earitan  near  the  town  of  New  Brunswick,  and  the  Hudson  at  its 
mouth,  being  there,  however,  entirely  without  influence  as,regards  water-power.  It  will  be  seen,  then,  that  the 
eastern  division,  which  in  the  southern  Atlantic  states  is  a  broad  plain  from  100  to  140  miles  wide,  gradually  contracts 
in  width  toward  the  north  until  it  nearly  disappears  at  the  mouth  of  the  Hudson  and  in  the  northern  part  of  the 
state  of  New  Jersey;  and  th*e  same  will  be  seen  to  be  the  case  with  the  middle  division. 

But  although  the  eastern  division  becomes  narrower  toward  the  north,  its  slope  does  not  vary  to  the  same 
extent,  becoming  only  slightly  greater;  and,  as  a  consequence,  the  fall-line  approaches  nearer  and  nearer  to 
navigable  waters,  until,  when  we  reach  the  region  we  are  discussing,  we  find  throughout  its  whole  length  the  fall- 
line  at  the  head  of  navigable  waters  and  at  the  head  of  tide- water,  both  navigation  and  tide  being  checked  by  the 
falls  in  the  rivers  at  their  crossing  with  that  line.  The  eifect  of  this  circumstance,  in  bringing  the  water-powers  on 
the  fall-line  nearer  to  transportation  by  sea,  is  of  great  importance. 

Geologically,  the  eastern  division  preserves  essentially  the  same  character  throughout  its  whole  extent.  The 
soil  consists  of  sand  and  clay,  and  the  large  rivers  afford  no  water-power  in  that  part  of  their  course  lying  within  it^ 
although  some  of  the  smaller  tributaries,  and  some  of  the  smaller  streams  flowing  directly  into  the  sea,  afford,  in 
some  cases  very  good  power  and  belong  to  the  class  of  sand-hill  streams.  As  already  incidentally  remarked,  the 
slope  of  the  ground  s§ems  to  increase  somewhat  toward  the  north,  and  the  coasts  are  not  bordered  by  swamps  and 
lowlands  to  such  an  extent  as  in  the  southern  states ;  so  that,  as  we  shall  see  in  the  case  of  some  of  the  streams  in 
New  Jersey,  in  some  cases  fine  water-powers  are  obtained.,  by  damming,  within  a  very  few  miles  of  the  coast. 

As  regards  the  area  of  this  division,  it  includes  approximately  two-elevenths  of  the  state  of  Virginia,  or  about 
7,500  square  miles;  nearly  two-thirds  of  the  state  of  Maryland,  or  about  7,850  square  miles;  the  entire  District  of 
Columbia;  about  nine-tenths  of  the  state  of  Delaware,  or  about  1,900  square  miles,  and  six-tenths  of  the  state  of 
New  Jersey,  or  about  4,600  square  miles.    Its  area  in  Pennsylvania  and  New  York  is  too  small  to  be  mentioned. 

Before  describing  the  middle  division,  it  will  be  best  to  consider  the  principal  facts  relating  to  the  general 
structure  of  the  Appalachian  mountain  chain  and  the  character  of  the  western  division.  For  most  of  the  following 
notes  and  quotations  I  am  indebted  to  Professor  Guyot's  article  on  "The  Appalachian  Mountain  System",  in  the 
American  Journal  of  Science  and  Arts,  1861. 

This  great  system  of  mountains,  which  extends  in  an  undulating  line  for  a  distance  of  1,300  miles,  from  the 
gulf  of  Saint  Lawrence  to  the  state  of  Alabama,  is  composed  of  a  number  of  sensibly  parallel  chains  in  the  eastern 
part,  and  of  an  extended  plateau  in  the  west,  which  gradually  descends  to  the  valleys  of  the  great  lakes  and  of  the 
Ohio  and  Saint  Lawrence  rivers.  The  Atlantic  plain,  which  extends  from  the  base  of  the  mountains  to  the  Atlantic 
ocean,  and  includes  what  we  have  called  the  middle  and  eastern  divisions,  has  a  width  in  New  England  of  about 
50  miles,  almost  vanishes  near  the  mouth  of  the  Hudson,  and  stretches  out  to  a  breadth  of  over  200  miles  in  the 
southern  states;  and  as  its  slope  does  not  vary  much,  the  elevation  of  the  base  of  the  mountains  rapidly  increases 
toward  the  south  and  north,  starting  at  the  Hudson— being  from  300  to  500  feet  in  New  England,  almost  nothing 
about  the  bay  of  New  York,  from  100  to  300  feet  in  Pennsylvania,  about  500  in  Virginia  near  the  James  river,  and 
between  1,000  and  1,200  in  the  southern  part  of  North  Carolina.  On  the  west,  the  plateau  above  referred  to,  and 
which  may  be  considered  th«  base  of  the  mountains,  has  a  general  elevation  of  about  1,000  feet. 
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The  mountains  present  three  remarkable  characteristics:  The  first  is  that,  as  aheady  remarked,  tbej'  are 
composed  of  a  series  of  nearly  parallel  chains,  often  very  regular  and  uniform;  and  that  "in  the  same  part  of 
the  system  the  general  height  of  the  chains  is  sensibly  equal",  their  summits  showing  neither  many  nor  deep 
notches.  Especially  in  Pennsylvania  and  New  Jersey,  the  ridges  "present  the  appearance  of  long  and  continuous 
walls,  the  blue  summits  of  which  trace  along  the  horizon  a  uniform  line  seldom  varied  by  any  peaks  or  crags.  In 
the  extreme  northern  and  southern  portions,  however,  this  character  is  considerably  modified.  There  the  system 
loses  very  much  of  its  uniformity,  and  its  physical  structure  becomes  far  more  complicated ;  tbe  form  of  simple 
parallel  ridges  almost  entirely  disappears  "- 

The  second  prominent  feature  of  the  system  is  "its  well-marked  division  into  two  longitudinal  zones  of  elevation, 
one  turned  toward  the  shores  of  the  Atlantic,  in  which  the  form  of  parallel  chains  just  spoken  of  predominates, 
and  the  other  turned  toward  the  interior,  which  is  composed  of  elevated  and  continuous  plateaus",  occasionally 
wrinkled  by  minor  chains  parallel  to  those  on  the  east. 

The  third  prominent  feature  is  the  existence,  in  the  region  of  corrugations,  of  a  "large  central  valley  which 
passes  through  the  entire  system  from  north  to  south,  forming,  as  it  were,  a  negative  axis  through  its  entire  length". 
This  valley,  known  as  the  Great  Appalachian  Valley,  is  occupied  in  the  north  by  lake  Champlain  and  the  Hudson 
river;  in  Pennsylvania  it  is  known  as  the  Kittatinny  or  Cumberland  valley,  and  is  occupied  by  the  tributaries  of 
the  Susquehanna,  and  in  part  by  the  main  river;  in  Virginia  it  is  the  great  valley  occupied  by  the  Shenandoah  and 
some  tributaries  of  the  James;  and  still  farther  south  it  is  the  great  valley  of  East  Tennessee,  occupied  by  branches 
of  the  Tennessee. 

At  the  northeast  and  at  the  center  its  average  breadth  is  15  miles ;  it  contracts  in  breadth  toward  the  sonth  in  Virginia,  but  reaches 
its  greatest  dimensioos  in  Tennessee,  where  it  measures  from  50  to  60  miles  in  breadth.  The  chain,  more  or  less  compound,  which  borders 
this  great  valley  toward  the  southeast  is  the  more  continuous,  and  extends  without  any  great  interruption  from  Vermont  to  Alabama.  In 
Vermont  it  bears  the  name  of  Green  mountains,  which  it  retains  to  the  borders  of  New  York;  in  the  latter  state  it  becomes  the  Highlands; 
in  Pennsylvania,  the  South  mountains;  in  Virginia,  the  Blue  ridge;  in  North  Carolina  and  Tennessee,  the  Iron,  Smoky,  and  Unaka 
mountains.  On  the  northeast  of  the  Great  Valley,  between  the  Isitter  and  the  borders  of  the  plateau  parallel,  there  extends  a  middle 
zone  of  chains  separated  by  narrow  valleys,  the  more  continuous  of  which  is  tbe  range  which  bounds  the  central  valley.  This  zone  has 
a  variable  breadth  in  different  pax-ts  of  the  system,  and  the  number  of  chains  which  compose  it  is  by  no  means  uniform  throughout. 

As  we  proceed  from  the  coast  inland,  therefore,  we  cross  first  the  Atlantic  plain,  then  the  chain  bounding  the 
Great  Valley  on  the  east,  with  parallel  ridges  and  longitudinal  valleys,  then  the  Great  Valley,  and  finally  the  chain 
beyond,  also  with  parallel  ridges  and  longitudinal  \'alleys,  but  irregular  in  structure. 

The  above  are  the  general  features  common  to  the  Appalachian  system  through  its  entire  length,  but  it  may  be 
divided  from  north  to  south  into  three  divisions  presenting  very  remarkable  differences  in  structure.  The  most 
northerly  of  these,  extending  south  as  far  as  the  deep  vallej's  of  the  Hudson  and  the  Mohawk,  which  cut  through 
the  system  to  its  base  and  across  its  entire  breadth,  need  not  here  be  considered,  as  it  falls  without  the  territory  to 
be  specially  described.  The  middle  division,  which  is  about  450  miles  in  length,  extends  from  the  valley  of  the 
Hudson  and  Mohawk  on  the  north  to  the  New  river,  in  Virginia,  on  the  south ;  while  the  third  or  most  southerly 
division  comprises  the  remainder  of  the  system.  In  the  middle  division  the  region  of  parallel  chains,  "at  first  very 
narrow  about  New  York,  presents  toward  the  center,  in  Pennsylvania,  its  greatest  breadth,  which  again  diminishes 
toward  the  south.  It  is  composed  of  a  considerable  number  of  chains  much  curved  toward  the  west,  and  remarkable 
for  their  regularity,  their  parallelism,  their  abrupt  acclivities,  the  almost  complete  uniformity  of  their  summits,  and 
their  moderate  elevation,  both  relative  and  absolute,  which  varies  from  800  and  1,500  to  2,500  feet.  The  chains, 
however,  increase  in  elevation  toward  the  south,  while  they  become  more  numerous  and  more  indented.  In  the 
peaks  of  Otter,  in  Virginia,  they  attain  to  4,000  feet"-  The  plateau  region  west  of  the  mountains  is  quite  narrow 
in  the  southern  part,  but  very  wide  in  the  north.  Its  high  terraces  occupy  all  the  state  of  New  York  south  of  the 
Mohawk,  a  considerable  part  of  Pennsylvania,  and  culminate  in  the  plateaus  in  the  neighborhood  of  lake  Erie, 
where  the  mean  altitude  of  the  plateau  reaches  2,000  feet,  the  valleys  preserving  a  height  of  1,500  feet,  while  the 
hills  reach  2,600  feet. 

This  table-land  forms  a  remarkable  water-shed,  from  which  the  waters  descend  by  the  Susquehanna  into  the  valley  of  the  Chesapeake 
and  the  Atlantic  ocean,  by  the  Genesee  and  Saint  Lawrence  to  the  same  ocean,  and  by  the  Alleghany  and  Ohio  to  the  gulf  of  Mexico. 
The  Susquehanna  thus  starts  from  lake  Erie  at  the  extreme  western  border  of  the  plateau,  and  runs  across  all  the  Appalachian  system 
and  its  mountain  ranges  to  its  eastern  base.  More  to  the  southward  the  eastern  escarpment  of  the  plateau  divides,  as  far  as  the  sources 
of  the  Potomac,  the  waters  of  the  Atlantic  coast  from  those  of  the  gulf  of  Mexico.  It  is  the  same  escarpment  which  bears  the  local  name 
of  Allegheny  mountain,  a  name  which  continues  to  be  applied,  south  of  the  waters  of  the  Potomac,  to  the  dividing  ridge  along  the  sources  of 
the  various  branches  of  the  James  river,  and  even  to  the  irregular  hills  which  form  a  water-shed  between  the  w.aters  of  the  upper  Eoanoke 
and  the  New  river,  across  the  Great  Valley,  near  Christiansburg.  Through  all  this  middle  region  the  name  of  "  Blue  ridge"'  is  applied 
to  the  main  eastern  chain  which  separates  the  Great  Valley  from  the  Atlantic  slope,  and  which  is  out  by  all  the  rivers  which  flow  out  of  it. 

The  southern  division,  from  New  river  to  the  extremity  of  the  system,  is  much  the  most  remarkable  for  the  diversity  of  its  physical 
structure  and  its  general  altitude.  Even  the  base  upon  which  the  mountains  repose  is  considerably  elevated,  and  in  the  interior  of  the 
mountain  region  the  deepest  valleys  retain  an  altitude  of  from  2,000  to  2,700  feet. 

From  the  dividing  lino  in  the  neighborhood  of  Christiansburg  and  the  great  bend  of  New  river  the  orographic  and  hydrographic 
relations  undergo  a  considerable  modification.  The  direction  of  the  principal  parts  of  the  system  is  also  somewhat  changed.  The  main 
chain  which  borders  the  Great  Valley  on  the  east,  and  which  more  to  the  south,  under  the  name  of  the  ' '  Blue  ridge  ",  separates  it  from  the 
Atlantic  j^lain,  gradually  deviates  toward  the  southwest.  A  new  chain  attached  on  the  east,  and  curving  a  little  more  to  the  south,  takes 
now  the  mime  of  "Blue  ridge".     It  is  this  lofty  chain,  the  altitude  of  which,  in  its  more  elevated  groups,  attains  gradually  to  5,000  and 
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5,800  feet,  -which  divides  in  its  turn  the  waters  running  to  the  Atlantic  from  those  of  the  Mississippi.  The  line  of  separation  of  the  eastern 
and  the  western  waters  which,  to  this  point,  follows  either  the  central  chain  of  the  AUeghanies  or  the  western  horder  of  the  table-land 
region,  passes  now  suddenly  to  the  eastern  chaiu,  upon  the  very  border  of  the  Atlantic  plain.  The' reason  is  that  the  terrace  which  forms 
the  base  of  the  chains,  and  the  slope  of  which  usually  determines  the  general  direction  of  the  water-courses,  attains  here  its  greatest 
elevation  and  descends  gradually  toward  the  northwest.  The  base  of  the  interior  chain  which  runs  alongside  the  Great  Valley  is  thus 
ilepressed  to  a  lower  level;  and  though  the  chain  itself  has  an  absolute  elevation  greater  than  that  of  the  Blue  ridge,  the  rivers  which 
descend  from  the  summits  of  this  last  flow  to  the  northwest  toward  the  great  central  valley,  which  they  only  reach,  in  southern  Virginia 
.ind  North  Carolina,  by  first  passing  across  the  high  chain  of  the  Unaka  and  Smoky  mountains,  through  gaps  of  3,000  or  4,000  feet  in  depth. 

The  fact  just  alluded  to,  namely,  that  south  of  the  state  of  Virginia  the  water-shed  separating  the  streams 
flowing  into  the  Atlantic  from  those  flowing  into  the  gulf  of  Mexico  is  on  the  extreme  eastern  edge  of  the  mountains, 
is  of  the  greatest  importance  as  affecting  the  character  of  the  rivers.  The  Eoanoke  is  the  most  southerly  stream 
flowing  into  the  Atlantic  which  has  its  sources  really  in  the  mountains  or  beyond  the  first  ridge.  The  James  and 
the  Potomac  rise  in  the  western  part  of  the  system,  their  tributaries  drain  the  narrow  and  parallel  valleys  between 
the  ranges  of  mountaiiis  comprising  the  system,  and  they  themselves  break  through  these  ranges  one  after  another, 
flowing  alternately  through  narrow  gaps  and  meandering  through  the  intervening  valleys,  reaching  at  last  the  true 
Atlantic  plain;  while  the  Susquehanna  and  the  Delaware  take  their  rise  quite  beyond  the  mountains  proper,  on  the 
plateau  which  bounds  them  on  the  west  and  northwest,  and  cut  through  the  entire  system  to  reach  the  ocean.  But 
the  streams  south  of  the  Eoanoke,  which  will  be  described  in  the  following  report,  have  their  sources  simply  on 
the  eastern  slope  of  the  mountains,  do  not  dra-in  the  parallel  valleys  lying  between  the  ranges,  but  are  confined 
altogether  to  the  true  Atlantic  slope.  And  it  follows  from  this  at  once  that  in  the  case  of  the  former  streams  the 
mountain  or  western  division  of  their  drainage  basins  is  much  the  most  important  of  the  three  divisions  we  have 
distinguished,  while  the  middle  division  is  of  not  so  much  importance;  while  iu  the  case  of  the  more  southerly 
streams  the  mountain  region  is  unimportant  compared  with  the  middle  division.  But  the  change  in  this  respect 
is  of  course  gradual,  and  we  shall  find  that  in  the  case  of  the  James  and  in  that  of  the  Potomac  the  middle  division 
is  still  as  important  as  any  of  the  three.  The  effect  of  the  character  just  alluded  to  on  the  flow  of  the  streams  is 
of  course  very  difficult  to  take  into  account,  but  some  remarks  concerning  it  will  be  found  farther  on. 

The  preceding  quotations  from  Professor  G-uyot  will  serve  to  give  an  excellent  idea  of  the,  character  of  the 
western  or  mountain  region  of  the  district  to  be  considered.  In  regard  to  its  elevation,  the  mountains  rise  from 
a  height  of  800  or  1,000  feet  near  New  York  to  6,000  feet  and  over  in  North  Carolina,  while  the  Great  Valley  ascends 
in  a  similar  way  from  a  height  of  50  or  150  feet  to  2,000  feet  and  over,  and  the  Atlantic  plain  at  the  base  of  the 
mountains  from  50  feet  or  so  to  1,200  feet. 

The  following  table  of  elevations  along  the  Great  Valley  will  show  its  rise  very  plainly  : 

Feet. 

Great  Valley  at  Easton,  on  the  Delaware  river,  Pennsylvania 159 

Great  Valley  near  Leesport,  on  the  Schuylkill  river,  Pennsylvania >. 250 

Great  Valley  at  Harrisburg,  on  the  Susquehanna  river,  Pennsylvania 305 

■  Great  Valley  near  Chambersburg,  on  Conococheague  creek,  Pennsylvania 600 

Great  Valley  at  Shepherdstown,  on  the  Potomac  river,  AVest  Virginia , 280 

Great  Valley  at  Port  Republic,  on  the  Shenandoah  river,  Virginia 1,039 

Great  Valley  at  Lexington,  on  the  North  river,  Virginia 894 

Great  Valley  at  Salem,  on  the  Staunton  river,  Virginia.- 1,070 

Great  Valley  at  Newbern,  in  the  valley  of  the  New  river 2,065 

Great  Valley  at  Mount  Airy  ridge,  highest  point  near  the  sources  of  the  Holston  river  (a) 2, 595 

South  of  this  point  the  elevation  decreases,  sinking  to  675  feet  at  Chattanooga. 

Of  the  region  draining  into  the  Atlantic,  the  following  are  the  areas  in  the  different  states  which  may  be  said 
to  belong  to  the  western  or  mountainous  division  : 

Square  miles. 

Virginia 6,630 

West  Virginia 3  700 

Maryland 1,175 

Pennsylvania 27,500 

New  Jersey .., 1,300 

New  York 9,076 

Total 49,381 


With  regard  to  the  middle  division,  lying  between  the  fall-line  and  the  base  of  the  mountains,  little  is  to  be 
said.  Its  width  increases  toward  the  south  from  about  15  miles  in  New  Jersey  to  120  or  more  in  the  southern 
part  of  Virginia,  and  its  area  may  be  stated  approximately  as  follows : 

Square  milea. 

New  Jersey '. 1,550 

Pennsylvania 100± 

Delaware ' 80 

Maryland ^ 2,425 

Virginia 9,525 

Total 13,680 

a  Guyot, 
522 


THE  MIDDLE  ATLANTIC  WATER-SHED.  5 

Its  elevation  above  tide  at  the  fall-line  is  zero,  and  at  the  base  of  the  mountains,  as  we  liave  seen,  fioni  50  to 
500  feet.  Its  slope  varies,  therefore,  from  about  3  to  5  feet  per  mile.  Like  the  middle  region  of  the  southern  states, 
it  comprises  a  region  varying  insensibly  from  the  flat  eastern  division  to  the  mountainous  western  one.  The  streams, 
in  their  course  through  the  middle  region,  offer,  as  in  the  case  of  those  farther  south,  many  good  sites  for  power. 
They  are  naturally  navigable  only  up  to  the  fall-line,  but  above  that  line  some  of  them  have  been  improved  by 
locks,  dams,  and  canals,  carrying  water  communication  far  inland.  It  i.s  not  true  here,  however,  as  it  will  be  found 
to  be  in  the  states  farther  south,  that  almost  all  of  the  utilized  or  available  wrater-power  is  in  this  section ;  on  the 
contrary,  the  great  extent  of  the  western  district,  and  the  fact  that  the  streams  flowing  through  it  are  often  large, 
render  the  facilities  for  power  often  better  in  the  latter  than  in  the  middle  division,  and  a  considerable  amount  of 
power  is  used  and  available  in  it. 

Another  very  important  topographical  feature  connected  with  the  region  we  are  considering  is  the  fact  that  the 
facilities  for  storage  are  excellent  in  most  parts  of  it.  In  the  more  southerly  states  the  streams,  not  penetrating 
the  mountains,  flow  through  comparatively  wide  valleys,  and  are  bordered  with  fertile  bottom-lands,  sometimes 
overflowed  in  freshets,  and  which  could  not  be  flooded  iiermauently  without  withdrawing  from  cultivation  some  of 
the  most  valuable  of  farming-lands.  Here,  however,  the  streams  penetrate  the  mountains,  and  flow  through  the 
longitudinal  valleys  between  the  parallel  ranges  often  with  a  small  fall;  offering  therefore  facilities  for  damming 
and  constructing  storage  reservoirs  of  tolerably  large  extent,  without  the  necessity  of  such  expensive  dams  as 
would  be  necessary  farther  south,  and  without  flooding  so  much  valuable  land.  And  not  only  are  there  many 
sites  where  artificial  reservoirs  could  be  constructed,  but  there  exist  in  many  parts  of  the  region  numerous  lakes 
and  ponds  which  contribute  in  a  very  efBcient  manner  to  render  the  flow  of  the  streams  more  uniform,  and  thus  to 
make  the  water-power  more  valuable.  The  northeastern  part  of  Pennsylvania,  along  the  courses  of  the  D,^laware 
and  the  Susquehanna,  is  dotted  with  lakes;  and  there  are  a  number  in  New  York  and  New  Jersey.  Toward  the 
south  they  diminish  in  number,  and  south  of  the  Susquehanna  there  is  not  one  in  the  entire  region  considered. 

Finally,  attention  may  once  more  be  called  to  the  effect  of  the  topography  of  this  region  on  the  facilities  for 
transportation.  On  account  of  the  many  bays  which  indent  the  coast,  as  well  as  the  narrowness  of  the  eastern 
district,  sea-going  vessels  can  often  ascend  even  to  the  fall-line,  and  the  water-powers  are  thus  q  uite  favorably 
situated  as  regards  transportation  by  sea;  and  the  fact  that  the  middle  Atlantic 'water-shed  lies  principally  in  the 
western  or  mountain  district,  and  belongs  to  the  region  of  narrow  valleys  and  parallel  ranges  of  hills,  has,  as  will 
repeatedly  be  seen,  an  important  effect  on  transportation  by  land;  for  while  in  the  middle  states  the  topography 
is  such  that  the  best  and  often  the  only  practicable  location  for  railroads  is  along  the  streams  in  the  valleys,  so 
that  the  water-powers  are  generally  easily  accessible,  in  the  southern  states  it  is  often  most  economical  to  locate 
the  roads  along  the  divides,  and  many  of  the  southern  roads  are  in*  fact  so  located  (as  a  glance  at  the  map  will 
show),  the  water-powers  being  therefore  often  many  miles  from  transportation. 

4. — Geology,  soils,  and  foebsts. 

So  far  as  the  influence  of  the  geology  on  the  water-power  is  concerned,  it  will  be  sufficient  to  mention  briefly 
a  few  points.  As  regards  the  eastern  division,  it  belongs  to  the  Cretaceous,  Tertiary,  and  later  formations,  and  the 
soil  is  clay,  sand,  and  marl.  This  division  does  not  differ  essentially  in  this  respect  from  the  corresponding  part  of 
the  southern  Atlantic  states,  and  it  affords  a  number  of  sand-hill  streams,  as  we  may  call  them.  In  the  middle 
and  western  divisious  the  deposits  are  of  an  earlier  age,  and  belong  to  the  Azoic,  Paleozoic,  Triassic,  and  other 
formations.  Some  parts  of  the  middle  division  lie  in  a  belt  of  red  sandstone  which  is  intersected  by  numerous  trap 
ridges,  and  this  feature  has  an  important  bearing  on  the  water-power,  for  where  a  stream  crosses  one  of  these  trap 
ridges  it  is  very  apt  to  produce  a  jirominent  water-power,  and  some  of  the  largest  powers  in  the  region  are  formed 
in  this  way. 

One  of  the  most  important  geological  facts  which  we  have  to  consider,  and  one  in  regard  to  which  the  middle 
states  stand  in  contrast  with  the  southern  states,  is  that  over  the  whole  northern  part  of  the  region  is  scattered 
glacial  drift,  occurring  in  thick  layers  in  many  of  the  valleys,  forming  the  bed  of  most  of  the  streams,  and  covering 
the  rock  in  some  places  to  a  depth  of  several  hundred  feet.  These  drift  deposits  are  found  as  far  south  as  the 
southern  part  of  Pennsylvania,  but  not  beyond.  South  of  this  limit  comes  a  transition  region'  between  the  northern 
glacial  region  and  the  southern  non-glacial  one,  in  which  extensive  beds  of  gravel  and  sand  still  occur,  and  in  which 
the  streams  flow  with  quite  uniform  declivities  and  are  broken  by  but  few  precipitous  falls.  Flowing  over  such  beds 
of  drift  or  movable  material,  the  natural  tendency  is  for  the  streams  to  even  out  their  beds,  and  to  bring  down 
detritus  from  above  to  fill  up  deep  places  below ;  and  the  result  is  that  many  of  the  streams  which  we  shall  have  to 
describe  offer  no  falls  whatever,  but  flow  entirely  in  beds  of  gravel  and  sand  and  with  uniform  slopes;  while  those 
of  the  southern  states,  as  we  shall  see,  offer  numerous  sites  where  they  fall  abruptly  a  considerable  distance  over 
ledges  of  rock.  But  we  shall  also  see  that  even  these  streams,  although  the  material  of  their  beds  is  not  so  movable 
as  sand  and  gravel  or  drift  would  be,  are  nevertheless  gradually  attacking  their  banks  and  beds,  and  bringing 
down  from  the  fields  and  the  mountains  detritus  and  silt,  with  which  they  are  little  by  little  filling  up  the  falls  and 
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evening  out  their  beds  to  a  uniform  slope;  and  that  this  result  is  hastened  in  some  cases  by  the  influence  of  man. 
(See  description  of  the  Pacolett,  Enoree,  and  Tiger  rivers,  South  Carolina,  in  the  report  on  the  southern  Atlantic 
water- shed.) 

The  soil  of  the  middle  states,  except  where  thick  beds  of  drift  occur,  is  generally  not  so  deep  as  in  the  southern 
states,  but  it  is  rather  more  pervious.  It  does  not  shed  quite  so  rapidly  the  water  falling  on  it,  neither  does  it, 
when  once  saturated^  part  with  its  water  quite  so  easily  as  the  soil  in  the  southern  states. 

As  regards  forests,  I  have  no  accurate  data  regarding  the  proportion  of  woodland  in  the  different  states 
beyond  the  table  which  will  be  found  in  the  report  on  the  southern  Atlantic  water-shed,  page  10,  to  which  I  must 
therefore  refer.  The  middle  states  are  doubtless  much  less  thickly  wooded  than  the  southern  states,  and  in  fact 
the  only  Atlantic  state  which  equals  them  in  the  proportion  of  woodland  seems  to  be  Maine.  It  must  be  remarked, 
however,  that  in  the  southern  states  a  large  proportion  of  the  woodland  probably  occurs  in  the  flat  eastern  division 
where  there  is  no  water-power,  comprising  the  extensive  cypress  and  pine  forests  which  occur  there,  and  which 
have  no  effect  in  regulating  the  flow  of  the  streams. 

5. — Climate. 

The  general  discussions  connected  with  climate  have  been  so  fully  considered  in  the  previous  report,  and  tables 
have  been  given  so  much  at  length,  that  it  will  only  be  necessary  here  to  consider  briefly  a  few  points  which  remain 
to  be  examined  rather  more  in  detail.    We  proceed  in  the  same  order  as  in  the  report  alluded  to. 

a.  Coast-line  and  ooean-ctjerents. — Though  the  coast-line  extends  in  general  parallel  to  the  mountain 
chains,  yet,  as  we  have  seen,  it  approaches  them  much  more  nearly  on  the  north  than  on  the  south.  Reference  has 
also  been  made  to  the  fact  that  in  the  region  under  consideration  the  coast  is  much  more  indented  than  in  the  states 
farther  south.  As  to  the  ocean-currents,  the  coast  is  bathed  by  the  cold  current  from  the  north,  which  flows  along  the 
l^Tew  England  coast  between  the  land  and  the  Gulf  stream,  and  gradually  sinks  below  the  latter  toward  the  south. 
The  winds  from  the  sea,  therefore,  except  those  from  the  south  and  southwest,  are  apt  to  be-cooler  than  in  the  case 
of  the  region  farther  south,  and  to  a  greater  extent  than  would  be  due  to  their  difference  of  latitude,  having  swept 
over  cold  waters  instead  of  over  the  warm  Gulf  stream.  Therefore,  the  winds  from  the  south  and  southeast  are 
moist  and  warm,  while  those  from  the  northeast  and  east  are  much  cooler.  These  circumstances,  however,  are  of 
little  importance. 

h.  Prevailing-  winds  at  different  seasons. — Though  the  winds  are  variable,  yet  the  direction  of  the 
prevailing  wind  is  from  some  point  between  southwest  and  northwest,  and  the  general  movement  of  the  atmosphere 
takes  place  in  the  same  direction.  In  springand  summer,  winds  from  the  southwest,  west,  and  northwest  are  most 
frequent;  south  winds  are  not  so  prevalent  as  in  the  southern  states  or  in  New  England,  but  the  southwest  and 
west  winds  are  the  most  prevalent  of  all.  In  winter  the  winds  from  the  northwest  are  the  most  frequent.  Winds 
from  the  east  or  north,  or  from  the  southeast,  are  least  frequent  of  all  in  summer,  while  in  winter  north  winds  occur 
more  frequently.  Taken  in  connection  with  the  shape  of  the  coast,  these  facts  serve  to  explain  the  distribution  of 
rainfall  over  the  region,  as  compared  with  that  over  New  England  and  the  states  farther  south,  as  we  shall  have 
occasion  to  show  in  brief  farther  on. 

G.  Temperature  at  different  seasons. — As  will  be  seen  in  the  case  of  the  southern  states,  the  isothermal 
lines  in  the  district  under  consideration  extend  in  a  general  direction  northeast  and  southwest,  being  deflected  by 
various  influences,  principally  by  the  mountains,  from  their  normal  course  paralM  to  the  equator;  so  that  there  are 
considerable  differences  in  the  temperatures  for  the  year  and  for  the  seasons,  these  differences  being  almost  as 
pronounced  from  east  to  west  as  from  north  to  south.  To  the  tables  which  have  already  been  given,  and  to  those 
which  will  be  found  on  pages  11  and  12  of  the  report  on  the  southern  Atlantic  water-shed,  nothing  need  be  added 
here.  For  more  extended  data  the  Smithsonian  report  {Contributions  to  Knowledge,  vol.  21)  may  be  referred  to. 
The  principal  facts  to  be  gleaned  from  these  tables  are  the  following : 

1.  The  mean  annual  temperature  in  the  middle  states  is  about  52°  ¥:,  or  about  the  same  as  in  the  western  region 
of  the  more  southern  states,  and  8°  or  10°  lower  than  in  the  middle  parts  of  those  states.  This  is,  however,  from 
3°  to  7°  higher  than  in  the  New  England  states. 

2.  The  summer  temperature  is  about  73°,  or  about  2°  higher  than  in  the  western  parts  of  the  states  south,  and 
4°  or  5°  lower  than  in  their  middle  parts ;  while  still  4°  to  6°  higher  than  in  the  New  England  states. 

3.  The  winter  temperature  is  about  32°,  or  about  4°  or  5°  lower  than  in  the  western,  and  12°  or  13°  lower  than 
in  the  middle  region  of  the  southern  Atlantic  states.  In  New  England,  however,  the  winter  temperature  is  from 
40  to  11°  lower  still. 

4.  The  extremes  of  temperature  differ  more  widely  as  we  proceed  north,  the  range  in  the  middle  states  being 
greater  than  in  the  southern  states,  and  less  than  in  the  New  England  states;  but  the  difference  is  mainly  in  the 
minimum  temperature,  for  the  maximum  is  not  more  than  2°  or  3°  lower  in  Maine  than  in  Alabama. 

5.  The  same  thing  is  true,  in  general,  for  the  extremes  of  mean  daily  temperature,  and  for  those  of  mean 
monthly  temperature,  although  the  difterence  is  here,  as  regards  the  daily  temperature,  not  so  much  on  the  side  of 
the  minimum  value.    The  tables  given  in  the  reports  referred  to  show  that  the  mean  temperature  of  the  hottest 
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month  is  about  the  same  in  Pennsylvania  as  in  Georgia,  while  the  mean  temperature  of  the  coldest  month  is  10°  or 
12°  lower  in  the  former  state.  If  there  is  a  disadvantage  in  warm  weather  as  regards  water-power,  the  southern 
Atlantic  states  have  no  reason  to  complain  in  this  respect,  for,  contrary  to  general  impression,  their  summers  are 
not  much  hotter  than  those  in  the  middle  states. 

d.  Eainfall. — For  detailed  information  regarding  the  rainfall  of  the  region  to  be  considered,  the  Smithsonian 
report  (Uainfall  tables,  Smithsonian  Contributions  to  Knowledge,  No.  353,  second  edition,  1881)  must  be  referred  to, 
which  gives  the  annual  fall,  and  also  its  distribution  through  the  year.  This  region,  as  regards  the  character  of 
the  distribution  of  the  precipitation,  falls  essentially  under  type  I,  which  includes  the  Atlantic  sea-coast  from 
Portland  to  Washington,  and  for  which  the  characteristics  are  given  as  follows:  "Three  nearly  equal  maxima, 
about  the  middle  of  May,  August,  and  December,  and  one  principal  minimum,  about  the  beginning  of  February; 
the  range  between  the  extreme  monthly  values  is  small;  the  August  maximum  is  generally  the  highest."  The 
following  table  is  the  one  used  in  discussing  the  region,  and  it  will  be  seen  that  most  of  the  stations  are  on  the 
immediate  sea-board.  It  shows  that,  in  the  entire  region,  the  monthly  rainfall  fluctuates  between  0.84  of  the  mean 
monthly  rainfall  (in  February),  and  1.22  of  that  mean  (in  August),  or  that  in  the  month  of  maximum  fall  the  fall  is 
only  1.45  time  what  it  is  in  the  month  of  minimum  fall : 


Month. 


January  ....... 

Pebmary 

MarcTi 

April 

May 

Jnne 

July 

August 

September 

October 

■November , 

December 


1.01 
0.82 
1.02 
0.97 
1.11 
0.97 
0.91 
1.11 
0.82 
1.10 
1.06 
1.10 


0.87 
0.74 
1.00 
0.93 
1.22 
0.99 
0.S8 
1.18 
0.81 
1.01 
1.25 
1.04 


^ 


0.99 
0.83 
0.93 
1.00 
1.04 
0.81 
1.02 
1.33 
0.91 
1.07 
].05 
0.99 


l.OC 
0.80 
0.96 
1.00 
1.04 
0.86 
0.92 
1.31 
1.06 
0.92 
1.02 
1.07 


1.00 
0.94 
0.98 
1.04 
1.10 
0.89 
1.08 
1.10 
0.94 
0.89 
1.03 
1.03 


0.97 
0.96 
1.03 
1.02 
1.06 
0.82 
0.87 
1.14 
0.95 
0.98 
1.12 
1.10 


111 


0.99 
0.84 
1.01 
1.04 
1.01 
0.91 
0.89 
1.14 
0.89 
0.97 
1.17 
1.14 


0.88 
0.81 
0.82 
1.04 
1.25 
0.88 
1.08 
1.30 
0.83 
1.06 
1.03 
1.02 


0.94 
0.81 
0.98 
1.03 
1.06 
1.07 
1.01 
1.18 
0.88 
0.99 
1.05 
1.01 


0.89 
0.96 
0.91 
1.04 
1.24 
1.08 
1.01 
1.21 
0.89 
0.73 
0.98 
1.05 


li 


0.84 
0.77 
0.91 
0.93 
1.31 
1.05 
0.05 
1.33 
0.93 
0.92 
0.95 
1.13 


0.00 
0.88 
0.92 
0.99 
1.24 
1.06 
1.01 
1.17 
O.Dl 
0.88 
0.97 
1.08 


0.94 
0.89 
0.93 
0.98 
1.17 
0.86 
0.98 
1.26 
0.93 
0.96 
1.01 
1.09 


-  * 

®  is 

a 


0.88 
0.86 
0.88 
0.87 
1.18 
0.93 
1.12 
1.35 
1.07 
0.94 
0.88 
1.06 


3g. 


0.89 
0.81 
0.94 
1.00 
1.09 
1.13 
1.08 
1.22 
0.99 
0.91 
0.95 
1.01 


0.79 
0.84 
1.12 
0.95 
1.11 
0.97 
1.10 
1.17 
1.01 
0.95 
0.96 
1.05 


a- 


0.82 
0.77 
1.07 
1.01 
1.07 
0.97 
0.97 
1.24 
0.94 
0.97 
1.00 
1.18 


0.91 
0.84 
0.92 
1.13 
1.10 
1.06 
1.25 
1.20 
0.91 
1.01 
0.83 
0.85 


a 


0.92 
0.84 
0.96 
1.00 
1.13 
0.96 
1.01 
1.22 
0.92 
0.96 
1.02 
1.06 


1^ 


0.88 
0.84 
0.94 
1.00 
1.17 
1.01 
1.05 
1.24 
0.93 
0.94 
0.96 
1.05 


For  the  ratios  of  fluctuation  of  the  other  type  curves,  for  other  parts  of  the  country,  the  report  on  the  southern 
Atlantic  water-shed,  page  13,  may  be  referred  to.  But  there  is,  of  course,  no  abrupt  change  in  the  fluctuation  from 
one  district  to  another,  the  extreme  fluctuation  in  the  southern  states  becoming  gradually  less  as  we  proceed  north; 
and  the  last  column  in  the  preceding  table,  which  refers  to  those  stations  included  in  our  district  (to  which  should 
properly  be  added  some  stations  farther  south),  shows  a  slightly  larger  fluctuation  than  occurs  in  the  entire 
region  covered  by  the  table,  namely,  40  per  cent,  instead  of  38  per  cent.  But  if  we  examine  the  fluctuation  at  each 
station  we  shall  see  plainly  that  it  decreases  as  we  go  north.  It  becomes  rather  different  as  we  recede  from  the 
coast,  and  for  more  complete  information  the  reports  on  the  separate  rivers  must  be  consulted,  but  the  following 
table  will  give  a  general  idea  regarding  stations  farther  inland: 


00 

eg 

g 

g 

hi 

S 

CO 

8 

CO 

3 

t- 

Month. 

r 

g 

o 

a 
1 

is 

si 

% 

O 

C3 

(0 

4 

f 

ft<D 

1 

1 

r 

5" 

0.81 

January 

0.82 

0.79 

0.58 

0.88 

0.74 

0.71 

0.97 

0.89 

0.98 

0.70 

February 

0.79 

0.69 

0.61 

0.86 

0.75 

0.69 

0.80 

0.81 

0.82 

1.22 

0.80 

March 

0.82 

0.88 

0.70 

0.88 

0.89 

0.86 

0.92 

0.94 

0.75 

1.32 

0.90 

April 

0.91 

0.94 

1.01 

0.87 

1.00 

1.04 

1.10 

1.00 

1.18 

1.06 

1.00 

May 

1.16 

1.09 

1.S9 

1.18 

1.26 

1.26 

1.19 

1.09 

1.18 

1.03 

1.17 

June 

1.31 

1.32 

1.42 

0.93 

1.25 

1.26 

1.06 

1.13 

1.58 

1.26 

1.25 

July 

1.29 

1.25 

1.33 

1.12 

1.27 

1.15 

1.06 

1.08 

1.02 

0.97 

L15 

1.00 

1.10 

1.19 

1.35 

1.18 

1.45 

1.06 

l.M 

0.86 

1.21 

1.16 

September 

0.98 

1.04 

1.16 

1.07 

1.00 

0.97 

0.92 

0.99 

1.16 

1.18 

1.04 

October 

1.10 

1.13 

1.10 

0.94 

0.85 

0.90 

0.93 

0.91 

0.66 

0.62 

0.93 

November 

0.95 

0.91 

0.89 

0.88 

0.76 

0.81 

0.93 

0.95 

0.82 

0.87 

0.88 

December 

0.86 

0.88 

0.71 

1.06 

1.05 

0.90 

1.06 

1.C1 

0.99 

0.66 

0.91 
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It  will  be  seen  tliat  the  rainfall  is  more  irregular  than  on  the  coast,  so  that  the  means  vary  more  from  the 
separate  values;  but  the  fluctuation  is  evidently  greater,  amounting  to  45  per  cent,  of  the  mean  monthly  fall,  and  at 
some  of  the  stations  it  is  seen  to  be  even  much  greater  than  this.  The  minimum  occurs,  as  before,  in  February,  but  the 
maximum  is  several  months  earlier  than  before,  or  in  June,  and  at  some  stations  even  in  May.  But  it  is  noticeable 
that  over  the  whole  district  the  rainfall  is  greater  in  summer  than  in  winter,  and  never  the  reverse,  as  is  the  case  in 
some  of  the  southei-n  states.  A  glance  at  the  Smithsonian  charts  shows  that  the  rainfall  is  distributed  over  nearly 
the  entire  area  about  as  follows :  Spring,  9  to  12  inches ;  summer,  10  to  14  inches ;  autumn,  8  to  12  inches ;  winter, 
8  to  10  inches ;  year,  35  to  48  inches ;  and  it  is  further  noticeable  that  the  distribution  does  not  vary  much  in 
different  parts  of  the  district.  We  shall  see  that  in  the  southern  states  there  is  a  considerable  difference  between 
the  sea-board  and  the  western  or  mountainous  parts,  the  rainfall  being  greatest  in  the  mountains,  and  also  very 
differently  distributed;  for,  while  on  the  coast  nearly  twice  as  much  rain  falls  in  summer  as  in  winter,  in  the 
mountains  nearly  the  same  quantity  falls  in  each  of  those  seasons.  The  reason  is  probably  this :  The  principal 
carriers  of  moisture  are  the  winds  from  the  Gulf  and  the  Atlantic  ocean,  and  in  summer,  winds  from  the  south  and 
southeast  being  more  prevalent  than  at  any  other  time,  the  winds  which  bring  rain  strike  the  coast  directly  from 
the  ocean,  or  after  having  passed  over  a  small  area  of  low  ground,  and  are  therefore  highly  charged  with  moisture, 
which  is  condensed  along  the  coast,  the  amount  diminishing  as  we  go  inland,  until  the  up-country  and  the  mountains 
are  reached,  where,  on  account  of  the  great  height  of  the  latter,  almost  all  of  the  remaining  moisture  is  condensed 
and  the  rainfall  is  again  large ;  while  in  winter  the  winds  bringing  rain  come  more  from  the  southwest,  and  thus 
reach  the  coast  after  having  passed  over  the  up-country,  and  having  parted  with  much  of  their  moisture  there  and 
in  the  mountains,  so  that  in  this  season  the  rainfall  is  small  on  the  coast  and  again  large  in  the  mountains. 

In  the  district  we  are  now  considering,  however,  the  mountains  are,  as  we  have  just  seen,  lower  and  more 
regular  than  in  any  other  part  of  the  Appalachian  system,  while  the  ground  rises  more  rapidly  from  the  coast, 
leaving  only  a  narrow  eastern  or  tide- water  division  below  the  fall-line;  so  that  with  the  exception  of  a  narrow 
strip  along  the  coast  where  the  rainfall  is  greatest,  due  to  the  rapid  condensation  of  the  moisture  in  the  sea-winds 
which  sometimes  blow,  and  a  few  isolated  spots  in  the  interior  where  the  mountains  are  higher  than  usual,  or 
where  other  influences  are  at  work,  the  rainfall  shows  no  great  variation  throughout  the  area.  Toward  its  southern 
extremity,  of  course,  the  change  is  gradual  from  these  features  to  those  just  described  as  applying  to  the  southern  - 
states ;  and  southern  Virginia  differs  considerably  from  central  Pennsylvania  and  'Sew  York  in  regard  lo  amount 
and  distributign  of  rain;  but,  broadly  speaking,  the  general  features  above  referred  to  are  quite  not  iceable. 

As  regards  the  fluctuation  of  the  annual  rainfall  in  the  district  under  consideration,  the  table  given  on  page 
14  of  the  report  on  the  southern  Atlantic  water-shed  shows  that  it  offers  no  peculiarity,  and  that  it  is  about  the 
same  as  in  the  more  northern  or  southern  states. 

Finally,  as  to  the  absolute  amount  of  the  raipfall,  the  data  which  will  be  given  for  each  river  will  be  sufiicient 
for  the  purposes  of  this  report.    For  more  extended  information  the  Smithsonian  volume  must  be  consulted. 

As  a  smaller  proportion  of  the  winds  are  oceanic  and  the  mountains  are  lower  than  in  the  states  farther  south, 
we  should  naturally  expect  the  amount  of  the  rainfall  to  be  smaller  in  the  district  now  to  be  considered,  which  is 
found  to  be  the  case;  and,  in  fact,  we  may  say  that  as  regards  rainfall  there  are  three  principal  differences  between 
the  middle  and  the  southern  Atlantic  states':  First,  the  rainfall  is  greatest  in  the  latter;  second,  it  diminishes  from 
the  coast  inland  quite  uniformly  in  the  former,  but  not  in  the  latter,  except  for  a  short  distance;  third,  in  the 
former  there  is  always  more  rain  in  summer  than  in  winter ,  while  in  the  latter  this  is  only  true  on  the  coast. 

Of  course  the  fact  that  as  we  proceed  north  the  precipitation  is  more  and  more  in  the  form  of  snow  has  an 
important  bearing  upon  the  flow  of  the  streams  and  upon  their  water-power;  but  this  effect  is  so  well  understood 
that  it  may  be  briefly  dismissed  here.  The  northern  streams  are  subject  to  a  winter  drought,  as  the  snow  often 
lies  on  the  ground  for  seyetal  months  in  the  winter  without  melting,  and  the  freshets  are  usually  most  severe  in 
the  spring  when  the  snows  melt;  and  the  ice-jams  which  sometimes  occur,  as  well  as  the  large  bodies  of  ice  which 
are  carried  down  by  the  streams,  are  often  very  dangerous  and  destructive  to  the  dams. 

FLOW  OP  STEEAMS. 

The  general  facts  and  circumstances  influencing  the  flow  of  streams  have  been  discussed  with  such  detail  on 
pages  8  to  10  of  the  report  on  the  N'ew  England  streams,  that  it  is  only  necessary  here  to  endeavor  to  trace  the 
effects  of  the  climatical  and  topographical  conditions  which  have  just  been  described,  upon  the  flow  of  the  streams 
to  be  described  in  the  sequel,  and  to  try  to  explain  any  peculiarities  which  gaugings  have  shown  to  exist;  as  well  as 
to  forecast  the  probable  peculiarities  of  streams  for  which  we  have  no  measurements,  and  to  draw  some  comparisons 
between  the  streams  of  the  middle  Atlantic  water-shed  and  those  to  the  north.  The  following  tables  are  therefore 
repeated  for  convenience  of  reference  and  comparison: 
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Table  showing  extremes  of  flow  for  some  Arnerican  streams. 


River. 


Merrimack  ... 

Merrimack  . . . 
Concord  


Sudbury . 


Cbavles . 


Hale's   Brook, 
Mass. 

Connecticut  . . . 


Connecticut  ... 
Housatonio  - 


Croton. 


Croton,     "West 
bi'anctL 


Passaic . . . 

Do.... 

Delaware . 


Schuylkill . . . 

Hackensack . 

Ohio 

Potomac 


Do. 
Do. 


Kock  Creek... 
Kanawha 


Greenbrier 


Shenandoah 


Place. 


Lowell., 


Lawrence . 
Lowell 


Framingham  . 


Newton      Upper 

Falls. 

Mouth 


Hartford. 


Dartmouth  . 


Pateraon 

Belleville 

Lambertville  . 

Philadelphia.. 


Pittsburgh  . . 
Cumberland 


Dam  'So.  5 . . 

Great  Falls . 


Hoyle's  mill 

Charleston  pool.. 

Month    of    How- 
ard's creek. 

-.1  Xear  Port  Eepub- 
'      lie. 


James Kichmond 


2Teuse  . 


N'ear  Ealeigh . 


I 


4,085 

4,599 
361 


78 

215 

24 

10, 234 

3,287 
790 

333. 82 

20.37 

813 

962 

6,500± 

1,800 

84 

19,  900 
920 

4,640± 
11,  470 


MBAK   KAINFALL, 
INCHES. 


10 


11 


10       12 

10'l2 


8,900 
870 
770 

6,800 


64.40   11 
12 


1,000         12 


13 


12 


10 


10 


10 


43 


44 


44 


10  ;  48 


10 


Remarks  on  character 
of  drainage  basin. 


Lakes  andartiiicial  res- 
eivoii'8.    "Wooded. 

do 


Stream  sluggish  and 
swampy,  iew  woods. 
Hilly  and  lolling. 
Some  reservoirs. 

Hilly  and  swarapy. 
One-sixth  to  one- 
eighth  wooded. 

Hilly  and  rolling 


Numerous  lakes  and 
artificial  reservoirs. 
Wooded.  Mountain- 
ous in  parts. 

do , 


"Very  broken  and 
undulating.  Hilly, 
steep,  and  rocky. 
Largely  wooded. 
Little  cultivated. 

Some        lakes       and 

swamps.    Hilly. 
do 


Hilly  and  rolling 
Many  lakes.  "Well 
wooded. 

Hilly  and  rolling.  No 
lakes.     Some  reser- 


Flat.  iSTo  lakes  or  res- 
ervoirs,  except  mill- 
ponds. 

Hilly  andmountainons. 
No  lakea.  Wooded. 

Narrow  valleys.  Steep 
slopes.  "Wooded.  No 
lakes. 

do 


Country    more    open. 
No  lakes. 


Mountainous.     Steep. 
No  lakes.    "Wooded. 


-do  . 


Hilly.  Limestone.  No 
lakes.  Many  springs. 

Mountainous  in  upper 
part.  No  lakes. 
Wooded. 

Open.  Clay  and  loam. 
No  lakes.  Few  ex- 
tensive woods. 


EXTKKMEB    OF  FI.O"W. 


^■3 

a  0) 
5  <° 

.gg. 


96,  000  ± 
4,449 


3,228 


207, 443 


25,  367 
1,109 


19,  944 
350,  000 


17,  900- 

92, 772 
175,  000 


120, 000 


u  g 


1,275 

1,400 
69.84 


2.  SO 

44- 
3.24 
5,219 

1,006 
130 

50.80 

0.407 

178 

225.  60 
2,000 

I   378     J 
27 

2,271 
25 

3C3 
1,063 

'      7.50 
1,100 

97 

128 

1,300 


.64 


1,153 


40 


175 


255 
165 


ft® 


■2  a 


0.31 


0.31 
0.17' 


0.036 

0.20 
0.135 
a  0.51 

0.308 
0.165 

0.15 

0.02 

0.22 

0.023 

0.30 

1 0.21  J 
0.33(J) 

0.114 
0.022 

0.  0783 
0.093 

0.114 
0.123 

0.12 

0.167 

0.191 


S  ft 


s  ft  « 

'ga 
3.sa 


0.458 


0.193 


Authority  and  remarks. 


C.  HerscheL 

A.  rteley. 

J.  P.  Kirkwood. 
J.  p.  Frizell. 
T.  G.  ElUs. 


C.  Herschel. 

H.  Loomis,  EeptJN.X.  Com. 
Pub.  "Wks.,  1879. 

J.  J.  E.  Croes  and  G.  "W. 
Howell. 

J.  J".  R.  Croes. 


J.  J.  E.  Croes  and  Q.  "W. 
HoweU. 

J.  J.  E.  Croes  and  G.  "W. 
Howell. 

Ashbel  "Welch. 


E.  r.  Smith  and  H.  P.  M. 
Birkinbine. 


C.  D.  "Ward. 


J.  H.  Harlow. 

"W.  E.  Hutton  and  Patter- 
son. 

Quoted  by  "W.  E.  Hutton. 
"W.  E.  Hutton. 

Quoted  by  "W.  K.  Hutton. 
GUI,  Scott,  and  Hutton. 

McNeiU. 

James  Herron. 

H.  D.  "Whitcomb  and  "W.  B. 
Cutshaw. 

"W. C.Kerr.    "Low water". 


a  Since  the  date  of  Ellis'  measnrements  the  flow  of  the  Connectiont  has  been  as  low  as  between  0.25  and  0.30  onbio  foot  per  second  per  square  mile,  according 
to  good  anthority. 
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Table  showing  monthly  distribution  of  flow. 


MONTHLY  rLOW  IN  DET  XEAHS. 

t 

li 

a 

1 

R 

FLOW  m  INCHES  ON  WATBB-SBED. 

BATIO  OP  MONTHLT  TO  MEAN  FLOW. 

Kivera. 

1 

1 

1 
1 

i 
1 

s 

1 

1 

!0 

i 

1 

1 

I 

1 

1 

t 

1 

2 

H 

1 

i 

f 

CO 

1 

■a 

1 

1 

1 

1 

Croton — 

i! 

339,  0.  20 
361  0.25 

4,599  0.68 
10,  234  jo.  65 

1,800  0.27 

0.35 
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a  Regarding  the  figures  given  for  the  Merrimack  river,  it  should  be  noted  that  as  they  are  based  on  gaugings  for  only  six  months  in  each  of  a  series  of  years, 
they  can  not  be  considered  anything  but  approximations,  and  are  simply  given  for  want  of  some  hing  better.  The  figures  for  the  last  six  months  are  especially  liable 
to  large  errors. 

b  Charles  G,  Darra«h,  in  Ungineering  News,  April  3,  1880,  p.  122. 

The  first  point  to  be  considered  is  the  rainfall;  and  the  fact  that  in  the  middle  states  the  rainfall  is  greatest  in 
summer  has  an  effect  which  is  perhaps  very  large,  and  which  may  go  far  toward  explaining  the  large  summer  flow  of 
some  streams  in  those  states.  The  table  shows  that  although  the  minimum  flow  of  the  Schuylkill  river  is  not  much 
greater  than  that  of  the  James,  yet  its  average  flow  in  the  driest  month  is  very  large  indeed;  and  when  we  bear  in 
mind  that  the  drainage  area  is  not  large,  that  it  includes  no  lakes  and  only  a  few  storage  reservoirs  of  the  canal 
company,  that  the  forests  aire  not  exceedingly  extensive,  and  that  a  good  deal  of  the  land  is  under  cultivation,  we 
may  be  disposed  to  attribute  the  principal  part  of  this  effect  to  the  fact,  which  the  table  shows,  that  the  rainfall 
on  the  basin  in  summer  and  fall  is  very  large — larger,  in  fact,  than  in  the  case  of  any  stream  south.  Still,  how  far 
this  may  be  due  to  the  artificial  reservoirs  or  to  errors  in  estimating  the  flow  can  not  be  stated.  If  we  compare  the 
streams  in  the  middle  Atlantic  water-shed  with  those  in  the  southern,  we  are,  I  think,  entitled  to  conclude  that,  as 
regards  this  factor  in  the  problem,  the  flow  of  the  former  is  the  more  constant,  except  in  the  case  of  some  streams 
in  Virginia  where  the  rainfall  is  distributed  unfavorably.  As  to  streams  in  New  England,  the  large  summer 
rainfall,  and  the  numerous  reservoirs,  render  their  flow  undoubtedly  more  uniform  than  that  of  any  of  the  streams 
now  under  consideration. 

Again,  the  fact  that  toward  the  north  the  winters  are  colder  and  the  fall  of  snow  greater  has  the  effect  of 
tending  to  make  the  winter  flow  of  the  streams  less  than  the  summer  flow.  The  streams  being  really  lower  in 
summer  than  in  winter  on  the  Atlantic  coast,  a  cold  winter  with  much  snow  may  therefore  in  some  cases  be  regarded 
as  favorable  and  as  tending  to  equalize  the  flow.  Compared  with  the  streams  of  the  southern  Atlantic  slope,  those 
in  the  middle  states  have  therefore  the  advantage  in  this  respect,  and  we  may  say  that,  as  regards  this  factor  of 
the  problem,  their  flow  is  more  constant.  It  is  unnecessary  to  refer  further  to  the  spring  freshets  in  the  north  due 
to  the  melting  of  the  snows,  except  to  remark  that  if  the  winter  snows  lie  long  on  the  ground  and  are  carried  off 
suddenly  in  the  spring  they  may  do  little  toward  increasing  the  summer  flow  of  the  streams,  so  that  their  effect  in 
regulating  flow  would  simply  consist  in  diminishing  the  average  winter  flow  and  causing  severer  freshets,  and  thus 
that  effect  would  be  really  unfavorable.  The  diversity  of  the  conditions  of  the  problem  is  so  great,  however,  that 
general  conclusions  must  be  made  cautiously.  , 

The  next  point  which  it  is  necessary  to  consider  is  the  effect  on  the  flow  which  is  exercised  by  the  topographical 
peculiarities  of  the  region  under  discussion  ;  the  most  striking  topographical  feature  being  the  fact  that  the  streams 
now  to  be  considered  rise  in  the  mountains,  or  toward  their  western  extremity,  and  flow  across  them,  while  the 
more  southern  streams  rise  on  their  extreme  eastern  side.  Of  course  the  effect  of  this  physical  conformation  can  not 
be  definitely  stated  or  brought  to  mathematical  form;  but  one  result  seems  to  be  derivable  from  it,  namely,  that 
the  extreme  A^ariability  in  flow  of  some  of  the  streams  which  rise  farthest  in  the  mountains,  draining  with  their 
tributaries  the  numerous  narrow  and  parallel  longitudinal  valleys  between  the  ranges,  is  in  great  part  due  to  this 
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topography.  The  remarkably  low  flow  of  the  James  and  Potomac  rivers  in  dry  weather  does  not  find  a  parallel 
in  the  table,  except  for  streams  of  small  drainage  area.  A  glance  at  the  table  shows  that  the  rainfall  on  the  drainage 
basins  of  these  streams  i.s  not  distributed  in  a  way  favorable  for  a  constant  flow  through  the  year,  and  it  may  be 
that  this  fact  plays  the  principal  part  in  causing  the  low  flow  observed;  but  until  we  possess  more  accurate  data, 
and  measurements  sufficiently  extended,  to  enable  us  to  gain  some  numerical  idea  of  the  effect  of  the  various 
circumstances  which  affect  flow — a  desideratum  which  can  with  difliculty  be  supplied — we  are  forced  to  estimate 
these  effects  according  to  our  judgment;  and  to  my  mind  it  seems  as  if  the  topography  would  have  a  much 
greater  influence  than  the  distribution  of  the  rainfall.  The  result  thus  reached  is  of  value  in  showing  us  how  to 
estimate  the  flow  of  other  streams;  and  in  judging  of  the  power  of  streams  drainiui;'  a  number  of  narrow  valleys 
we  have  not  lost  sight  of  it. 

The  next  circumstance  which  is  to  be  borne  in  mind  is  that  the  soil  in  the  region  considered  is,  as  a  whole, 
rather  more  porous,  though  not  deeper,  than  in  the  states  farther  south.  The  mountains  are  oftener  rocky  and 
bare  and  the  depth  of  soil  perhaps  less  on  the  average,  but,  the  porosity  being  greater,  the  flow  of  the  streams 
will  not  on  that  account  be  less  uniform. 

The  third  fact,  and  perhaps  the  most  important  of  all,  is  that  many  of  the  streams  in  the  middle  states  have 
numerous  lakes  tributary  to  them,  and,  further,  that  the  form  of  the  valleys  is  generally  favorable  for  the  construction 
of  storage  reservoirs.  The  power  which  will  be  found  estimated  in  the  tables  as  the  "  maximum  with  storage"  may, 
in  most  cases  of  small  drainage  areas,  be  considered  really  available,  while  in  the  case  of  the  squthern  streams  we 
shall  see  that,  though  possible  to  utilize  it,  its  complete  utilization  is  in  most  cases  im'practicable  or  unadvisable. 
This  fact  is  important  in  judging  of  the  value  of  sites. 

In  regard  to  the  forests,  their  action  will  be  referred  to  at  length  in  a  subsequent  report.  No  data  are  at  hand 
sutficient  to  enable  us  to  estimate  the  amount  of  woodland  in  the  different  states,  and  we  are  therefore  unable  to 
bring  this  factor  much  into  consideration ;  but  from  the  facts  stated  on  page  20  of  the  report  on  the  southern 
Atlantic  water- shed  it  is  clear  that  with  the  rainfall  always  greater  in  summer  than  in  winter,  as  it  is  over  our 
present  district,  the  influence  of  the  woods  is  most  beneficial.  Bearing  these  x>oints  in  mind,  I  have  estimated  the 
power  and  flow  at  numerous  points,  following  the  same  method  which  was  explained  on  pages  8  to  10  of  the  report 
on  the  eastern  New  England  water-sheu.  Although  it  is  not  necessary  to  explain  the  method  of  calculation  in  this 
place,  it  may  be  well  to  repeat  the  definitions  given  before  of  the  various  quantities  which  have  been  estimated,  as 
follows : 

1.  Absolute  MiNraruM;  can  be  depended  upon  always  and  with  no  storage  at  all.  Large  waste  all  the  time, 
except  for  a  few  days  at  a  time,  at  intervals  of  several  years. 

2.  Minimum  lo"vv-season  flow,  with  no  storage,  can  be  depended  upon  at  all  times,  except  for  a  short  time 
in  some  dry  seasons — perhaps  for  a  few  days  in  the  dry  season  of  each  year.  With  small  storage,  can  be  depended 
upon  all  the  time. 

3.  Mean  flow  in  veey  dry  yeaks. — Maximum  amount  permanently  available  with  storage. — Storage  capacity, 
perhaps  3  or  4  inches  on  the  water-shed.  With  larger  storage  a  greater  arnount  could  perhaps  be  utilized  for  several 
years  in  succession,  but  not  permanently.     Generally  impracticable  except  in  the  case  of  very  small  drainage  areas. 

4.  Low-season  flow  in  ordinaey^  dry  years,  without  storage,  can  be  de'Jended  upon  generally,  except  in 
the  low  season  of  dry  years,  when  the  supply  will  be  deficient  for  perhaps  several  weeks;  in  very  dry  years,  when 
the  supply  will  be  deficient  for  ?  longer  time;  and  in  ordinary  years,  when  the  supply  may  be  deficient  for  a  few 
days  at  a  time.  Can  be  rendered  permanently  available  by  storage.  The  low-season  flow  of  ordinary  years  can  be 
depended  upon  less  than  the  above,  but-generally  for  nine  months  of  every  year.. 

In  regard  to  the  maximum  with  storage,  the  powers  given  for  large  drainage  basins,  although  perhaps  in  some 
cases  really  available,  could  be  made  so  only  at  great  cost.  Small  basins  are  more  favorable  in  this  respect,  and 
the  amount  of  water  available  is  also  proportionally  greater,  because  there  is  considerable  loss  by  evaporation  in 
the  case  of  large  basins  while  the  water  is  flowing  from  the  distant  reservoirs  to  the  points  where  it  is  to  be  used. 

TIDAL   WATER-POWER. 

There  is  no  tidal  water-power  in  the  middle  Atlantic  water-shed.  The  country  along  the  coast  is  in  most 
places  too  flat,  and  not  suitable  for  building,  the  range  of  the  tides  is  small,  and  there  is  no  advantage  to  be 
obtained  by  using  the  power  of  the  tides,  as  it  is  sometimes  used  in  New  England. 

TOTAL  AVAILABLE  POWER. 

1  have  made  no  attempt  to  estimate  the  total  available  power  of  the  streams  in  the  middle  states.  Such 
estimates  are  liable  to  mislead,  and,  although  they  will  be  given  in  the  case  of  some  of  the  southern  streams,  I  have 
thought  it  best  to  omit  them  here.  But  the  remark  may  again  be  made,  that  the  elevation  of  the  Atlantic  plain  at 
the  foot  of  the  mountains  becomes  smaller  as  we  proceed  north,  being  1,200  feet  in  North  Carolina,  500  feet  in 
Virginia,  and  from  100  to  300  feet  in  Pennsylvania;  so  that,  as  regards  those  streams  which  do  not  rise  beyond 
the  first  ridge  of  the  mountains,  their  total  theoretical  power  will  be  much  less  in  the  region  we  are  considering 
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than  that  of  streams  of  equal  size  farther  south;  but  from  the  fact  that  in  our  present  region  the  larger  streams  do 
not  rise  on  the  eastern  slope  of  the  mountains,  but  near  their  western  edge,  or  even  on  the  elevated  plateau  beyond, 
as  in  the  case  of  the  Susquehanna  and  Delaware,  this  conclusion  can  not  be  drawn  generally.  The  sources  of  the 
Susquehanna,  for  instance,  lie  at  an  elevation  of  about  1,200  feet,  so  that  its  total  fall  to  tide-water  is  greater  than 
that  of  any  southern  stream,  if  the  small  upper  sources  be  left  out  of  account.  Any  sweeping  statements  regarding 
total  power  available  must  therefore  be  taken  with  considerable  allowance,  and  are  likely  to  give  a  false  impression. 

6. — General  results. 

Before  proceeding  to  describe  each  river  in  detail,  a  few  of  the  general  results  of  the  characteristics  which 
have  just  been  discussed  mny  be  briefly  mentioned.  ITrom  the  topography  of  the  region  it  is  clear  that  the  water- 
powers  are,  as  in  New  England,  mo:e  evenly  distributed  over  its  whole  extent  than  in  the  southern  states,  where 
will  be  found  large  areas  without  any  powers  whatever.  The  eastern  division  of  the  Atlantic  slope  being  very 
narrow  in  the  north,  and  the  middle  region  small,  the  greater  part  of  the  water-power,  especially  in  the  northern 
part  of  the  region,  is  in  the  western  or  mountainous  division;  and  while  the  gradual  fall  of  the  streams  makes 
concentrated  falls  and  cataracts  perhaps  on  the  whole  less  numerous  than  in  ISTew  England  or  in  the  south,  yet  the 
region  now  to  be  considered  has  an  advantage  over  the  southern  states  in  the  matter  of  storage,  and  especially  in 
the  fact  that  some  of  its  streams  are  fed  Ijy  numerous  lakes. 

Tn  those  parts  .of  the  region  where  the  streams  drain  numerous  parallel  valleys  of  the  mountains,  oiten  cos'ered 
with  soil  to  a  smaller  depth  than  in  the  south,  the  very  variable  flow  of  the  streams,  and  the  liability  to  sudden 
and  severe  freshets,  is  a  disadvantage;  and,  in  the  cases  referred  to,  it  is  not  compensated  by  the  presence  of  lakes 
or  by  particularly  good  facilities  for  storage.  The  rain  falling  on  these  narrow  valleys  is  rapidly  gathered  into  the 
water-courses — especially  if  the  mountains  are  not  deeply  covered  with  soil — swelling  the  volume  to  a  great  extent, 
and  rendering  the  flow  much  more  variable  than  it  otherwise  would  be.  The  James  and  Potomac  rivers  are 
especially  subject  to  this  influence. 

Regarding  the  forests,  their  preservation  is  a  matter  of  great  importance,  for  their  usefulness  as  regulators  of 
flow  is  very  great,  especially  as  the  rainfall  is  greater  in  summer  than  in  winter.  In  some  parts  of  the  region  tlie 
forests  are,  unfortunately,  being  rapidly  destroyed  by  lumbermen,  but  no  data  are  at  hand  regarding  the  actual  extent 
of  woods  or  the  rate  of  destruction.  The  operations  of  the  lumbermen  have  in  some  cases  a  very  important  influence 
ou  the  water-power  of  the  streams — especially  the  smaller  ones — down  which  the  logs  are  floated,  as  we  shall  have 
occasion  to  see  when  speaking  of  the  west  branch  of  the  Susquehanna  river,  on  account  of  the  intermittent  flow 
caused  by  suddenly  opening  the  artificial  reservoirs  which  are  constructed  for  the  purpose  of  floating  down  the  lumber 
on  the  swell  or  wave  which  results,  according  to  the  same  n)ethod  which  was  formerly  used  on  some  of  the  rivers  in 
France,  as  well  as  on  the  Thames  and  Severn  in  England  (and  still  in  use  ou  the  former  stream),  for  purposes  of 
navigation  [navigation par  eclusees).  The  wholesale  destruction  of  our  forests  now  being  practiced  must  before  long 
lead  to  unpleasant  results,  similar  in  kind  (we  hope!  not  in  degree)  to  those  which  have  taken  place  in  some  of  the 
streams  of  the  Alps ;  and  to  the  many  words  of  warning  which  have  been  written  from  economical  and  agricultural 
points  of  view,  must  be  added  another — the  undoubted  injurious  eifect  which  such  destruction  will  have  on  the 
water-power  of  the  streams  M'hosft  drainage  basins  are  so  being  robbed  of  their  natural  protection. 

Tn  regard  to  the  tcmi)eratnre  of  the  region  under  consideration,  the  facts  that  the  yearly  mean  is  lower,  and 
that  the  winter  mean  is  considerably  lower,  than  in  the  states  farther  south,  are  the  principal  ones  which  have  a 
bearing  on  water-power.  Although  the  streams  in  Virginia  are  seldom  frozen  over,  and  the  mills  suifer  little  trouble 
or  interruption  from  ice,  yet  as  we  proceed  north  this  source  of  trouble  increases,  and  in  the  northern  part  of  the 
district,  and  in  Xew  England,  it  sometimes  assumes  considerable  proportions.  Then,  again,  the  freshets  in  spring, 
at  the  breaking  up  of  the  rivers  and  the  melting  of  the  snows,  though  perhaps  not  more  severe  than  on  some  southern 
streams,  are  yet  accompanied  by  such  great  masses  of  floating  ice  that  their  destructive  effect  on  the  dams  is  frequently 
greater,  so  that  those  structures  have  to  be  built  often  in  a  very  substantial  manner.  The  evil  effects  of  ieejams, 
which  sometimes  occur  aud  cause  the  overflowing  of  considerable  aieas,  are  too  well  known  to  need  more  than 
mention  here,  having  already  been  referred  to  in  the  previous  report. 

Again,  regarding  the  objection  sometimes  urged  respecting  temperature  against  the  advantages  for 
manufacturing  in  the  south,  this  point  will  be  discussed  with  sufficient  detail  on  page  23  of  the  next  report,  so  that 
it  is  only  necessary  to  state  here  that  in  the  district  now  under  consideration  the  temperature  in  the  hottest  montli, 
or  even  the  average  in  sumnnir,  is  very  little  lower  than  in  the  southern  Atlantic  states  aud  but  little  higher  than 
in  New  England;  and  tliat  it  would  seem  that  this  matter  of  temperature  is  ou  the  whole  a  factor  of  very  little 
consequence  in  tlie  question,  excej)!,  of  course,  in  so  far  as  it  goes  to  deter,mine  evaporation  and  other  meteorological 
phenomena. 

The  facts  regarding  rainfall,  which  have  been  alluded  to,  have  already  been  cousidi'red  in  their  effects  on 
water-power,  when  speaking  of  the  flow  of  the  streams.  Their  importance  is  great;  and  when  we  bear-  in  mind  the 
difference  in  distribution  of  rain,  in  the  occurrence  and  number  of  lakes,  and  in  the  topography  of  the  regions 
drained  by  the  different  streams,  we  shall  have  no  difiiculty,  I  think,  in  explaining  the  facts  given  in  the  table  of 
flow  of  streams,  and  in  arriving  at  tolerably  close  estimates  of  flow  in  cases  where  gaugiugs  are  not  at  hand. 
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Finally,  the  advantage  an  regards  traiisp(,it:iti(ni  must  oiico  iiioie  be  mentioiied  wLicli  follows  Irom  the  fact 
that  the  streams  in  the  region  now  to  be  considered  are  navigable  up  to  the  falMine,  thus  i)]acing  some  of  the 
largest  powers  in  the  whole  region  in  a  ver,\  lavorable  position  in  this  respect.  In  Maine  the  water-power  region 
has  been  seen  to  approach  still  luaier  to  the  sea  coast,  but  in  the  s-outhein  states  we  shall  see  that  the  powers  are 
often  separated  from  tidal  waters  by  over  a  hundred  miles  of  a,  tortuous  stream,  and  that  although  this  distance  can 
be  made  navigable  for  river-boats,  sea-going  \'essels  can  not  reach  tlie  powers  as  they  can  those  farther  north. 

After  these  few  general  remarks,  I  proceed  to  give  as  detailed  a  descri]»tion  of  each  river  as  the  material  which 
1  have  been  able  to  collect  will  allow.  In  order  ro  compare  the  pox^er  a\uilable  at  difl'erent  places  to  be  described 
with  that  at  well-known  places  in  the  New  England  and  other  states,  the  following  information  may  be  found 
interesting.  It  is  taken  from  the  statistics  given  in  this  volume,  principally  from  the  reports  on  the  New  England 
states.  At  Paterson,  New  Jersey,  the  Passaic  river  furnishes,  when  at  its  minimum,  about  1,200  gross  horse-power, 
night  and  day.  At  Lowell,  Massachusetts,  the  Merrimack  has  a  fall  of  35  feet,  and  yields  at  a  minimum  about  12,000 
gross  horse-power  during  the  usual  working  hours.  At  Oohoes,  New  York,  the  Mohawk  falls  105  feet,  and  would 
yield  at  least  18,000  gross  horse-power  during  working  hours.  At  Manchester,  New  Hampshire,  the  Merrimack  falls  , 
52  feet,  and-gives  a  minimum  of  about  12,000  gross  horse-power  during  working  hours.  At  Lawrence,  Massachus^ts, 
the  same  stream  falls  28  feet,  yielding  a  minimum  of  about  11,000  gross  horse-power  during  working  hours.  At 
Holyoke,  Massachusetts,  the  Connecticut  has  a  fall  of  50  feet,  and  a  minimum  of  about  14,000  gross  horse-power 
during  working  hours.  At  Lewiston,  Maine,  the  fall  in  the  Audroscoggin  is  50  feet,  and  the  minimum  power,  during 
usual  working  hours,  is  about  12,000  gross  horse-power.  At  Birmingham,  Connecticut,  the.  Housatonic  falls  22  feet, 
furnishing  a  minimum  of  about  1,400  gross  horse  power  during  usual  working  hours.  The  improved  fall  of  the 
Connecticut  river  at  Turner's  Falls  is  41  leet,  furnishing  a  minimum,  during  working  hours,  of  about  14,000  gross 
horse-power. 

L— THE   JAMES   RIVER  AND  TRIBUTARIES. 

THE  JAMES  EIVEE. 

The  James  river  is  formed  in  the  extreme  northern  part  of  Botetourt  county,  Virginia,  by  the  union  of  Jackson's 
river  with  Cowpasture  river,  both  of  which  take  their  rise  in  the  mountains  of  Highland  county,  and  flow  in  a 
direction  rather  west  of  south,  traversing  longitudinal  and  comparatively  narrow  valleys  between  the  nearly 
l?arallel  ranges  of  the  AUeghenies.  From  their  junction  the  .James  pursues  a  general  course  nearly  east,  flowing- 
first  through  Botetourt  and  Rockbridge  counties,  and  for  the  remainder  of  its  course  forming  the  boundary  line 
between  the  counties  of  Bedford,  Cami)bell,  Appomattox,  Buckingham,  Cumberland,  Powhatan,  Chesterfield,  Prince 
Oeorge,  Surry,  Isle  of  Wight,  and  Nansemond,  on  its  right,  and  Amherst,  Nelson,  Albemarle,  Fluvanna,  Goochland, 
Henrico,  Charles  City,  James  City,  and  Warwick,  on  its  left,  emptying  into  Chesapeake  bay  through  Hampton 
roads,  not  over  20  miles  from  the  Atlantic  ocean.  The  stream,  with  all  its  tributaries,  lies  wholly  within  the  state 
of  Virginia.  Its  total  length,  measured  along  its  course,  is  about  335  miles,  while  in  a  straight  line  it  is  only  about 
200  miles.  Its  total  drainage  area  is  about  9,700  square  miles,  and  its  principal  tributaries  are  the  following  streams, 
mentioned  in  their  order  as  the  river  is  ascended  : 

Drainage  areas. — Tributaries  of  the  James  river. 

From  the  north  :  square  miles. 

Chickahominy  river 410 

Eivanna  river 668 

Hardware  river 245 

Eockfish  river 240 

Tyo  river - - 425 

North  river 784 

From  the  south : 

AppomattoV  river , 1,565 

Willis  river -47 

Slate  river -  - .  -2:! 

Catawba  creek •  llv! 

Craig's  creek •!5~ 

The  head- waters — Jackson's  and  Cowpasture  rivers — drain,  respectively,  areas  of  988  and  580  square  miles. 

The  basin  of  the  James  is  varied  in  character,  being  mountainous  in  the  upper  part,  and  very  low,  flat,  and 
often  swampy  in  the  lower  part.  Jackson's  and  Cowpasture  rivers  wind  through  narrow  and  picturesque  valleys, 
over  beds  generally  of  sand  and  gravel,  with  rock  ledges  in  places,  and  are  bordered  with  fertile  bottom  lauds. 
Their  fall  is  on  the  whole  not  great,  although  in  places  there  are  local  falls  of  some  consequence.  The  James, 
cutting  as  it  does  through  the  ridges  of  the  mountains  to  reach  the  Atlantic  plain,  flows  alternately  across  the 
valleys,  with  a  gentle  current,  a  bed  of  sand  and  gravel,  and  fertile  level  lands  along  its  banks,  and  through 
breaks  in  the  ridges,  with  steep,  rocky,  and  sometimes •  precipitous  banks,  the  fall  being  in  these  localities  often 
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considerable,  and  the  bed  solid  rock,  sometimes  overlaid  to  a  small  depth  with  movable  material.  The  most 
noticeable  places  of  this  kind  are  near  BuchaDan,  near  the  mouth  of  North  river,  and  at  one  or  two  other  places 
above  Lynchburg.  Below  the  latter  place  the  country  is  more  open,  but  the  stream  has  considerable  fall  all  along 
its  course  through  the  middle  or  hill  country,  as  i'ar  down  as  Richmond,  where  it  crosses  the  fall-line,  and  below 
which  the  basin  is  flat  and  low.  The  accompanying  map  shows  the  position  and  form  of  the  basin.  It  extends 
farther  into  the  mountains  than  the  basin  of  any  Atlantic  stream  farther  south,  excepting  perhaps  the-Eoanoke, 
so  that  all  three  divisions  of  the  Atlantic  slope — the  western,  middle,  and  eastern — are  well'  represented.  The 
latter,  however,  extends  only  up  to  the  head  of  tide-water,  where  the  Virginia  streams  cross  the  fall-line. 
Geologically,  the  eastern  division  is  alluvial,  just  as  in  the  states  farther  south,  and  the  middle  division  is  for  the 
most  part  of  the  Eozoic  formation,  with  some  patches  of  sandstone.  The  western  division  is  more  varied  in 
character  than  farther  south,  and  is  divided  by  the  Valley  region  into  two  quite  distinct  parts — the  Blue  ridge  on 
the  east  and  the  true  mountain  region  on  the  west — and  it  is  through  the  Blue  ridge  that  the  river  breaks  near 
the  mouth  of  North  river,  passing  from  the  Valley  to  the  Piedmont  region  or  middle  division. 

The  products  of  the  James  Eiver  basin  are  chiefly  cereals,  fruit,  vegAables,  etc.  A  large  part  of  the  area  is 
covered  with  pine  forests,  but  no  data  are  at  hand  for  determining  the  proportion  of  the  basin  so  covered.  In  the 
entire  absence  of  lakes  and  artificial  reservoirs,  excepting  the  canal  ponds  on  the  James,  the  woods  are  doubly 
important. 

The  James  is  remarkable  as  being  navigable  for  sea-going  vessels  drawing  16  feet  up  to  the  head  of  tide-water, 
or  to  the  fall-line  at  Eichmond,  a  distance  from  the  mouth  of  the  river  of  111  miles  in  a  channel  line  and  130  miles 
from  the  ocean.  The  falls  at  Eichmond  form  an  insurmountable  obstacle  to  the  further  navigation  of  the  river,  but 
by  means  of  the  James  Eiver  and  Kanawha  canal,  which>was  built  along  the  stream  many  years  ago,  transportation 
has  until  recently  been  afforded  as  far  as  Buchanan,  196^  miles  above  Eichmond,  and  it  was  expected  to  extend  the 
canal  across  the  AUeghenies  to  join  the  Ohio;  but  having  recently  been  purchased  by  the  Eichmond  and  Allegheny 
Eailroad  Company,  which  is  constructing  the  road  directly  along  the  tow-path,  it  is  now  entirely  abandoned  as  a 
means  of  communication,  and  is  superseded  by  the  railroad.  There  are  no  very  large  towns  on  the  river  except 
Eichmond,  and  Lynchburg  146  miles  above.  Buchanan,  though  a  small  place,  has  been  of  some  importance  as  the 
western  terminus  of  the  canal.  The  accompanying  map  shows  the  railroad  traversing  the' basin  of  the  James, 
rendering  the  stream  accessible  for  its  entire  length,  while  the  canal,  having  been  abandoned  for  navigation,  can 
be  made  to  afford  a  very  large  amount  of  water-power,  as  will  be  seen  hereafter,  and  with  the  very  best  facilities 
for  transportation. 

The  following  table  will  show  that  the  fall  of  the  James  river  is  considerable;  but  with  the  exception  of  the 
falls  at  Eichmond,  I  obtained  no  information  of  any  particularly  large  falls  in  short  distances: 

Table  of  declivity  of  the  James  river. 


Locality. 


Eichmond — foot  of  falls 

Grant's  dam 

Bosher's  dam 

Maiden's  Adventure  dam 

Tye  Eiver  dam 

Joshua  Falls  dam 

Lynchburg  Water  Works  dam 

Judith's  dam 

Bald  Eagle  dam  

Pedlar  dam     

Coleman's  Falls  dam .'*. 

Big  Island  dam , .' 

Cushaiv  dam 

Blue  Eidge  dam 

Quarry  Falls  dam 

I    Varney'a  Palls  dam 

j    Indian  Hock  dam 

Wasp  Eock  dam 

1    Buchanan  

i 

[    Junction  of  Jackson's  and  Cowpasture rivers 


Distance 

from 
Eichmond. 


Miltis. 
0 

3 

11 


109  ± 

135i 

148i 

152 

157 

160 

162J 

166i 

170i 

175J 

1781 

185J 

189J 

194 

198 

225 


above 
tide. 


Feet. 
0 

84 

1 

124 
143 
375  it 
463 
513 
540 
558  I 
572 
588 
606 
649  I 
706 
720 
759 
786 
812 
812 
1,014 


Distance 

between 

points. 

Pall 
between 
points. 

Pall  per 

mile 

between 

points. 

Miles, 

Feet. 

Feet. 

I              3 

84 

28 

\              * 

40 

5 

1             ^^ 

19 

1.06 

]            80 

232 

2.9 

\            26J 

88 

3.32 

}            13 

50 

3.85 

}             3J 

27 

7.7 

5 

18 

3.6 

' 

14 

4.66 

-i 

16 

0.4 

1             * 

18 

4.5 

i             ' 

43 

10.75 

I            ^ 

57 

11.4 

5             3 

14 

4.66 

\             '' 

39 

5.57 

\             ^ 

27 

6.75 

\             ^* 

26 

5.77 

\             4 

0 

5 

]           27 

202 

7.5 
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The  preci'(]ing  table  gives  the  elevatiou  of  each  dam  ou  the  river ;  but  as  the  dams  ])ond  tlie  water  for  some 
distance  in  many  cases,  it  does  not  give  an  exact  idea  of  the  natural  fall  of  the  stream.  It  will  be  seen  that  the 
fall  between  the  bead  of  the  falls  and  Lynchburg,  about  145  miles,  is  at  the  rate  of  about  3  leet  per  mile;  while 
from  Lynchburg  to  the  junction  of  the  two  head-waters,  about  77  miles,  it  is  at  the  rate  of  C.5  feet  ]ier  mile. 

The  rainfall  on  the  valley  averages  from  42  to  45  inches.  Near  the  coast  it  is  50,  and  between  the  coast  and 
Eichmond  it  varies  from  50  to  44,  while  above  Eichmond  it  diminishes,  reaching  38  in  the  mountains.  The  table 
of  utilized  and  available  power,  ou  page  23,  will  give  details  regarding  the  amount  and  distribution  above  various 
points. 

The  flow  of  the  river  is  subject  to  very  great  fluctuations  and  the  freshets  are  very  heavy.  Those  of  1870  and 
1877  were  remarkable  for  their  violence,  and  did  considerable  damage  along  the  river,  and  that  of  1870  is  said  to 
have  been  the  heaviest  freshet  within  a  century,  up  to  that  time.  In  1877  the  river  is  said  to  have  risen  28.9  feet 
below  the  falls  at  Eichmond,  and  26  feet  at  the  pump-house  a  mile  or  so  above.  The  cause  of  this  variability  in 
flow  is  probably  to  be  sought  in  the  absence  of  lakes,  the  narrowness  of  the  valleys,  and  the  steepness  of  the 
hill-sides,  and  in  the  small  rainfall  in  autumn,  which  tends  to  reduce  the  low-season  flow  to  a  small  amount  (see 
table  on  page  9).  The  stream  is  not  subject  to  heavy  ice-freshets,  and  ice-gorges  seldom  occur.  In  1879,  however, 
a  heavy  gorge  occurred  just  below  Eichmond  which  was  the  cause  of  some  damage,  the  water  having  been  backed  up 
to  a  considerable  height.  Those  mills  at  Eichmond  and  at  Manchester  which  do  not  use  water  from  the  canal  are 
generally  obliged  to  stop  at  intervals  in  times  of  high  water.  I  have  only  one  record  of  a  gauging  of  the  stream, 
viz.,  that  given  in  the  table  just  referred  to,  and  it  has  served  as  a  guide  in  many  estimates.  No  measurements  of  the 
maximum  flow  have  come  to  my  knowledge.  The  bottom-lands  along  the  stream  seem  to  be  on  the  whole  less 
extensive  and  less  subject  to  overflow  than  on  the  streams  farther  south.  Notwithstanding  the  severe  freshets, 
however,  no  trouble  is  experienced  in  keeping  the  canal  dams  in  good  order,  on  account  of  the  excellent  foundation 
for  such  structures  which  is  to  be  found  all  along  the  river — generally  solid  rock  covered  with  a  thin  layer  of  gravel 
and  sand.  The  facilities  for  the  construction  of  storage  reservoirs  in  the  upper  valleys,  to  restrain  the  floods  and  to 
render  the  flow  more  uniform,  are  on  the  whole  not  very  good,  on  account  of  the  narrowness  of  the  valleys  and  their 
rapid  fall,  although  sites  could  doubtless  be  found.  The  necessity  for  such  reservoirs  has,  however,  not  yet  been 
felt,  and  no  accurate  examinations  have  been  made  on  this  point,  so  far  as  I  could  learn. 

The  fine  opportunity  which  is  at  present  afiforded  of  utilizing  a  large  amount  of  power  by  means  of  the 
now  abandoned  canal  can  not  be  too  strongly  emphasized.  It  has  fine  collateral  advantages — climate,  means  of 
transportation,  building-materials,  etc. — but  in  my  limited  work  it  was,  of  course,  not  possible  to  make  a  detailed 
examination  of  the  canal  to  determine  just  what  sites  would  be  most  favorable.  The  total  fall  of  the  river  between 
Eichmond  and  Buchanan,  amounting  to  812  feet,  having  been  overcome  by  a  series  of  locks,  dams,  and  canals, 
there  is  every  reason  to  believe  that  a  large  proportion  of  the  total  theoretical  power  of  the  stream  between  those 
points  may  be  considered  available  if  the  canal  can  be  made  of  sufficient  capacity  to  carry  the  low-water  discharge 
of  the  river.  With  such  a  large  amount  of  power  available  it  is  evidently  unnecessary  to  attempt  to  specify  anj' 
particular  points  where  it  could  be  used  better  than  at  others. 

The  falls  at  Eichmond  constitute  the  first  power  on  the  stream,  and  extend  over  a  distance  of  about  3  miles, 
the  fall  being  84  feet  in  that  distance,  the  bed  rocky,  and  the  width  of  the  stream  from  about  one-eighth  to  one- 
quarter  of  a  mile.  From  Grant's  dam,  at  the  head  of  the  falls,  and  the  first  of  the  navigation  dams,  the  canal  extends 
without  locks  to  the  basin  at  Eichmond,  which  is  therefore  84  feet  above  tide.  This  is  connected  with  the  river 
below  the  falls  by  locks.  Although  considerable  power  is  used  at  Eichmond  from  the  canal,  there  is  also  a  large 
amount  utilized  from  dams  constructed  below  Grant's,  so  that  in  describing  the  powers  it  will  be  best  to  consider 
them  in  the  order  in  which  the  dams  occur  as  the  river  is  ascended. 

1.  The  first  dam  is  the  one  which  supplies  power  to  the  Haxall  flour-  and  corn-mills.  It  extends  from  the 
north  side  of  the  stream  in  a  very  broken  and  zigzag  line  diagonally  up  the  river  from  rock  to  rock,  terminating 
in  an  island  near  the  center  of  the  stream,  which  is  here  perhaps  1,200  feet  wide.  A  portion  330  feet  long  and  6 
feet  high  was  built  of  stone  in  1880  at  a  cost  of  $2,500,  while  the  remainder,  about  1,200  feet  long  and  2J  feet  high, 
is  of  wood.  A  race  500  yards  long  leads  to  the  mill,  where  a  fall  of  22  feet  is  used,  the  power  used  being  stated  at 
700  horse-power,  which  can  be  obtained  during  about  ten  months,  while  during  the  remaining  two  months  about 
two-thirds  as  much  can  be  obtained.  The  mills  are  run  all  the  time,  and  at  low  water  there  is  little  or  no  waste  over 
the  dam.  The  pond  covers  only  a  few  acres  and  affords  no  storage.  In  times  of  freshet,  the  machinery  is  sometimes 
stopped  for  a  few  days.  The  wooden  dam  is  more  or  less  injured  by  freshets  almost  every  year,  but  there  is 
seldom  any  trouble  with  ice;  in  1879,  however,  the  great  ice-gorge  below  Eichmond  backed  the  water  up  into  the 
mill.    The  mills  of  the  Haxall-Crenshaw  Company  are  the  only  ones  using  power  from  this  dam. 

2.  The  next  dam  is  the  one  which  supplies  power  to  the  various  manufacturing  establishments  at  Manchester, 
just  opposite  Eichmond.  The  dam  extends  from  the  south  bank  in  a  very  broken  line  diagonally  up  the  river  from 
rock  to  rock,  ending  just  below  the  end  of  the  Haxall  dam.  Its  total  length  is  about  1,650  feet,  of  which  about 
900  is  of  stone,  and  3  or  4  feet  high.  About  50  feet  of  the  stone  part  was  built  in  1878,  and  the  rest  about  the 
year  1858  (said  to  have  cost  $2,570).  The  remainder  of  the  dam  is  of  wood.  The  pond  is  insignificant.  A  canal 
500  or  600  yards  long,  40  feet  wide,  and  from  5  to  7  feet  deep,  leads  from  the  dam,  and  along  the  lower  part  of  this 
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caual  are  situated  the  mills  mentioued  below.  Tlie  water-power  is  owned  by  the  city  of  Manchester,  and  power 
is  leased  iu  50-year  leases  at  the  rate  of  $4  per  square  iuch  of  orifice  under  a  Lead  of  3  feet.  No  special 
precautions,  however,  are  taken  to  regulate  exactly  the  amount  of  water  taken  by  each  mill,  and  it  seems  that 
there  is  generally,  except  in  very  dry  seasons,  sufficient  water  for  all  the  mills  at  present  running.  The  following 
table  gives  the  number  of  square  inches  paid  for,  and  some  other  data.  It  is  to  be  remarked  that  the  price  of" 
$2  50  per  square  inch  was  formerly  the  regular  rate,  but  it  is  now  $4  for  all  new  leases. 

Table  of  power  used  at  Manchester,  Virginia.{a) 


Proprietor  or  firm. 


Kind  of 
miU. 


Ifumber 

of square 

inches 

taken. 


Martin  Erutliers  &  Baker , 

Kichmond  Cedar  Works 

Manchester  paper-mill 

Old  nomlQionmlU 

Walker  &  Saunders 

Dunlop  &  McCance do  . 

Marshall  Manufacturing  Company '  Cotton 

Manchester  corn-mill  (/) 1  Com . . 

City  pump-works  (/) j 


Sumac . . . 
Bucket  . . 
Paper  ... 
Cotton .  -  - 
Flour 


160 
150 
300 
800 
600 
800 
500 


Price  i)er 
square 
inch. 


$4  00 
4  00 
4  00 
2  50 
2  50 
2  50 
2  50 


Total  Head 
rent  per  landfall, 
annum,  j  in  feet. 


600 
1,200 
2,000 
1,500 
■2,  000 
1,250 


Horse- 
power 
used,  net. 


Numher 
of  months 

full 
capacity. 


30 

120 

100' 

0  150 

100 

200 

dl75 

16-20 

36 


925 


612 
12 
12 
12 
11 
12 

el2 
10-12 


Capacity 
the  rest  of 
the  time. 


One-half , 


Numher 

of  hours 

per  day 

run. 


I 


Steam- 
power 
used. 


a.  The  Hgures  giving  the  power  used  were  obtained  from  the  manufacturers,  and  may  not  be  exact.  The  figures  giving  the  amount  of  water  taken  and  paid 
for  were  obtained  from  the  city  auditor.  A  calculation  would  probably  show  that  the  two  statements  do  not  agree  in  all  cases,  but  the  error  could  not  be  located-:, 
withoulrmeasurements. 

6  Sometimes  obliged  to  stop  on  account  of  backwater. 

c  I'ower  stated  at  227  horse-power  in  returns  of  enumerators. 

d  Power  stated  at  140  horse-power  in  returns  of  enumerators. 

&  Average  loss  of  about  eight  days  on  account  of  high  water. 

/  Owned  by  the  city. 

The  power  available  at  the  two  dams  just  described  would  depend  upon  how  the  water  could  be  distributed, 
between  the  two  and  how  much  could  be  taken  from  the  river  above.  The  available  power  of  the  entire  stream 
per  foot  fall  can  be  seen  by  referring  to  the  table  on  page  18. 

3.  The  next  dam  is  that  of  the  Old  Dominion  Iron  &  Nail  Works  Company,  and  extends  diagonally  from  the 
head  of  Belle  Isle  to  the  south  bank  of  the  river.  The  foot  of  the  island  is  a  quarter  of  a  mile  or  so  above  the- 
Manchester  dam,  and  on  the  island  are  situated  the  works  of  the  company.  The  dam  is  of  wood  and  stone,  about 
3  feet  high  and  from  a  quarter  to  a  half  mile  long,  and  from  it  a  canal  about  400  yards  long  leads  to  the  works, 
where  the  fall  is  from  16  to  18  feet.  The  power  used  is  stated  at  1,000  horse-power,  and  it  is  said  that  this  amount 
can  be  secured  during  eight  months  of  the  year,  the  capacity  during  the  remaining  four  months  being  about  two-thirds 
as  much.(a)  The  power  is  used  to  drive  the  rolling-mills.  This  dam  is  really  a  continuation  of  the  one  next  to  be 
described. 

4.  The  Richmond  water-works,  on  the  north  bank  of  the  river,  are  supplied  with  power  from  a  dam  extending 
diagonally  in  a  broken  line,  from  rock  to  rock,  to  the  head  of  Belle  Isle.  For  the  first  400  feet  it  is  of  stone, , 
walled  up  in  cement,  about  6  feet  high,  and  with  a  nearly  vertical  face.  The  remainder,  about  800  feet,  is  of  wood, 
not  over  3  feet  high.  The  stone  part  was  built  in  1844  at  a  cost  of  $13,000,  and  the  wooden  part  in  1874  at  a  cost 
of  $2,500.  A  race  700  feet  long,  40  feet  wide,  and  6  feet  deep  leads  to  the  wheels,  where  the  fall  is  10  feet.  One 
turbine-  and  six  breast-wheels  are  used  to  drive  the  pumps,  the  total  power  used  being  about  280  horse-power,  and 
the  amount  of  water  taken  by  the  city  about  6,500,000  gallons  per  day,  or  about  10  cubic  feet  per  second.  Full 
capacity  can  be  obtained  durirjg  about  ten  months,  and  during  the  remainder  of  the  time  about  one-half,  there 
being  little  leakage  or  waste  over  the  dam.  A  steam-pump  of  small  capacity  (800,000  gallons  in  twenty-four  hours) 
is  used  in  cases  of  emergency.  The  bed  of  the  stream  is  very  rocky,  and  the  dam  has  never  been  carried  away, 
although  in  the  freshet  of  1877  the  water  is  said  to  have  risen  26  feet  at  the  works.  The  scarcity  of  water  during 
the  dry  season  has  led  to  the  establishment  of  new  works,  which  will  be  referred  to  below. 

5.  The  next  dam  is  3  miles  above  Eichmond,  and  is  known  as  Grant's  dam,  or  Three-Mile  dam.  It  is  the  first  of  the 
dams  of  the  canal  company,  and  was  built  as  a  feeder  to  supply  the  lower  level  with  water,  and  not  to  aftbrd  slack- 
water  navigation.  It  is  1,700  feet  long  and  4  feet  high,  extending  only  partly  across  the  river,  and  is  a  wooden 
.structure,  built  about  1854,  and  would  probably  cost  $20,000.  The  Eichmond  level  terminates  below  in  the  basin, . 
which  is  connected  by  a  series  of  5  lift-locks  with  a  dock  which  extends  for  a  mile  below  the  basin  and  is  connected 
with  tide-water  by  a  ship-lock,  thus  enabling  vessels  to  come  up  almost  to  the  basin.  The  canal  having  now  been 
abandoned,  this  lower  level  is  free  to  be  used  to  its  full  capacity  for  supplying  water-power;  but  even  while  the 
canal  was  in  use  for  navigation  a  number  of  manufacturing  establishments  were  supplied  with  water-power  from  it.. 


a  Power  stated  at  500  liorse-power  iu  enumerators'  returns. 
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The  use  of  navigation  canals  as  a  means  of  siipplj  ing  water-power  is  linjited,  on  account  of  the  velocity  of  flow  thereby 
occasioned;  and  as  there  are  various  other  circumstances  peculiar  to  this  case,  it  may  be  well  to  say  a  few  words 
regarding  the  power  as  it  has  heretofore  been  used.  The  dimensions  of  the  canal  are  as  follows :  Width  at  top,  50  feet ; 
width  at  bottom,  oO  feet;  depth,  6  feet ;  area  of  cross  section,  200  square  feet.  According  to  the  cLief  engineer  of  the 
canal,  Mr.  J.  M.  Harris,  there  has  heen  and  is  now  used  i\.y  power  from  this  lower  level  about  340  cubic  feet  per  second, 
so  that  the  velocity  in  tbe  canal  from  this  cause  alone  is  1.7  foot  per  second.  This  velocity  has  necessitated  the 
use  of  a  larger  number  of  horses  to  haul  tbe  boats  up  the  caiiaj,  and  it  has  been  concluded  that  a  velocity  of  a  mile 
]n'r  hour,  or  about  1^  foot  per  second,  is  tbe  maximum  whicli  can  be  allowed  on  canals  without  considerable 
detriment  to  the  interests  of  navigation.  On  account  of  the  current  it  was  proposed  to  enlarge  the  lower  level  of 
the  canal,  but  the  work  was  never  carried  out.  In  a  rejiort  of  the  former  chief  engineer  of  the  canal,  Mr.  Lorraine, 
"on  the  capacity  of  the  first  level  for  supplying  water  ])ower".  it  is  stated  that  the  cross-section  could  be  enlarged  to 
300  square  feet,  making  the  top  and  bottom  widths  respectively  (iO  and  40  feet,  and  the  depth  C  feet,  so  that,  with 
a  velocity  of  1.5  foot  per  second,  the  capacity  would  be  I'M  cubic  Icet  per  second,  afibrding  51  theoretical  horse- 
])ower  l)er  foot  fall.  As  rcgaids  power  obtained  Jroni  navigatiou  canals,  it  is  also  to  be  borne  in  mind  that  the  water 
is  in  some  cases  drawn  off  for  a  longer  or  shorter  jjeriod  for  repairs,  or  during  the  wiuter.  On  the  James  Eiver 
and  Kanawha  canal,  howexer,  thr  water  was  not  diawn  otf  duiiiig  tbe  winter  and  the  mills  obtained  w^ater  almost 
uninterruptedly.  There  has  sometiun's  beeu  a  little  trouble  with  ic(%  but  it  is  never  serious.  Water  was  rented  by 
the  com])any  at  the  annual  rate  of  •'J'3  jier  cubic  foot  jier  second  for  each  foot  head  and  fall  on  the  first  level,  while 
above  the  first  level  and  below  Lynchburg  the  rate  was  .§1  10,  and  above  Lynchburg  and  on  North  river  it  was  70 
cents.  Although  these  were  the  regular  rates,  there  were  .some  old  agreements  iu  some  cases,  rendering  the  details 
xery  complicated,  and  in  some  eases  special  rates  were  made,  such  as  allowing  to  an  establishment  water  free  for  five 
years,  at  half  price  for  the  following  five,  and  at  full  price  subsequently,  in  consideration  of  trafBc  brought  to  the 
canal.  The  amount  of  water  delivered  to  each  mill  was  regulated  by  the  engineer  of  the  company,  and  was  delivered 
through  an  orifice  accural  el  j'  adjusted  by  him. 

Postponing  mention  of- the  powers  on  the  canal  above  Grant's  dam,  it  remains  to  name  those  on  the  lower  or 
Eichmond  level.     They  are  as  follows : 

1.  The  Tredegar  Company  (rolling-mills,  tounderies,  car-shops,  machine-shops)  use,  according  to  Mr.  Harris, 
about  122  cubic  feet  per  second,  discharging  into  the  river  below  the  city  water- works  and  above  the  Haxall  dam, 
with  a  fall  of  about  50  feet,  in  two  falls  of  23  and  27  feet.  This  would  afford  a  theoretical  power  of  693  horse-power, (a) 
and  full  capacity  can  always  be  obtained. 

2.  Eichmond  Paper  Manufacturing  Company,  using,  according  to  Mr.  Harris,  80  cubic  feet  per  second,  with  a 
fall  of  about  21  feet,  giving  a  theoretical  power  of  191  horsepower.  (The  enumerators'  returns  give  the  fall  as  20 
feet,  and  the  power  as  120  horse-power.)  This  water  is  ultimately  discharged  into  the  race  leading  to  the  Haxall 
mill,  but  before  reaching  it  is  used  again  by  three  different  estabUshments,  viz.: 

a  3.  J.  Montague's  planiog-mill,  sash,  blind,  and  door  factory,  using  half  the  water  coming  from  the  paper- 
mill,  with  a  fall  of  20  or  21  feet,  and  75  horse-power,  which  can  always  be  secured.  Steam-power  to  the  extent  of 
65  horse-power  is  also  used. 

6  T.  W.  McCance,  jute-bagging  factory,  with  19  feet  fall  and  9  or  10  horse-power. 

c  Grist-mill,  with  20  feet  fall  or  thereabout ;  power  about  25  horse-power. 

3.  The  mills  of  the  Gallego  Mills  Manufacturing  Company  (flour),  situated  at  the  lower  end  of  the  basin,  are  the 
last  mills  using  water  directly  from  the  canal.  They  use,  according  to  Mr.  Harris,  about  138  cubic  feet  per  second, 
with  a  head  and  fall  of  36J  feet,  giving  a  theoretical  power  of  572  horse-power.  The  water  is  discharged  eventually 
into  the  dock  below  the  basin,  after  being  used  by  the  Gallego  corn-mill  and  Whitehurst  &  Owen's  sash-  and  blind- 
factory.  There  are  23  runs  of  stone  in  the  flour-mill  and  8  in  the  corn-mill,  and  full  capacity  can  be  secured 
generally  during  about  half  the  year. 

a  The  Gallego  corn-mill  uses  a  head  and  fall  of  13J  feet,  and  perhaps  about  80  to  100  horse-power,  taking  the 
water  after  it  leaves  the  flour-mill. 

6  Whitehurst  &  Owen's  planing-mill,  and  sash-,  blind-,  and  door- factory  use  a  fall  of  16  feet  and  about  40  horse- 
power, and  full  capacity  can  always  be  secured,  of  course.  The  water  is  discharged  to  the  dock  after  passing  over 
a  wheel  formerly  used  for  a  paper-mill,  with  7  feet  fall.  The  ground,  power,  and  mill  are  rented  from  the  Gallego 
Company. 

4.  The  Shockoe  mills  (corn,  sumac,  plaster,  and  bark),  owned  by  Warner  Moore,  esq.,  take  water  from  the  dock, 
and  discharge  it  into  the  river,  using  a  fall  of  14  feet  and  about  60  horse-power.  No  other  mills  take  power  from 
the  dock,  and  this  is  therefore  the  lowest  mill  using  power  from  the  canal. 

a  The  power  used  was  given,  in  a  blank  filled  out  by  the  company,  at  1,100  horse-power.  It  is  stated  to  be  829  horse-power  in  the 
enumerators'  returns. 
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The  power  used  from  the  canal  on  the  Eichmond  level  is  therefore  approximately  as  follows,  assuming  the 
eflciency  of  the  wheels  to  be  76  per  cent. : 

!N"et  horse-power. 

Tredegar  Company - 520  (?) 

Eiclimond  paper-mill 143  (?) 

Montague's  planing-mill '^S 

McCanoe's  bagging-mill - - ^^ 

Smith's  grisfc-mi  11 25 

Gallego  flour-mill 430 

Gallego  corn-mill 80 

Whitehurst  &  Owen's  planing-mill 40 

Moore's  Shockoe  mills ---         60 

Total , 1,383 

The  total  power  used  from  the  James  below  Grant's  dam  is  as  follows,  approximately: 

l^"et  horse-power. 

From  tlie  James  River  and  Kanawha  canal  - li  383 

City  water- works - 280 

Old  Dominion  Iron  Company 500  (?) 

Manchester  water-power - 925 

Haxall-Crenshaw  Company - 700 

Total 3,788 


These  .figures  are  liable  to  considerable  error,  but  it  is  impossible  to  make  them  more  accurate. 

It  is  evident  from  the  preceding  description  that  the  method  of  using  the  water-power  at  Eichmond  is  rather 
complicated,  and  also  that  only  a  very  small  proportion  of  the  total  available  power  is  at  present  utilized'.  There 
seems  to  be  no  technical  reason  why  Eichmond  should  not  be  one  of  the  great  manufacturing  centers  of  the  Atlantic 
slope,  for  it  may  safely  be  asserted  that  so  far  as  water-power  goes  such  advantages  -are  seldom  to  be  found.  If 
all  the  water  of  the  river  -could  be  diverted  into  the  canal  at  Grant's  dam  its  available  fall  at  Eichmond  would  be 
84  feet  at  the  lower  end  of  the  canal,  while  along  the  canal  above  the  basin  and  above  the  Tredegar  works  is  a 
strip  of  land  which  could  be  occupied  ^by  factories  for  a  distance  of  between  half  a  mile  and  a  mile,  or  even  more, 
with  an  average  fall  of  48  or  50  feet.  A  glance  at  the  estimate  of  power  below  will  show  the  large  amount  of 
power  which  could  thus  be  rendered  available.  But  even  if  it  were  not  practicable — for  legal  or  other  reasons — ^^to 
divert  the  entire  flow,  or  a  large  part  of  it,  above  the  city,  a  considerably  larger  amount  of  power  could  be  utilized 
if  the  dams  were  raised  and  tightened,  and  extended  entirely  across  the  river.  A  detailed  discussion  of  these 
points,  however,  does  not  belong  here.  It  has  been  said  that  the  Three-Mile  dam  could  be  raised  several  feet; 
but  on  the  other  hand,  it  is  also  asserted  that  this  ^ould  be  accompanied,  in  times  of  freshet,  by  damage  to  the 
Eichmond  and  Danville  railroad,  which  here  follows  the  river. 

The  drainage  area  of  the  James  above  Eichmond  is  about  6,800  square  miles,  and  the  average  rainfall  over  the 
entire  basin  is  probably  about  42  or  43  inches,  varying  from  44  at  Eichmond  to  38  in  the  mountains.  Of  this  about 
12  inches  fall  in  spring,  12  in  summer,  9  in  autumn,  and  10  in  winter.  The  flow  is  very  variable,  as  already 
mentioned,  but  no  series  of  gaugings  has  been  made.  Two  different  measurements  of  the  floWj  however,  made  in 
very  dry  seasons,  when,  the  river  was  lower  than  for  many  years,  and  probably  not  far  from  its  minimum  stage, 
agreed  quite  well  in  giving  the  discharge  at  about  1,300  cubic  feet  per  second.  I  have  therefore  estimated  the 
power  available  as  follows : 

Table  of  available  power  of  the  James  river  at  Richmond. 


state  of  flow  (see  pages  8  to  11). 

Drainage 
area. 

Fall. 

Flow  per 
second. 

Horse-power  availahle,  gross. 

Sq.  miles. 
■       6, 800 

Feet. 
84 

Cubic  feet. 
1      1, 300 
1,500 
"*        1, 750 
\       6, 000 

1  foot  fan. 
Ul.l 
170.4 
200.  0 
681.8 

tOfeetfaU. 
7,385 

Si  feet  fall. 
12, 400 

10,000    '        16,800 

' 

It  is  not  probable  that  any  storage  during  the  night  could  be  obtained, 
power  available  during  twenty-four  hours,  (a) 


The  above  figures,  therefore,  refer  to 


a  During  the  summer  and  fall  of  1881  the  James  river  has  been  lower  than  for  many  years  past.  The  mills  on  the  canal  and  on  the 
river  have  been  obligfed  to  run  at  a  small  fraction  of  their  capacity,  and  it  is  stated  that  the  river  could  be  crossed  almost  anywhere  along 
the  falls  without  wetting  one's  feet.  It  is  probable  that  the  flow  has  fallen  considerably  below  that  gi-\ou  as  the  minimum,  1,300  cubic 
feet  per  second,  or  0.19  cubic  foot  per  second  per  square  mile,  and  it  is  possible  that  it  may  have  fallen  nearly  as  low  as  in  the  case  of  the 
Potomac  (0.093  cubic  foot  per  second  per  square  mile).  Nevertheless,  I  have  retained  the  figures  given,  having  no  accurate  data  regarding 
the  flow  in  1881. 
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The  existing  canal  would  carry  perhaps  350  cubic  feet  per  second  with  a  fall  of  1  foot  per  mile,  and  about  500 
cubic  feet  per  second  with  a  fall  of  2  feet  per  mile  (supposing  its  dimensions  to  be  50  feet  width  at  top,  30  feet  at 
bottom,  depth,  5  feet),  and  still  more  with  a  greater  fall.  If  its  dimensions  were  60,  40,  and  6  feet,  it  would  carry 
perhaps  600  and  900  cubic  feet  per  second  with  the  declivities  given  above. 

The  following  table  gives  the  power  which  would  be  available  under  these  conditions : 


Section  of  canal. 

• 

Fall 

of  bed 

per 

n.ile. 

Feet. 
\       I 

Estimated 

capacity  of 

canal  per 

second. 

Horse-power  aTailable,  gross. 

Width  at  surface,  60  feet ;  -width  at  bottom,  30  feet ;  depth,  5  feet. 
Width  at  surface,  60  feeti  width  at  bottom,  40  feeti  depth,  6  feet. 

Cubic  feet. 
360 
600 
600 
900 

1  foot  fall. 
40.0 
66.8 
68.2 
102.3 

60  feet  fall. 
2,000 
2,840 
3,410 
6,115 

80  feet  fall. 
3,200 
4,544 
5,456 
8,184 

Prom  what  has  been  said  it  is  evident  that  the  advantages  for  the  use  of  water-power  at  Richmond  are  very 
great.  The  facilities  for  transport,  both  by  sea  and  by  land,  are  scarcely  surpassed;  building-materials  can  be 
obtained  near  by,  and  an  excellent  quality  of  granite  is  quarried  within  a  very  short  distance.  In  fact,  almost 
every  advantage  seems  to  be  here,  (a) 

There  is  no  power  taken  from  the  river  between  Eichmond  and  Lynchburg,  a  distance  of  ,146  miles  along  the 
stream.  The  fall  between  these  points  is,  as  already  stated,  513  feet  from  tide-water  to  the  Lynchburg  water- 
works dam,  or  429  feet  from  the  crest  of  Grant's  dam.  The  latter  figure  gives  an  average  fall  of  2.94  feet  per  mile. 
Within  this  distance  there  are  6  canal  dams,  with  a  total  height  of  about  CO  feet,  and  this  subtracted  from  429 
leaves  369  feet  as  the  total  fall  between  ponds,  or  an  average  of  2.53  feet  per  mile.  Within  this  distance  there  are, 
no  doubt,  some  falls  and  some  sites  that  might  be  utilized  for  power,  perhaps  to  a  considerable  extent,  besides 
those  on  the  canal  and  at  the  dams.  But  the  fact  tliat  the  canal  is  now  abandoned  as  a  means  of  communication, 
and  that  consequently  almost  the  total  fall  of  the  stream  from  Eichmond  to  Buchanan  is  available  for  power,  with 
as  much  water  as  the  canal  will  carry  or  could  be  made  to  carry,  seemed  to  me  to  render  a  detailed  examination  of 
the  stream  unnecessary  for  the  purposes  of  this  report.  It  would  seem  to  be  in  the  power  of  the  railroad  company 
to  ofler  the  very  finest  inducements  to  manufacturers  desiring  to  use  water-power.  Mills  could  be  established  at 
each  dam  and  lock  along  the  entire  length  of  the  canal  where  the  conformation  of  the  ground  would  permit,  those 
at  the  dams  using  falls  equal  to  the  heights  of  the  dams,  and  discharging  the  water  into  the  river  below,  and  those 
at  the  locks  using  falls  equal  to  the  lifts  of  the  locks,  and  discharging  the  water  into  the  lower  levels,  to  be  used 
again  at  the  next  lock  below;  and  in  favorable  places  mills  might  also  be  established  along  the  canal,  dischaiging 
the  water  into  the  river — withdrawing  it,  to  be  sure,  from  the  lower  levels  and  thus  lessening  the  amount  available 
at  the  locks.  And  by  increasing  the  dimensions  of  the  canal  at  suitable  points  a  much  greater  amount  of  power 
could  be  utilized  than  is  now  available,  until  at  the  limit  the  whole  fall  of  the  stream,  minus  that  which  is  sufficient 
to  maintain  the  velocity  in  the  canal  (which  may  be  taken  as  7iot  less  than  1  foot  per  mile,  and  probably  more), 
would  be  available  for  power.  It  is  scarcely  necessary  to  do  more  than  call  attention  to  the  large  amount  of  power 
which  could  thus  be  rendered  available.  Scarcely  any  of  it  being  utilized,  the  field  is  almost  entirely  open,  and 
the  location  has  only  to  be  selected  from  among  numerous  good  ones.  A  few  remarks,  however,  regarding  the 
capacity  of  canals  of  different  dimensions  may  serve  to  convey  a  clearer  idea  of  the  circumstances  of  the  case. 

When  water  flows  in  open  channels  its  velocity  is  due  to  the  slope  of  its  surface,  not  to  that  of  the  bed  of  the 
canal.  If  the  bed  be  horizontal,  as  in  m^ny  navigation  canals,  then,  as  any  velocity  must  be  accompanied  by  a  slope 
of  the  water-surface,  the  depth  will  be  smaller  at  the  lower  end  of  the  channel  than  at  the  upper  end,  and  the 
cross-section  will  vary  from  point  to  point.  The  motion  thus  becomes  varied,  as  it  is  called,  and  the  mathematical 
investigation  of  its  laws  more  complex.  For  a  rough  calculation,  however,  the  discharge  may  be  considered  the 
same  as  if  the  bed  were  inclined  and  parallel  to  the  surface,  and  the  section  the  same  as  it  is  at  the  lower  end — 
especially  as  the  capacity  of  the  canal  depends  upon  the  number  of  bends  on  its  course,  and  many  other  circumstances, 
all  more  or  less  uncertain.  A  tolerably  close  estimate  for  the  discharge  could  be  obtained  in  any  particular  case 
by  a  series  of  approximations;  but  it  is  evident  from  what  has  been  said  that  on  long  levels  the  capacity  will  be 
considerably  smaller  than  it  would  be  if  the  bed  were  inclined,  and  it  would  probably  be  necessary  to  give  the 
canal-bed  a  slope  on  many  levels,  or  to  raise  the  water  at  its  head — proceedings  which  would  either  reduce  the  fall 
available  at  the  locks,  or  necessitate  the  raising  of  the  dams  and  the  embankments.  Assuming,  however,  that  the 
fall  of  the  bed  of  the  canal  is  1  and  2  feet  per  mile,  then  the  capacity  of  the  canal,  the  total  available  fall  between 
Eichmond  and  Lynchburg,  and  the  total  theoretical  power  between  those  points,  are  given  in  the  following  table. 


a  Between  the  years  1848  and  1868,  the  number  of  days  during  which  the  James  Eiver  and  Kanawha  canal  was  closed  by  ice  varied 
from  0  to  56,  the  average  for  the  20  years  being  15  days.  _ 
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The  capacity  of  the  canal  is  the  same  as  previously  given  for  the  Eichiuond  level,  the  same  dimensions  being; 
assumed : 


Section  of  canal. 


■Width  at  surface,  50  feet ;  width  at  bottom,  30  feet ;  deptb,  5  feet. 
Width  at  surface,  60  feet;  width  at  bottom,  40  feet;  depth,  6  feet. 


Fall  Distance 

between    j    between 
Hichmond     Kichmoud 
and 


Fall 
of  bed 

J^Z     ,        and 


Lynchburg. 


Feet. 
■       1 


I 


Feet. 


429 


J 


Miles. 


^lli  b^    ^«t™?t«<i 

tweenRich.  '^^^^^^^ 

mond  and     ''*°*^  ^i"^ 


Lynchburg. 

Feet. 
283 
137 
283 
137 


second*. 

Cubicfeet. 
360 

am 

600 
900 


IIOBBS-POWEK 
AVAILABLE,  GROSS. 


Per  foot 
fall. 


40.0 

.56.8 

68.2 

102.3 


Total. 


11,320 

7,782 
19,300 
14.  015 


The  table  shows  that  the  total  power  available  is  about  40  per  cent,  greater  with  a  fall  of  1  ibot  per  mile  than 
with  one  of  2  feet.  The  table  given  on  page  21  for  the  power  at  Lynchburg  will  show  that  the  flow  of  the  stream  at 
that  place  is  probably  seldom  less  than  600  cubic  feet  per  second,  so  that  the  power  given  in  the  table  above  could 
probably  be  realized  if  favorable  ground  for  location  could  always  be  found.  It  is  sufScieut  to  call  attention  here  to. 
these  figures  as  giving  a  rough  idea  of  the  power  lying  here  unemployed. 

Although  there  is  no  power  used  directly  from  the  river  between  Eichmond  and  Lynchburg,  a  certain  amount 
is  already  used  from  the  canal.  The  first  power  is  just  opposite  Grant's  dam,  where  there  are  two  locks  withi 
10  feet  lift  each.  The  water  is  passed  round  these  locks,  and  the  fall  of  20  feet  is  used  for  the  new  water- works  of  the 
city  of  Eichmond.  The  amount  of  water  to  be  used  was  stated  at  283  cubic  feet  per  second,  which  would  give  643  gross 
horse-power  with  a  fall  of  20  feet.  The  amount  of  water  to  be  taken  for  supplying  the  city  was  stated  at  12,000,000' 
gallons  daily,  with  provision  for  an  eventual  increase. 

Between  the  Eichmond  level  and  the  Lynchburg  level  there  are  sixteen  other  establishments  taking  power  from 
the  canal,  using  in  all  about  278  cubicfeet  per  second,  for  which  $5,975  per  annum  is  paid;  but  none  of  these 
establishments  are  of  much  importance.     They  are  all,  or  nearly  all,  flour-,  grist-,  and  saw-mills. 

The  table  on  pages  22  and  23  gives  a  list  of  the  dams  on  the  stream  between  liichmond  and  Lynchburg,  as  well 
as  above,  with  their  dimensions.  All  of  these  dams,  except  Grant's  and  Seven-Island,  ofler  good  sites  tor  power,  aa 
approximate  estimate  of  which  will  be  found  in  the  table  on  page  23.  Eegarding  intermediate  falls  on  the  stream 
it  is  said  that  power  could  be  obtained  a  short  distance  above  ScottsvilJe,  and  at  Fallsburg,  1  mile  above  Warren, 
but  1  did  not  verify  these  statements.  There  are  51  lift-locks  on  the  canal  between  Eichmond  and  Lynchburg, 
averaging  8J  feet  lift,  and  4  gu^rd-locks  at  the  dams.  At  each  of  the  lift-locks,  according  to  what  has  been  said,, 
a  certain  amount  of  power  could  be  utilized  if  the  land  is  favorable  for  building. 

The  next  place  above  Eichmond  where  power  is  used  to  any  considerable  extent  is  at  Lynchburg.  The  river 
has  at  this  place  a  fall  of  about  23  or  24  feet  in  a  distance  of  4  miles,  at  tlie  center  of  which,  or  rather  below,  is  the- 
city.  The  bed  of  the  stream  is  rock  and  gravel,  the  channel  is  interspersed  with  islands,  especially  at  the  head  of 
the  fall,  and  the  banks  are  favorable  for  building,  being  above  all  hut  the  higliest  freshets,  yet  not  steep.  Power 
is  used  here  in  two  ways — from  the  navigation  canal,  and  from  a  second  canal  running  parallel  to  the  first,  both, 
supplied  from  the  same  dam.  The  south  end  of  the  dam  is  about  2  miles  below  the  head  of  the  falls,  and  from 
this  point  it  extends  \eiy  irregularly  and  diagonally  across  the  river,  reaching  the  opposite  bank  nearly  2  miles- 
farther  up  stream,  or  near  the  head  of  the  falls.  From  the  south  bank  a  stone  dam,  built  as  an  arc  of  a  circle  with, 
a  chord  of  120  ieet  and  an  ordinate  at  the  center  of  about  20  feet,  extends  to  the  ioot  of  an  island.  It  was  built  in 
1839,  and  is  1'^  feet  high.  From  the  head  of  this  island  a  wooden  dam  extends  nearly  up  and  down  stream,  to  the 
lower  end  of  a  second  island,  and  in  this  way  the  dam  is  carried  across  the  river  from  island  to  island.  The  wooden 
dams  are  generally  not  over  3  or  4  feet  high  and  are  not  substantial.  It  is  proposed  to  raise  the  stone  dam  2  feet 
and  to  extend  it  straight  across  the  river,  the  cost  of  this  improvement  having  been  estimated  by  Mr.  Harris  at 
about  $60,000.  From  the  Lynchburg  level  of  the  navigation  canal  nine  establishments  are  supplied  with  water- 
power,  using  together  about  391  cubic  feet  per  second,  with  an  average  fall  to  the  river  of  about  17  feet,  giving 
therefore  about  750  gross  horse-])ower.  The  fall  on  this  level  from  canal  to  river  varies  from  about  13  feet  at  the- 
dam  to  22  or  23  feet  at  a  point  2  miles  below.     The  mills  on  the  level  are  as  follows : 

Horse-power. 
Moiris'  barytes-niill,  17  feet  fall __ 35 

Hall's  flonr-mill _ 

Heald's  bark-mill,  16  feet  fall 30 

Snead  &  Winstou's  planiDg-mill,  16  feet  fall 25 

Lynchburg  Iron  Company's  rolling-mill,  12  to  14  feet  fall 40 

Piedmont  flour-mill,  12  feet  fall I50 

Piedmont  corn-mill,  13  feet  fall 40 

Percival's  machine-shop 

Dabney's  foundery — 

City  flour-mill,  12  feet  fall 200- 

The  water-rents  for  these  establishments  amount  to  $3,295  30  annually. 

538 


THE  MTDDIJ':  ATLANI^IC  WA1M-:R-SHED. 


21 


The  head-gates  of  the  second  canal  are  by  the  side  of  the  guard-lock  of  the  canal,  between  it  and  the  river. 
The  canal  is  about  one-quarter  of  a  mile  long,  and  averages  30  feet  in  width  and  5  to  6  feet  in  depth,  hut  is  very 
A^ariable  in  section.     On  it  are  located  the  following  mills,  discharging  their  water  into  the  river : 

«  Uorse-powcr. 

James  Ki ver  Foumlcry  iind  Mauufacturing  Coiupauy,  Hi  feet  fall 20 

J.  P.  Pettyjobn's  plauing-mill,  12  feet  fall 40 

K.  S.  Dawson's  tobacco-box  mill,  12  feet  fall '. 15 

Sumac-mill,  12  feet  fall 18  to  20 

City  water-works,  12  feet  fall 100 

Total  195 


The  water-power  from  this  canal  is  controlled  by  the  city,  but  water  is  not  leased  at  any  regular  rate,  on  account 
of  old  agreements  and  contracts.  At  present  the  city  also  controls  the  water-power  from  the  navigation  canal, 
according  to  some  special  agreement. 

All  the  mills  at  Lynchburg  are  troubled  sometimes  by  high-water,  but  the  interruption  from  this  cause  does 
uc:t  exceed  two  weeks  or  thereabout  in  the  year.  The  freshets  of  1870  and  1877  did  considerable  damage  to 
property,  carrying  away  each  time  part  of  the  dam  (one  of  the  small  wooden  dams),  and  in  the  latter  year 
overflowing  and  breaking  through  the  water-works  race  and  carrying  away  considerable  lumber.  There  is  no 
trouble  with  ice,  there  being  no  liability  to  icejams  in  the  river. '  During  the  dry  season  there  is  often  scarcity  of 
water,  even  on  the  navigation  canal,  but  this  is  due  to  imperfections  of  the  dams  or  want  of  sufficient  capacity  on 
the  canals.  Ou  the  water-works  canal  more  trouble  is  experienced  in  this  respect,  some  of  the  mills  being  able  to 
run  at  full  capacity  only  during  eight  mouths,  and  the  capacity  falling  as  low  as  between  one-half  and  two- thirds  in 
dry  seasons. 

The  drainage  area  aboxe  Lynchburg  is  about  3,650  squaie  miles,  and  the  rainfall  about  41  or  42  inches — 12  in 
spring,  12  in  summer,  8  in  autumn,  and  10  in  winter.  The  minimum  flow  is  stated  by  some  engineers  at  1,000 
cubic  feet  per  second,  but  I  have  no  doubt  that  it  is  much  less.  In  the  absence  of  further  measurements,  I  have 
estimated  the  flow  and  power  as  in  the  following  table: 


Estintute  of  flow  and  potcer  at  Lynchburg. 


state  of  How  (scc>  Raf^es  8  tu  11). 


Drainage 
area. 


FaU. 


!Flow  per 
Hecond. 


Minimum 

Minimum  low  season  . . . 
Maximum  witli  storage  . 
Low  season,  dry  years  . . 


Sq.  mUen. 


I 
Feet.        j  Cubic  feet. 

! !  540 

650 

3.  200 

U  740 


13-22 


Horse-power  availal)le,  gross. 


1  footfall. 

61.3 

73.8 

363.6 

84.1 


13  feet  fall.    22  feet  fall.  ! 

i 


797 

959 

4,727 

1,093 


1,350 
1,625 
8,000 
1,850 


There  seems  to  be  no  reason  why  the  whole  of  the  power  could  not  be  utilized,  excepting,  probably,  the  maximum 
with  storage,  regarding  which  it  is  impossible  to  state  definitely  whether  suflEicient  reservoir  room  could  be  secured. 
As  regards  facilities  for  transportation,  Lynchburg  is  very  favorably  situated,  as  the  map  shows.  Already  of 
importance,  its  manufactures  could  be  greatly  enlarged  if  the  whole  of  the  available  power  were  properly  utilized. 

Between  Lynchburg  and  Buchanan,  the  western  terminus  of  the  canal,  water-power  is  used  directly  from  the 
river  at  only  one  point,  known  as  Irish  falls,  in  Amherst  county,  where  about  50  horse-power  is  used  for  an  iron 
furnace,  saw-  and  grist-mill.  The  dam  is  of  crib- work,  1,200  feet  long  and  about  8  feet  high,  backing  the  water 
half  a  mile,  and  the  fall  used  is  9  feet,  with  a  race  of  400  yards.  There  is  also  very  little  power  used  from  the 
canal,  the  quantity  of  water  amounting  to  only  55  cubic  feet  per  second,  supplied  to  a  rolling-mill.  At  each  of  the 
canal  dams,  however,  and  at  various  points  along  the  canal,  and  at  the  locks,  power  could  be  used  without  difficulty. 
As  the  table  on  page  23  shows,  there  are  in  this  distance  12  dams ;  5  of  these  aie  of  stone  and  7  of  timber,  varying 
in  length  from  about  400  to  800  feet  and  over,  and  in  height  from  about  8  to  30  feet,  at  all  or  nearly  all  of  which  a 
large  amount  of  power  could  be  used.  The  total  fall  in  the  river  between  the  points  mentioned  is  299  feet,  or  nearly 
6  feet  per  mile.    The  following  table  is  similar  to  that  on  page  20 : 


Section  of  canal. 


Width  at  surface,  50  feet;  width  at  bottom  30  feet;  depth,  5  feet.. 
Width  at  surface,  60  feet;  widthatbottom,  40  feet;  depth,  6feet.. 


Pall 

of  bed 

per 

mile. 


Feet. 


Fan 

between 

Lynchburg 

and. 
Buchanan. 


Distance  , 
between    i 

Lynchburg] 
and        I 

Buchanan. 


Estimated 
Available    capacity  of 
fall.  canal  per 

second. 


HOKSE-POWEU 
AVAILABLE,  GROSS. 


Per  foot 
faU. 


Feet 


Miles. 

Feet. 

Cubiefeet. 

f 

249 

0  350 

40.0 

9,960 

199 

500 

!,e.  8 

11,  303 

249 

600 

68.2 

16,982 

i 

199 

900 

102.3 

20,358 

a  The  flow  of  stream  in  dry  weather  is  probably  not  350  cnbic  feet  per  second  except  in  lower  portion  of  the  distance. 
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lu  tHis  case,  however,  the  enlarging  of  the  canal  would,  without  doubt,  be  exceedingly  expensive;  but  as  the 
minimum  flow  at  Lynchburg  is,  according  to  the  table  on  page  21,  only  540  cubic  feet  per  second,  and  probably 
only  about  330  cubic  feet  per  second  at  Buchanan,  the  enlargement  would  practically  be  unadvisable.  The  principal 
locations  on  this  section  of  the  canal  would  seem  to  be  at  the  dams,  and  estimates  of  the  power  at  these  places 
are  given  on  page  23.  These  dams  are  very  substantial  structures,  the  stone  ones  being  built  up  in  hydraulic 
cement  with  nearly  vertical  faces,  and  the  wooden  ones  being  composed  of  crib-pens  filled  with  stone,  with  sloping 
tops  and  backs  and  almost  vertical  faces,  sheeted  behind  and  on  top,  and  all  being  founded  on  rock.(ct)  The 
Eichmond  and  Alleghany  railroad,  when  completed,  will  afford  a  most  convenient  means  of  transportation  along  the 
river,  and  it  is  needless  to  say  that  building  materials  are  to  be  had  in  great  abundance  and  of  fine  quality. 

From  Buchanan  to  the  head  of  the  river — the  junction  of  Jackson's  and  Cowpasture  rivers — the  distance  is 
about  29  miles  and  the  fall  about  202  feet,  or  at  the  rate  of  about  7  feet  per  mile.  No  power  whatever  is  used  on 
this  part  of  the  stream,  although  there  are  numerous  sites  where  power  could  be  obtained.  The  declivity  of  the 
stream  being  tolerably  uniform,  there  are  no  precipitous  falls,  but  at  numerous  points  dams  could  easily  and 
advantageously  be  located.  It  was  at  one  time  intended  to  continue  the  canal  up  the  river  and  over  the  Alleghenies, 
and  all  the  upper  part  of  the  James  and  part  of  Jackson's  river  were  surveyed  with  this  object  in  view,  and  the 
locations  for  two  dams  between  Buchanan  and  the  head  of  the  dam  were  determined  upon  and  the  dams  themselves 
partially  constructed.  One,  the  Cabell  dam,  9  miles  above  Buchanan,  was  built  to  a  height  of  5  feet  entirely  across 
the  river,  being  constructed  of  wood  on  a  rock  foundation ;  and  the  other,  at  the  Old  Forge,  15  miles  above  Buchanan, 
to  be  built  entirely  of  stone,  was  not  carried  quite  so  far.  At  the  former  place,  which  is  about  2  miles  above 
Saltpetre  Gave  statipn,  on  the  railroad,  the  banks  are  good,  and  a  dam  could  be  built  probably  8  feet  high,  while 
for  a  mile  below  there  is  some  fall  which  might  be  worth  utilizing,  so  that  with  a  canal  half  a  mile  long,  probably 
a  fall  of  10  or  12  feet  could  be  used,  while  with  a  shorter  race  8  or  10  feet  could  probably  be  easily  obtained.  At  the 
Old  Forge,  about  1^  mile  above  Salisbury  Furnace,  it  would  be  easy  to  utilize  power  on  the  left  bank,  and  t)robably 
from  6  to  10  feet  could  be  rendered  available.  None  of  the  other  sites  seem  of  much  importance,  though  there 
are  a  number  of  rifts  where  power  could  be  developed,  but  at  no  place,  it  is  said,  is  there  a  fall  of  over  4  or  5  feet. 
The  fall  is  gradual,  the  bed  and  banks  gravel,  clay,  sand,  etc.,  with  rock  at  a  small  depth  in  most  places.  The 
river  in  this  part  of  its  course  is,  on  the  average,  perhaps  250  or  300  feet  wide.  Although  no  power  is  at  present 
used,  there  have  been  in  times  past  several  grist-mills  above  Buchanan,  but  none  using  large  powers. 

The  following  tables  give  the  statistics  of  dams  and  of  power  utilized,  and  estimates  of  the  power  available  at 
the  dams.  Eegarding  the  latter,  it  is  to  be  mentioned  that  Mr.  E.  Lorraine,  the  late  chief  engineer  of  the  canal,  in  a 
report  made  in  1866,  "  on  the  points  at  which  wa,ter-power  can  be  spared  from  the  dams  and  canal",  does  not  mention 
Judith's  or  Blue  Eidge  dam ;  and  it  may  be  that  the  land  at  those  localities  is  not  favorable  for  location. 


Table  of  statistics  regarding  dams  of  the  James  River  and  Kanawha  Canal  Company  on  the  James  river. 

[Heights  given  above  foundation  and  above  -water-surface.] 


DAM. 

POND. 

JName  of  dam. 

Distance 

from 
Eichmond. 

Length. 

Height. 

Material. 

Date  of 
erectiBn. 

Cost. 

Length. 

Whether  used  for 
navigation. 

Eemarks. 

Grant's 

Miles. 
3.0 

9.0 
29.0 

Feet, 
1,700 

902 
1,026 

Feet. 
4 

I'll 

Wood 

1855  (?) 

1857-'58 

1852-'53 
1340 

1860 

1870 

1839 

185D-'51 

1849-'51 

$20,  000 

70,  000 
80,  000 

Miles. 

Feeder  only 

■  Navigation 

5  miles  navigation. 
Feeder  only 

2J  miles   naviga- 
tion. 

2i  miles    naviga- 
tion. 

2    miles    naviga- 
tion. 

4    miles    naviga- 
tion. 

2^   miles   naviga- 
tion. . 

Dam  does  not  extend  entirely 
across  river.  No  water- 
power. 

Cut  granite  in  cement 

Cut  granite  in  cement 

Wood 

10 
5 

Maiden's  Adventure. 

109.0 
135.5 
148.5 
152.0 

157.0 

550 
600 

I'll 

Cut  granite  in  cement 

Cut  granite  in  cement 

Part  stone,  part  wood 

Cut  stone  in  cement 

Cut  stone  in  cement 

60,  000 
50,  000 

enter  canal  from  other  side 
of  river.  Does  not  extend 
entirely  across.  No  water- 
power. 

3 

2 
4 

2i 

liebuilt  in  1870. 

Extends  in  a  broken  line  from 
island  to  island. 

725 
498 

If.} 

100,  000 
or  over. 

35, 000 

i^-^^iy  Faffle             

a  On  this  section  of  the  canal  (Lynchburg  to  Buchanan)  there  are  22  miles  of  canal,  28  miles  of  slack-water  navigation,  38  locks, 
2  aqneducts,  17  tow-path  bridges,  and  two  farm  bridges. 
540 
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Table  of  statistics  regarding  dams  of  the  James  Eicer  and  Kanawha  Canal  Company  on  the  James  ricer — (^oiitiuueti. 


Name  of  dam. 


Pedlar 

Coleman's  Falls 

Big  Island 

Cushaw 

Blue  Ridge 

Quarry  Falls 

Vamey's  Falls.. 

Indian  Rock 

Wasp  Rock 


Distance 

from        Length,  j  Height. 
Richmond. 


lifiles. 
100.0 

162.5 

166.5 

170.5 
176.0 

178.5 
185.5 
.189.5 
194.0 


Feet. 
454 

672 


843 

455  ' 

I 

582 
488 
613 
384 


Matedal. 


Ciit  stone  in  cement 

218  feet  stone,  354  feet  wood. 
Stone 


Wood. 


Feet. 
C2I 

1121 
.10, 
(10* 
13       150  feet  stone,  305  feet  wood . 

c  13  ) 

}    ^^  130  feet  stone,  446  feet  wood. 

{\l\'^'"'^ 

j"?    Wood 

(16  .* 

['"rvood 

(15) 


Date  of 
erection. 


1840-'51 

1849-'51 

1849-'51 

1849-'51 
1849-'61 

1849-'51 
1849-'61 
1849-'61 
1849-'51 


Cost. 


$35,  000 

80,  000 

35,  000 

20,  000 
20,  000 

25,  000 
20,  000 
30,  000 
30,  000 


Length. 


Miles. 
2 

3 

2 

1 
3  and  li 

24 


Remarks. 


Whether  used  for 
navigation. 


2  miles    naviga- 
tion. 

3  miles    naviga- 
tion. 

2    miles    naviga- 
tion. 


i3  miles  on  Jumes 
-li  miles  on  North 

2J   miles  naviga- 
tion. 

3    miles     uavi'ia- 
tion. 

3    miles    naviga- 
tion. 

3    miles    naviga- 
tion. 


Boats  cross  river  ill  pond. 

f  At  confluence  of  North  river. 
<  Stone  part  in  front  of  old 
(    wooden  part. 

Not  very  favorable  for  power. 

Not  so  favorable  for  power  as 
the  two  below. 

Easy  to  utilize  for  water-power. 
Easy  to  utilize  for  water-power. 


James  river — Table  of  power  available  at  Richmond  and  at  canal  dams. 


locality. 


Richmond 

Bosher's  dam.   

Maideu's  Adventure  dam. 

Tye  River  dam 

Joshua  Falls  dam 


Lynchburg . 


ge 


i  Miles. 


\         0.0 

9.0 

29.0  1 

109.0  I 

135.5 

148.5 
152.0 

Sg.  m. 
6,800 
6,760 
6,560 
4, 350  1 
3, 750  1 


3,650 


Judithsdam    152.0 

157.0  [ 
160.  0  I 

162.5  ; 

166.5 
170.5 
176.0 


Bald  Eagle  dam 

Pedlar  dam 

Coleman's  Falls  dam 

Big  Island  dam 

Cushaw  dam 

Blue  Ridge  dam 

Quairy  Falls  dam !    178.  5 

Yamey's  Falls  dam I    185.5 

Indian  Rock  dam 189.  5 


Wasp  Rock  dam . 
Buchanan 


194.0 
198.0 


47.3 
475 
345 
285 
2«5 
245 
400 
375 
340 
300 
200 


RAINFALL. 


In.  1  III.   In.   In. 


12 
12 


9 

12  '  9 

12  '  9 

12  9 

12  '  8 

12  8 

12  I  8 

12  '  "8 


TOTAL  FALL. 


Feet. 
84 

9 
10 
10 

9 

13-22 

25 
14 
12 
U 
12 
10 
13 
13 
14 
10 
15 


Miles. 
3 
0 
0 
0 
0 


HOBSE-POWEH  AVAILABLE, 
GKOSS.  (a) 


0-2 


12, 4(i0 

1,300 

1,400 

750 

575 

800 

350 

0  1    1,  500 

850 


111, 


700 
800 
675 
550 
700 
525 
550 
650 
575 


14, 300 

1,500 

1,050 

900 

700 

950 

1,625 

1,800 

1,000 

850  I 

950  [ 

800 

050 

850 

625 

650 

775 

700 


a  a 

a  ffl 

is 


57,  000 
6,000 
6,600 
4,  350 
3,400 
4,700 
8,000 
8,800 
4,800 
4,200 
4,700 


3,  950  1 

3,250 

4,200 

3,100 

3,350 

3,750 

3,500 

16,  800 

1,750 

1,900 

1,150 

800 

1,100 

1,850 

2,050 

1,150 

970 

1,100 

900 

750 

975 

700 

750 

900 

800 


UTILIZED. 


&  a 


3,705 
0 
0 
0 
0 


Remarks. 


750 ±1     12-10  j 


Some    power   used 
,  .     from    canal,    but 
.|  f     none   directly  at 
the  dams. 


a  See  pages  8  to  11. 


TRIBUTAEIBS   OP  THE   JAMES  EIYEE. 

The  first  important  tributary  of  the  James  is  the  Chickahominy,  which  enters  from  the  north,  on  the  boundary 
line  between  the  counties  of  Charles  City  and  James  City,  after  haying  pursued  a  course  of  about  50  miles,  measured 
in  a  straight  line,  and  draining  an  area  of  about  412  square  miles.  But  though  important  by  reason  of  its  size,  it 
is  altogether  without  water-power.  Taking  its  rise  just  about  on  the  fall-line,  it  is  sluggish  and  altogether  unfavorable 
for  power  for  its  entire  length. 

The  next  tributary,  and  the  most  important  affluent  of  the  James,  is  the  Appomattox,  which  enters  from  the 
south  between  Chesterfield  and  Prince  George  counties.  It  takes  its  rise  in  Appomattox  county,  and  pursues  a 
general  easterly  direction,  forming  the  boundary  line  between  the  counties  of  Buckingham,  Cumberland,  Powhatan, 
and  Chesterfield  on  the  north,  and  Prince  Edward,  Amelia,  Dinwiddle,  and  Prince  George  on  the  south,  and  flowing 
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through  the  town  of  Petersburg,  where  it  crosses  the  fall-liue,  giving  rise  to  a  fine  water-power  at  that  place,  which 
is  the  head  of  navigation  and  of  tide- water.  The  length  of  the  stream,  measured  in  a  straight  line,  is  about  85  miles, 
but  by  the  river  it  is  considerably  greater,  the  distance  from  tide-water  to  a  point  38J  miles  above  Farmville,  and 
therefore  probably  not  far  from  the  source  of  the  stream,  being  about  135  miles. (a)  The  river  drains  an  area  of  about 
1,565  square  miles,  of  which  1,325  are  above  Petersburg.  The  principal  tributaries  of  the  stream  are:  Swift  creek, 
which  enters  from  the  north,  below  Petersburg,  after  draining  about  1C5  square  miles ;  Deep  creek  and  Flat  creek, 
which  enter  from  the  south,  in  Amelia  county,  and  drain,  respectively,  173  and  112  square  miles.  The  drainage 
basin  of  the  Appomattox  lies  entirely  east  of  the  Blue  ridge,  in  the  middle  and  eastern  divisions  of  the  state,  and 
seems  to  offer  no  peculiarities.  It  contains  no  lakes;  the  rainfall  averages  about  43  inches— 12  in  spring,  12  in 
summer,  10  in  autumn,  and  9  in  winter;  and  the  stream  is  similar  in  all  essential  respects  to  the  James  in 
corresponding  parts  of  its  course.  Like  that  river,  it  is  subject  to  sudden  and  heavy  freshets,  but  they  are  said 
to  be  rather  less  violent  than  those  on  the  former  stream ;  and  the  flow  of  the  Appomattox  is  said  to  be  on  the 
whole  more  uniform  and  proportionally  greater  in  dry  seasons  than  that  of  the  James — facts  which  find  their 
-explanation  in  part  in  the  distribution  of  the  rainfall. 

The  following  table  gives  an  idea  of  the  declivity  of  the  stream: 

Table  of  declivity  of  the  Appomattox  river. 


Locality. 

Distance 
from  tide- 
water. 

Elevation 
above  tide. 

Distance 
between 
points. 

Fall       1    I'allper    | 
Feet.       '       Feet. 

Miles. 

Feet. 

Miles. 
1        6.25 

I       38. 00 
1         5.00 

liOwest  dam  of  Upper  Appomattox  Company . 

6.25 

110 

liO    1          17.60 

BiclimoncL  and  Danville  Railroad  crossing 

Atlantic,  Mississippi,  and  Ohio  Eailroad  first  crossing    . . 
Atlantic,  Mississippi  and  Ohio  Eailroad  second  crossing.. 

54  ± 
92  ± 
97  ± 

175 
265 
300 

65                1. 36 
90                2. 40 

35                 7. 00 

This  table  is  in  many  respects  inaccurate,  the  distances  having  been  roughly  measured  from  a  map  ;  but  it 
serves  to  show  that  the  declivity  is  small  above  the  falls  at  Pietersburg,  being  even  smaller  than  that  of  the  James. 
The  stream  is,  moreover,  quite  inaccessible  between  Petersburg  and  Farmville,  and  its  water-powi-r — whatever 
there  may  be  of  it — is  not  extensively  n-s'  d  above  the  former  place. 

As  already  mentioned,  Petersburg  is  at  the  head  of  tidewater,  and  vessels  drawing  11  feet  of  water  come  up 
to  the  city.  In  this  respect  the  stream  resembles  the  James,  the  fall-line  being  at  the  head  of  tide  and  navigation. 
Above  Petersburg,  navigation  has  been  cairied  on  by  fl:it-boats,  the  river  having  been  made  iiiivigable  long  ago 
by  the  Upper  Appomattox  Company — still  in  existence — which  has  the  chartered  right  to  navigate  the  stream  up 
to  Farmville.  It  is  said  that  the  river  is  susceptible  of  being  made  navigable  by  bateaux  carrying  20,000  pounds 
up  to  Plantersville,  16  miles  above  Farmville,  and  that  navigation  was  at  one  time  established  up  to  this  point;  butr 
that  part  of  It  above  Farmville  was  abandoned  some  thirty  years  ago  on  account  of  the  building  of  the  railroad. 
At  present,  navigation  extends  up  to  Clementown,  70  miles  above  Petersburg,  and  it  is  said  that  it  could  be  extended 
to  Farmville  at  small  cost;  but  above  this  the  stream  is  very  small.  At  the  present  time  the  river  is  navigated  only 
to  a  small  extent,  the  railroad  having  absorbed  most  of  the  traffic,  although  it  is  often  a  number  of  miles  from  the 
stream.  The  navigation  works  consist  of  locks  and  dams,  and  one  canal  extending  from  Petersburg  to  the  lowest 
dam,  a  distance  of  5J  miles,  with  a  fall  in  that  distance  of  about  32  feet,  (a)  overcome  by  locks.  Above  this  is  a 
series  of  dams,  converting  the  river  into  a  series  of  navigable  pools.  The  locks  are  60  feet  long,  10  feet  wide,  with 
lifts  of  7  feet,  and  there  are  8  dams  between  Petersburg  and  Clementown. 

Describing  the  powers  on  the  river  in  their  order,  the  first  is  that  at  Petersburg.  According  to  -what  has  been 
said,  the  fall  from  the  canal  basin  at  Petersburg  to  tide  water  is  77J  feet,  the  fall  on  the  canal  32  feet,  and  the  fall 
from  the  lowest  navigation  dam  to  tide— in  a  distance  of  (Jl;  miles— about  110  feet,  (a.)  The  principal  part  of  this 
fall,  however,  occurs  in  the  first  mile  or  two  above  tide-water,  amounting  to  70  or  80  feet,  and  is  used  by  various 
establishments,  supplied  from  4  dams : 

L  The  lowest  dam— 1^  mile  above  the  head  of  navigation  and  about  13  miles  from  the  James— is  350  feet 
long  and  8  feet  high,  and  is  a  crib-work  structure  extending  in  the  shape  of  a  >  across  the  stream.  It  has  been 
built  many  years,  and  supplies  power  to  the  following  establishments : 

a.  Williams'  corn-  and  sumac-mill  and  cotton-gin — 10  feet  fall;  45  horse-power;  full  capacity  during  eight 
months,  rest  of  the  year  one-third. 

b.  City  flour-mills  (Davis,  Eoper,  &  Co.) — 10  feet  fall:  100  horse-power;  full  capacity  eight  to  nine  months,  rest 
of  the  year  one-third. 

c.  Jones  &  Co.'s  sumac-  and  bark-mill — 10  feet  fall;  30  horse-power;  full  capacity  twelve  months. 


a  Twenty -seventh  Iteport  of  Board  of  Puhlio  Works  of  Virginia. 
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These  mills  ruu  iiigbt  aud  day  aud  are  all  ou  the  south  side  of  the  river.  lu  the  summer  and  fall,  when  the 
«tream  is  lowest,  there  is  no  water  wasted,  and  even  then  it  seems  that  there  is  a  great  lack  of  water.  It  will  be 
be  noticed  hereafter  that  a  portion  of  the  water  of  the  river  is  diverted  several  miles  above,  at  the  lowest  navigation 
dam,  passing  through  the  canal,  and  affording  power  to  several  mills  in  Petersburg.  These  mills,  however, 
discharge  their  tail- water  into  the  pond  of  the  dam  which  has  just  been  described,  so  tlmt  the  mills  above  mentioned 
use  the  entire  flow  of  the  stream. 

2.  The  second  dam  is  also  of  crib-work,  400  feet  long  and  0  feet  high,  originally  built  about  the  year  1835,  but 
rebuilt  in  18G5  at  a  cost  of  $3,000,  and  pondijig  the  water  for  about  a  quarter  of  a  mile.  From  it  two  races  about 
a  ijuartcr  of  a  mile  long,  one  on  each  side  of  the  river,  lead  to  the  mills,  which  are  situated  at  the  head  of  the  pond 
below  : 

((.  Eagle  mills,  corn  and  flour— 17  feet  fall;  SO  liorsc  power;  full  capacity  eight  montlit);  one-half  capacity  ten 
months;  one  fourth  capacity  twelve  months. 

h.  Eames'  saw-  and  planing-mill,  sash  and  bbud  factory — 16  feet  fall ;  20  horse-imwer ;  full  capacity  nine  months; 
one-half  capacity  twelve  months. 

C-.  Allen's  corn-mill  and  cotton-gin — 17A  feet  fall;  45  horse-power. 

(1.  Powhatan  mill,  flour  and  corn — IC  feet  fall;  50  horse-power. 

The  above  are  all  ou  the  north  side  of  the  river.     On  the  south  side  are  the  following: 

<(.  Kevau"s  flour-mill — 14  feet  fall;  80  horse-power;  full  capacity  nearly  all  the  time. 

/*.  "Merchants""  cotton  factory — closed  since  1875;  ran  2,500  spindles  and  100  looms;  fall  14  feet.  This  mill 
was  run  wholly  or  in  part  by  water  take  n  from  the  canal  of  the  Upper  Appomattox  Company,  and  therefore 
diverted  fiom  the  river  over  5  miles  above. 

It  is  stated  that  although  in  summer  no  water  wastes  over  the  dam,  yet  the  mills  have  to  run  at  a  small  fraction 
■of  their  full  capacity  during  several  mouths. 

.!.  The  third  dam  is  of  wood  and  stone,  some  700  feet  long  and  5  or  6  feet  high,  and  sui^plies  power  to  the 
•cotton-mill  of  the  Ettrick  3!anufacturing  Company  on  the  north  side  of  the  river,  and  to  that  of  the  Battersea 
Manufacturing  Company  ou  the  south  side.  The  former  uses  a  fall  of  17J  feet  and  an  estimated  power  of  200 
horse-i)o\^  er;  the  latter  uses  12  feet  fall  aud  140  horse-power.  Both  mills  run  between  eleven  and  twelve  hours  per 
•day,  but  the  pond  is  not  large  enough  to  store  the  water  completely  at  night.  In  summer  there  is  no  waste  during 
the  day  time.  Full  capacity  can  be  secured  during  about  eight  months,  averaging  from  two-thirds  to  three-fourths 
•during  the  rest  of  the  year. 

4.  The  fourth  dam  is  of  wood  and  stone,  about  300  feet  long  aud  2^  feet  high,  and  supplies  power  to  the  cotton- 
mill  of  the  Matoaca  Manufacturing  Com^jany  on  the  north  side  of  the  river.  The  fall  is  16  feet  and  the  power 
265  horse-power.  In  summer  there  is  no  waste  during  the  day-time,  but  the  pond  is  not  large  enough  to  store  the 
water  completely  during  the  night,  the  mill  being  run  eleven  hours.  Full  capacity  can  be  secured  nine  months, 
and  three  four-ths  during  the  remaining  three  months. 

None  of  the  mills  referred  to  use  steam  except  the  Matoaca,  which  has  reserve  steam  for  periods  of  low  water. 
There  is  little  unimproved  fall  between  these  dams.  Notwithstanding  the  freshets,  there  is  no  trouble  in  maintaining 
the  dams,  the  bed  of  the  stream  being  rock.  The  banks  are  close  and  shelving,  but  not  steep,  aud  the  facilities  for 
■constructing  canals  aud  buildings  are  everywhere  good.  During  freshets  the  mills  are  sometimes  obliged  to  stop 
running  for  a  few  days,  but  there  is  little  or  no  trouble  with  ice. 

5.  The  fifth  dam  is  the  lowest  navigation  dam,  which  diveits  part  of  the  water  into  the  canal,  so  that  the 
mills  above  mentioned,  except  those  fed  from  the  first  dam  (and  Kevan's  flour-mill),  obtain  only  what  water  flows 
over  the  navigation  dam.  How  much  water  the  navigation  company  may  turn  into  its  canal  is  a  question  not 
■decided.  Leaving  the  river  about  5  miles  west  of  Petersburg,  the  canal  conducts  to  the  basin  at  the  city,  which  is 
the  lowest  point  that  can  be  reached  by  boats.  The  dam  at  the  head  of  the  canal  extends  entirely  across  the 
river,  which  is  here  divided  into  two  arms  by  an  island;  its  total  length  is  about  400  ieet  and  its  height  4  or  5 
feet;  its  crest  is  lOt)  or  110  feet  above  low  tide.  About  half-way  between  the  dam  aud  the  basin,  or  2  miles  west 
-of  the  city,  is  a  fliglst,  of  four  locks,  with  together  a  fall  of  32  feet.  At  these  locks  there  are  two  i)owers  of  about 
15  feet  each;  the  upper  one  was  used  during  the  war  by  the  Confederate  government  for  a  powder-mill,  and  the 
lower  one  was  used  until  very  recently  for  a  snufl-mill,  but  is  now  idle.  The  entire  fall  of  32  feet,  it  would  seca., 
could  easily  be  utilized  for  power,  if  necessary.  From  the  basin  at  Petersburg,  which  is  about  77  feet  above  low 
tide,  the  water  which  comes  down  the  canal  passes  to  the  river,  driving  in  succession  several  mills,  as  follows: 

1.  Munts'  grist-mill — fall  about  14  feet;  about  50  (?)  horse-power. 

2.  Box  factory,  with  a  fall  of  about  2  Ieet,  run  by  an  undershot  wheel  driven  by  the  tail-water  from  Munts'  mill. 

3.  The  Lynch  cotton-mili — fall  14  or  16  Ieet;  about  100  horse-power. 

4.  Davis,  lioper,  &  Co.'s  cotton-mill — fail  about  16  teet,  with  a'n  overshot  wheel;  about  70  horse-power. 
From  tne  latter  mill  the  water  flows  into  the  race  leading  to  Kevan's  flour- mill.     It  was  formerly  utilized  to  run 

the  "Merchants'"  cotton-mill,  which  had  a  fall  of  14  to  16  feet,  aud  is  said  to  have  uted  about  125  horse-power,  but 
which  is  now  not  in  operation,  and  for  sale.  Kevan's  flonr-mill,  however,  as  well  as  the  mills  from  the  lowest  dam 
on  the  river,  use  this  water.  5^3 
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All  the  mills  using  power  from  the  canal  can  run  at  full  capacity  during  about  nine  months;  during  the 
remaining  three  months  the  capacity  falls  to  from  one-half  to  three-fourths;  none  of  them  use  any  steam-power. 

As  regards  the  method  of  renting  power,  Hunts',  mill  and  the  box  factory  belong  to  the  persons  running 
them,  and  the  power  is  rented  from  the  canal  company  according  to  special  agreement,  and  with  no  regular  rates. 
The  other  mills  now  running  are  owned  by  the  canal  company,  and  are  rented,  with  the  power,  according  to  spedal 
contract.  The  Merchants'  mill  was  owned  and  operated  by  a  stock  company,  the  power  only  being  rented  from 
the  Canal  company. 

Eecapitulating,  then,  the  power  used  from  the  Appomattox  in  the  6  miles  of  its  course  above  tide- water  is 

as  follows : 

T.  „     ,,  Peetfall.  Horse-power, 

From  nrst  dam :  "''''• 

Williams'  corn-  and  sumac-mill '. If  "^^ 

City  flour-mills - 10  100 

Jones'  sumac-  and  bark-mill 10  30 

Total 17^ 

From  second  dam : 

Eagle  mills 17  80               ^ 

Saw-  and  planing-mill,  etc 1^  2" 

Allen's  corn-mill l^i  45 

Powhatan  flour-  and  corn-mill - 16  50 

Kevan's  flour-mill - 14  80 

Merchants'  cotton  factory 14     

Total  first  and  second  dams 450 

From  third  dam : 

Ettrick  cotton  factory  (o) 17i  200 

Battersea  cotton  factory  (ft) 12  140 

Total 790 

From  fourth  dam : 

Matoaoa  cotton  factory  (c) 16  265 

Total 1,055 

From  fifth  (navigation)  dam : 

Venable's  snuff-mill ., • 15     

Munts'  grist-mill 14  50 

Box  factory 2  (?) 

Lynch  cotton  factory 16  100 

Davis,  Roper,  &  Co.  (^) 16  70 

Total  from  river , 1, 275 

The  drainage  area  above  Petersburg  has  already  been  stated  to  be  1,325  square  miles,  and  the  rainfall  at  43 
inches  (page  24).     The  flow  and  power  may  therefore  be  estimated  as  follows,  in  the  entire  absence  of  gaugings : 

Table  of  estimated  power  of  the  Appomattox  river  at  Petersburg. 


State  of  flow  (see  pages  8  to  11). 

Drainage 
area. 

FaU. 

Flow  per 
second. 

HOrse-power  available,  gross. 

Eemarka. 

Minimiim -  -  -  - 

Sq.  miles. 

Feet. 
«77i-6110 

Cubic  feet, 
r         175 
200 
1       1, 100 
I          235 

1  footfall. 

20.0 

23.7 

125.0 

26.7 

n  feet  fall. 
1,540 
1,750 
9,625 
2,050 

IW  feet  fall. 

2,200 

2,600 

13, 750 

2,940 

Probably  not  available. 

\      1, 325 

u  Basin  to  tide.  b  Dam  !N"o.  5  to  tide. 

It  would  probably  be  impracticable  to  increase  this  power  to  any  great  extent  by  concentrating  it  into  fewer 
than  twenty-four  hours.  It  will  be  seen  that  in  all  probability,  if  the  entire  fall  of  the  stream  from  the  navigation 
dam. to  tide-water  were  well  utilized,  about  3,000  gross  horse-power  could  reasonably  be  expected  during  the  low 
season  of  tolerably  dry  years.  The  table  just  given  shows  that  probably  little  over  one-half  of  this  power  is  at 
present  utilized.    The  power  is  an  excellent  one,  with  the  best  advantages  of  transportation,  both  by  sea  and  by  land. 

Above  Petersburg  the  stream  is  controlled  as  far  as  Farmville  by  the  navigation  company,  but  I  have  found  it 
impossible  to  obtain  complete  details  regarding  the  dams,  mills,  and  powers  not  utilized.    It  is  said,  however — and 


a  Power  stated  at  205  horse-power  in  returns  of  enumerators. 
b  Power  stated  at  160  horse-power  in  returns  of  enumerators. 


5.54 


c  Power  stated  at  313  horse-power  in  returns  of  enumerators, 
d  Power  stated  at  70  horse-power  in  returns  of  enumerators. 
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it  seems  altogether  probable — that  a  certain  amount  of  power  can  be  used  at  each  of  the  8  canal  dams  below 
Clementown.  How  much  water  would  be  available  would  depend  upon  the  amount  needed  for  locking  boats 
through,  regarding  which  I  have  no  data  on  which  to  base  estimates;  but  as  only  few  boats  at  present  navigate 
the  river,  it  is  probable  that  nearly  the  entire  flow  of  the  stream  could  be  utilized  for  power.  For  want  of  data 
regarding  heights  of  dams  and  their  locations  I  present  no  estimates.  It  was  stated,  however,  that  the  lift  of  the 
locks  was  7  feet,  so  that  this  would  probably  be  the  average  height  of  the  dams.  Some  of  the  power  at  tlyi  dams 
is  at  present  utilized,  but  details  could  not  be  obtained.  Prom  one  of  the  dams  the  Exeter  mills,  on  the  soUth 
side  of  the  river,  were  formerly  supplied,  but  the  buildings  were  burned  down  some  eight  years  ago,  and  the  site 
is  not  now  used,  though  it  is  said  to  be  one  of  the  best  above  Petersburg.  At  Farmville  there  is  a  grist-mill,  and  a 
few  small  ones  are  above,  none  of  consequence. 

The  tributaries  of  the  Appomattox,  although  they  have  some  power,  are  not  of  much  importance.  Swift  creek 
has  one  power  worth  mentioning,  at  Chesterfield  city,  the  Swift  Greek  cotton  factory,  using  75  horse-power,  with 
a  fall  of  3  (?)  feet  (according  to  the  returns  of  the  enumerators),  and  using  all  the  water  of  the  stream  in  summer. 
Full  capacity  can  be  secured  during  about  nine  months,  and  one-half  during  the  remainder  of  the  year.  There  are 
also  several  grist-mills  on  the  stream.    Eegarding  the  other  tributaries  I  have  no  detailed  information. 

The  next  considerable  tributary  to  the  James  is  Willis  river,  from  the  south,  but  its  fall  is  gradual,  and  no 
unemployed  sites  of  importance  were  spoken  of. 

The  Eivanna  river,  the  next  large  tributary,  is  formed  in  Albemarle  county  by  the  union  of  the  North  and  South 
forks,  both  of  which  rise  on  the  eastern  slope  of  the  Blue  ridge,  in  Greene  and  Albemarle  counties;  and  from  their 
junction  it  pursues  a  southeasterly  course,  passing  within  a  mile  of  Charlottesville,  the  county-seat  of  Albemarle 
county,  and  entering  the  James  river  in  Fluvanna  county,  near  the  town  of  Columbia.  It  drains  a  total  area  of 
668  square  miles,  the  North  fork  draining  164  and  the  South  fork  226,  comprising  a  hilly  and  rolling  region,  and  it 
has  considerable  fall,  although  the  declivity  is  quite  gradual.  The  bed  is  generally  sand  and  gravel,  with  rock  a 
short  distance  below,  and  sometimes  on  the  surface.  There  are  no  lakes,  and  the  stream  is,  like  all  the  others  in  the 
vicinity,  subject  to  sudden  and  heavy  freshets,  which,  however,  are  of  brief  duration.  The  rainfall  on  the  basin  is 
about  43  inches — 12  in  spring,  13  in  summer,  8  in  autumn,  and  10  in  winter.  The  flow  of  the  stream  has  never,  so  far 
as  I  could  learn,  been  accurately  gauged.  Its  fall  from  the  junction  of  the  two  forks  to  its  mouth — a  distance  of  40 
miles — is  135  feet,  according  to  an  old  survey.(a)  Up  to  Milton,  32  miles,  the  stream  was  made  navigable,  over  60 
years  ago,  by  means  of  dams  and  locks,  some  of  which  are  in  existence,  many  in  bad  condition,  and  some  of  which 
are  at  present  used  for  water-power.  At  i)resent  the  stream  is  navigable  for  a  distance  of  about  23  miles  from  its 
mouth.  Its  elevation  at  the  crossing  of  the  Chesapeake  and  Ohio  railroad,  a  few  miles  from  Charlottesville,  is  278 
feet  above  mean  tide.  The  map  shows  that  the  stream  is  accessible  at  its  mouth  from  the  Eichmond  and  Alleghany 
railroad,  and  in  the  neighborhood  of  Charlottesville  from  the  Chesapeake  and  Ohio  railroad  and  the  Virginia 
Midland  railroad. 

The  first  power  on  the  stream  is  5  miles  from  its  mouth,  at  the  second  navigation  dam,  known  as  Stilluian's, 
with  a  fall  of  16  (1)  feet,  25  horse-power  being  used  for  a  flour-mill,  the  drainage  area  above  being  about  650  square 
miles.     I  should  estimate  the  flow  and  power  as  follows,  there  being  no  gaugings  of  the  flow: 

Table  of  estimated  potcer  at  mouth  of  Bivanna  river. 


State  of  flow  (see  pages  8  to  11). 

Fall. 

Drainage 
area. 

Plow  per 
.second. 

Horse-power  arailablo, 
gross. 

Feet. 

Sq.  miiea. 
OoO-, 

Cubic  feet. 

75 

90 

600 

110 

\footfaU. 
8.5 
10.2 
08. 0 
12.  .-^ 

JSfeetfoM. 
135 
ICO 
1  100 

Minimum  low  season 

200 

Although  the  original  navigation  works  were  built  over  50  years  ago,  I  am  informed  that  the  present  dam  was 
built  in  1855  at  a  cost  of  $30,000,  being  a  cribdam  350  feet  long  and  18  feet  (I)  high,  backing  the  water  6  miles. 
There  was  formerly  one  dam  below  this  point,  with  a  fall  of  5  or  6  feet. 

Six  or  7  miles'  above  is  the  Carysbrook  dam,  with  a  fall  of  about  8  feet,  used  by  a  grist-mill.  The  available 
power  would  be  rather  less  than  half  that  estimated  in  the  above  table. 

The  third  is  the  Palmyra  dam,  about  10  miles  above  Stillman's.  It  is  250  feet  long,  about  12  feet  high,  and  a 
fall  of  12^  feet  is  utilized  by  a  flour-mill.  The  drainage  area  above  is  about  630  square  miles,  so  that  the  available 
power  per  foot  will  be  only  very  little  less  than  at  Stillman's  dam. 

Three  miles  above  Palmyra  is  the  Broken  Island  dam,  with  a  canal  perhaps  a  quarter  of  a  mile  long,  and  a  fall 
of  10  or  12  feet,  not  utilized.     The  available  power  per  foot  is  probably  about  the  same  as  in  the  table  above. 

Three  miles  still  farther  up  is  Bernardsburg  dam,  said  to  have  a  canal  nearly  2  miles  long,  and  a  total  fall  of 
somewhere  about  15  feet,  not  used  for  power. 
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Uuion  dam,  2  miles  farther  up,  is  about  200  feet  loug  and  10  feet  high,  constructed  mostly  of  stone,  and  is  said 
to  have  cost  $10,000.  It  was  built  in  1850.  A  race  of  600  feet  affords  a  fall  of  12  feet,  used  for  a  corn-miU  and  a 
small  cotton  factory  (the  latter  idle  since  about  1866),  only  a  small  amount  of  power  being  utilized.  The  drainage 
area  above  this  place  is  about  500  square  miles.  The  power  available  may  be  estimated  with  sufficient  accuracy 
from  the  table  preceding,  by  taking  the  horse-power  per  foot  as  about  eight-tenths  of  that  there  given. 

Three  and  a  half  miles  above  Union  dam  is  the  Buck  Island  dam,  a  crib-work  structure  200  or  300  feet  long 
and  io  or  12  feet  high.  It  was  formerly  used  by  a  cotton  factory  which  is  not  now  in  use.  The  drainage  area  is 
but  slightly  less  than  that  above  Union  dam. 

Stump  Island  dam,  which  is  the  next,  is  used  by  a  small  grist-mill  with  a  fall  of  altout  6  feet.  The  dam  is  of; 
crib-work,  about  400  feet  long  and  G  feet  high,  and  backs  the  water  nearly  up,  to  the  next  dam. 

Milton  dam,  about  12  miles  above  Union  dam,  is  a  crib-work  dam  about  200  feet  loug  and  4  feet  high.  A  race, 
of  a  quarter  of  a  mile  affords  a  fall  of  11  feet  at  a  grist  mill  with  four  runs  of  stones.  The  flow  here  is  about  the  same, 
as  at  Shad^ell,  so  that  the  power  can  be  calculated  from  the  table  below.    This  site  is  for  sale. 

It  will  be  seen  that  up  to  this  dam — which,  so  far  as  I  could  learn,  is  the  last  of  the  original  navigation  dams— - 
there  are  9  dams,  of  which  3  are  not  used  for  power,  while  at  the  remaining  6  a  portion  of  the  available  power  is 
utilized.  A  summary  of  the  available  power  (estimated)  at  these  dams  is  given  in  tabular  form  farther  on.  Many 
of  the  dams  being  leaky,  however,  the  power  given  could  rarely  be  secured,  even  if  correctly  estimated. 

A  mile  or  two  above  Milton  is  the  most  important  unimproved  site  on  the  river — the  former  site  of  the  Shadwell 
factory.  The  available  fall  here  is  about  20  feet  in  a  distance  of  2^  miles.  The  bed  is  rock,  the  stream  is  about  300 
feet  vide,  and  the  facilities  for  dams,  races,  and  buildings  are  very  good,  as  a  personal  examination  showed.  The 
old  dam  was  6  or  7  feet  high,  and  the  race  a  quarter  of  a  mile  long,  giving  a  fall  of  18  feet  or  thereabout  at  the  mill, 
the  principal  part  of  the  fall  occurriug  at  the  lower  end  of  the  shoal.  The  site  is  a  good  one,  and  I  have  estimated, 
the  power  as  follows : 

Table  of  estimated  power  at  Shadwell. 


State  of  flow  (aee  pages  8  to  11). 

Drainage 

area. 

FaU. 

Mow  per 
second. 

Horse-power  available, 
gross. 

Sq.  milet. 
I          448 

Feet. 
18  to  20' 

Oubie  feet. 

45 

60 

400 

70 

Ifoot/aU. 

5.1 

6.8 

45.5 

8.0 

18  feet  faa. 

90 

125 

820 

145 

This  power  is  very  conveniently  located  directly  on  the  railroad. 

At  the  head  of  the  old  Shadwell  pond,  or  2^  miles  above  the  foot  of  the  falls,  is  the  most  important  utilized 
power  on  the  river,  the  Charlottesville  woolen-mills,  situated  IJ  mile  from  the  city.  The  dam  is  of  cut  sandstone, 
about  200  feet  long  and  10  or  12  feet  high,  built  about  the  year  1855.  A  race  600  feet  long  and  15  feet  wide  leads 
to  the  mill,  where  the  fall  is  12  feet.  The  power  used  is  said  to  be  about  60  horse-power,  with  a  waste  of  water  at 
all  times.    The  power  is  a  good  one,  and  is  very  conveniently  located  on  the  line  of  the  railroad. 

Between  this  point  and  the  forks  of  the  river  there  are  no  important  powers  utilized  or  available,  though  there 
is  one  site,  at  Pen  Park,  where  it  is  said  some  power  could  be  developed,  though  it  has  never  been  employed. 

The  two  forks  of  the  Rivanna,  with  their  tributa;ries,  offer  some  good  sites  for  small  powers,  and  are  utilized 
by  numerous  saw-  and  grist-mills.  Their  fall"  is  rapid,  and  the  bed  and  banks  are  generally  favorable.  Kone  of  the 
powers,  however,  are  large  enough  to  run'  more  than  two  pairs  of  stones,  in  dry  weather,  with  the  wheels  in  use. 

The  following  table  gives  the  drainage  area  and  fall  at  each  dam  on  the  stream,  with  the  best  practicable 
estimates  of  the  power,  since  no  gaugings  have  been  made : 

Summary  of  power  on  Rivanna  river. 


Locality. 


StiUman's  dam 

Carysbrook  dam . . . 

Fahuyra  dam 

Broken  Island  dam 
Bemardsbni'g  dam. 

Union  dam 

Buck  Island  dam  . . 
Stump  Island  dam . 
Milton  dam 


Drainage 
area. 


Sq.  milet. 
650 
640 
640 
550  ± 
525  ± 
505 
490  ± 
470  ± 
450 


Fall 


Feet. 

16(1) 
8 

12J 
8-10 

15±(!) 

12 

8-10 

6 

11 
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Minimum. 


135 
65 

100 
50 
90 
70 
45 
35 

eo 


Minlmnm 
low  season. 


160 
80 

120 
65 

115 
90 
60 
45 
76 


Low 

season,  dry 

years. 


200 

100 

150 

80 

140 

110 

70 

50 

90 


Maximum 

with 

storage. 


1,100 
550 
850 
475 
825 
650 
430 
800 
626 
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Between  the  Eivanua  river  and  the  North  livcr,  the  uext  tributary  of  the  James  worthy  of  a  special  description, 
a  number  of  streams  enter,  all  having  the  same  general  characteristics.  Their  declivities  are  gradual;  their  beds 
gravel  and  sand,  with  occasional  rock  ledges;  their  How  quite  variable,  and  they  are  all  utilized  to  some  extent  by 
saw-  and  grist-mills,  generally  with  dams.  There  are  probably  sites  on  all  of  them  where  power  can  be  obtained 
by  damming,  but  no  natural  falls.  Such  are  Slate,  river,  from  the  south;  Hardware  river,  Eockfish  I'iver,  Tye 
river,  and  Pedlar  river,  from  the  north,  besides  a  number  of  smaller  streams  from  both  sides.  On  a  small  tributiiry 
entering  at  Lynchburg  is  a  car-shop  of  the  Atlantic,  Mississippi,  and  Ohio  railroad,  with  a  fall  of  11!  feet  and  about 
20  horse-power,  but  with  this  exception  all  the  power  used  is  for  grist-  and  saw-mills,  the  former  with  two  or  three 
pairs  of  stones,  as  a  rule.  Some  of  these  streams  have  considerable  fall,  Eockfish  river,  for  instance,  having  u  fall 
of  250  feet  in  the  lower  28  miles  of  its  course,  or  about  9  feet  per  mile,  according  to  an  old  survey. 

North  river  takes  its  rise  in  the  northern  part  of  Eockbridge  county,  where  it  is  formed  by  the  union  of  the 
Great  Calfpasture  and  Little  Calfpastnre,  both  of  which  sti-eams  rise  in  the  mountains  of  Augusta  county,  and 
pursue  courses  a  little  west  of  south,  draining  narrow  and  parallel  valleys.  From  their  junction  the  North  river 
pursues  a  nearly  southerly  course,  first  cutting  through  a  gap  in  the  mountains  to  reach  the  broader  valley 
separating  the  Blue  ridge  on  the  east  from  North  mountain  on  the  west,  and  thence  pursuing  its  course  through 
this  valley,  receiving  as  tributaries  South  river  and  Buffalo  creek,  and  entering  the  James  in  the  southeastern 
corner  of  Eockbridge  county,  just  above  where  the  river  cuts  through  the  Blue  ridge.  It  flows  through  the  town 
of  Lexington,  the  county-se'at  of  Eockbridge  county,  a  flourishing  town  noted  for  its  educational  institutions; 
and  it  drains  a  total  area  of  TSi  square  miles,  distributed  as  follows:  Great  Calfpasture,  140;  Little  Calfpasture, 
41;  Buff'alo  river,  161;  South  river,  150.  Of  this  area  a  large  portion  lies  in  the  valley  between  the  Blue  ridge 
and  North  mountain,  and  the  remainder  is  a  hiUy  and  mountainous  region  among  the  parallel  ranges  which  form 
the  western  part  of  Eockbridge  and  Augusta  counties.  There  are  no  lakes  in  the  basin,  and  the  flow  of  the  stream 
is  quite  variable.  The  character  of  its  bed  is  the  same  as  that  of  the  other  tributaries  of  the  James.  The  rainfall 
on  the  basin  is  about  40  inches — 11  in  spring,  11  in  summer,  9  in  autumn,  and  9  in  winter.  The  stream  has  a  very 
considerable  fall,  which  is  not  so  gradual  as  in  the  case  of  many  tributaries  of  the  James.  The  following  table 
shows  the  declivity : 

Table  of  declivity  of  the  North  river. 


Locality, 


Distenue 

from 

month. 


I  Elevation 
I  above  tide. 


I      MUet.      (  Feet. 

Month I           0  70C 

Lexington '           20  894 

Great  Calfpasture  crossing  of  the  Chesapeake  and  Ohio  railroad 50±  1,379 

Little  Cal^astnre  crossing  of  the  Chesapeake  and  Ohio  railroad  - .   J 1, 491 


Distance 
between 
points, 


Fall 
between 
points. 


Miles. 
\  20 
f        30± 


Feel. 
188 
485 


Fall 
per  mile 
between 
points. 


Feet. 
9.4 
16. 1± 


Above  Lexington  the  fall  is  very  rapid,  especially  where  th«  stream  passes  through  the  gap  in  the  mountains 
from  the  valley  of  the  Calfpasture,  where  there  is  a  rajiid  fall  over  a  rocky  bed  for  several  miles,  perhaps  at  the 
rate  of  from  30  to  50  feet  per  mile. 

The  fact  that  the  North  river  is  quite  inaccessible  has  no  doubt  prevented  the  development  of  its  water-power. 
Until  the  construction  of  the  Eichmond  and  Alleghany  railroad,  which  follows  the  James  past  the  mouth  of  the 
river,  it  was  impossible  to  reach  it  except  from  Goshen,  on  the  Chesapeake  and  Ohio  railroad,  from  which  xilace  a 
stage  runs  to  Lexington,  or  by  taking  a  canal-boat  from  Lynchburg,  between  which  place  and  Lexington  boats  run 
every  two  days.  A  branch  of  the  James  Eiver  canal  extends  up  the  North  river  to  the  latter  place,  and  it  is  possible 
that  a  branch  of  the  railroad  may  be  built  along  the  tow  path,  as  is  being  done  on  the  James.  There  are,  besides, 
several  other  railroads  in  contemplation,  all  passing  through  Lexington,  so  that  it  seems  probable  that  the 
disadvantage  of  inaccessibility  will  before  long  be  removed. 

Between  the  mouth  of  the  river  and  Lexington  there  are  10  navigation  dams  and  24  locks,  varying  in  lift  from 
7  to  17  feet.  With  one  exception  the  dams  are  built  of  rubble  limestone,  without  cement,  sheeted  on  top  and 
behind  with  timber,  and  varying  in  length  from  250  to  450  feet,  and  in  height  from  8  to  20  feet.  They  were  all 
built  in  the  years  1852  and  1853.  Within  the  distance  referred  to  there  are  about  10  miles  of  canal,  the  remainder 
being  slackwater  navigation.  Should  the  canal  on  this  river  be  superseded  entirely  by  the  railroad,  as  on  the  James, 
there  seems  to  be  no  reason  why  a  large  amount  of  power  could  not  be  utilized  at  the  locks  and  dams.  In  order, 
however,  to  utilize  the  entire  flow  of  the  stream,  the  dams  would  probably  have  to  be  tightened.  According  to 
Mr.  Harris,  "all  the  dams  offer  good  sites  for  power".  According  to  Mr.  Lorraine's  report  "on  the  capacity  of 
the  canal-  to  furnish  water-power,  and  on  the  expediency  of  making  grants  generally",  navigation  on  the  river 
at  that  time  was  such  that  "  on  the  North  Eiver  canal  no  water-power  can  be  spared  till  the  dams  are  made  tight". 
A  personal  examination  showed,  however,  that  if  the  dams  are  tightened,  and  if  all  the  flow  of  the  stream  is  not 
needed  for  navigation,  there  are  numerous  excellent  sites  for  power.     At  present  very  little  is  utilized,  as  the  table 
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on  page  33  will  show,  there  being  only  a  few  small  flour-mills,  a  cement-inill,  and  others,  each  with  perhaps  20  or  30 
horse-power.  In  order  to  give  some  idea  of  the  power  available,  I  have  estimated  the  flow  and  power  at  the  month 
and  at  Lexington. 

Estimated  power  of  the  North  river. 


State  of  flow  (see  pages  8  to  11). 

AT  MOUTH. 

AT  LEXINGTON. 

Drainage 
area. 

Flow  per 
second. 

Horse-power 

available, 

gross. 

Drainage 
area. 

now  per 
second. 

Horse-power 

available, 
gross. 

Sq.  'miles. 
784     I 

Cubic  feet. 

80 

100 

700 

125 

\  foot  fan. 

9.0 

11.4 

80.0 

14.2 

Sq.  milee. 

■      416     • 

Cubic  feet. 

SO 

60 

375 

75 

Ifootfall. 

5.7 

6.8 

42.5 

8.5 

If  it  is  desired  to  estimate  roughly  the  total  power  available  between  those  points,  the  flow  may  be  taken 
as  the  mean  of  that  at  the  two  places,  and  the  fall  as  perhaps  150  feet,  the  results  being  as  follows:  Minimum, 
1,100  horse-power ;  minimum  low  season,  1,360  horse-power ;  low  season,  dry  years,  1,700  horse-power ;  maximum 
with  storage,  9,200  horse-power.  The  flow  at  Lexington  was  measured  in  the  low -season  of  1876,  by  W.  G-. 
McDowell,  civil  engineer,  who  found  it  to  be  about  121  cubic  feet  per  second.  This  measurement  is  undoubtedly 
accurate;  but  if  this  flow  is  the  miuimum,  the  stream  must  be  very  different  in  character  from  the  other  streams  of 
Virginia.  At  the  same  place  the  river  is  said  to  have  risen  25  feet  in  the  freshet  of  1870.  It  may  be  that  springs 
in  the  drainage  basin  render  the  flow  of  the  stream  more  constant  than  would  be  expected,  and  all  mere  estimates 
are  of  course  sometimes  liable  to  be  far  from  the  truth.        . 

Above  Lexington,  notwithstanding  the  rapid  fall,  little  power  is  used,  but  grist-  and  saw-mills  are  scattered  here 
and  there  on  the  tributaries.  Where  the  river  cuts  through  the  gap  in  the  mountains  the  fall,  though  large,  is  not 
well  available.  Buffalo  and  South  rivers  are  similar  in  character  to  liTorth  river,  and  no  details  regarding  their 
power  could  be  obtained. 

The  other  tuibutaries  of  the  James  below  the  forks  are  small  streams  draining  a  mountainous  country,  often 
with  rapid  fall,  and  in  some  cases  with  cataracts  or  rapids.  I^one  of  them  are  utilized  except  by  small  grist-  or 
saw-mills  and  a  furnace  or  two.  Power  might  be  developed  on  all  of  them,  but  it  would  fluctuate  greatly  in 
amount. 

The  head-waters  of  the  James,  Oowpasture,  and  Jackson's  rivers  resemble  the  North  river  in  all  essential 
respects;  their  fall  is  quite  rapid,  but  very  little  power  is  utilized.  As  regards  bed  and  banks,  there  is  no 
difQculty,  but  no  rapids  of  importance  occur  on  them  except  in  perhaps  one  or  two  instances.  The  Oowpasture 
takes  its  rise  in  Highland  county,  flows  through  Bath  and  Alleghany  and  joins  Jackson's  river  in  Botetourt. 
Its  length  in  a  straight  line  is  about  50  miles  and  its  drainage  area  580  square  miles.  Eegarding  its  flow  and 
declivity  no  data  could  be  obtained.  It  has  numerous  small  shoals,  but  none  with  falls  of  over  4  or  5  feet  in  a 
short  distance.  Its  power  is  utilized  only  by  grist-  and  saw-mills,  with  falls  of  from  6  to  10  feet,  all  with  dams. 
Jackson's  river  takes  its  rise  in  Highland  county,  and  flows  generally  parallel  to  the  Oowpasture,  and  through  the 
same  counties.  Its  length  is  about  65  miles  along  its  general  course,  and  its  drainage  area  about  981  square  miles. 
It  flows  through  the  towns  of  Ooviugton  and  Clifton  Forge,  and  between  these  places  it  is  followed  by  the 
Ohesajpeake  and  Ohio  railroad.  Above  Oovington,  however,  it  is  very  inaccessible.  Eegarding  its  declivity  and 
flow  no  accurate  data  are  at  hand.  From  Buchanan,  on  the  James,  to  Olifton  Forge,  about  2  or  3  miles  above 
the  mouth  of  the  Cowpaskire — a  distance  of  32  or  33  miles — the  fall  is  221  feet,  or  about  7  feet  per  mile;  and  between 
Olifton  Forge  and  Covington— a  distance  of  15  miles— the  fall  is  167  feet,  or  about  11  feet  per  mile.  The  rainfall 
on  the  basin,  as  well  as  on  that  of  the  Oowpasture,  is  about  38  inches — 11  in  spring,  11  in  summer,  8  in  autumn, 
and  8  in  winter.  Estimates  of  the  flow  at  Covington  and  at  Olifton  Forge  are  given  farther  on.  The  shoals  on 
Jackson's  river  seem  to  be  more  numerous  and  to  have  greater  fall  than  those  on  the  Oowpasture,  although  this 
may  be  due  to  the  greater  amount  of  inforination  which  could  be  obtained  regarding  the  former  stream. 

The  first  power  met  with  in  ascending  the  river  is  at  Olifton  Forge,  at  which  place  there  is  a  dam  10  feet  high 
and  290  feet  long,  built  in  1874,  of  crib-work,  at  a  cost  of  $2,800,  and  founded  on  solid  rock.  It  was  formerly  used  for 
a  grist-mill,  but  at  present  no  power  is  utilized.    The  river  at  this  place  passes  through  a  rocky  gorge  in  the  ranee  of 

mountains  which  separates  its  valley  from  the  adjacent  one,  and  for  half  a  mile  below  the  dam which  is  at  the  upper 

end  of  the  gorge— the  banks  are  steep  and  the  power  is  diflBcult  to  utilize,  as  all  the  available  space  is  occupied  by 
the  Eichmond  and  Alleghany  railroad,  which  passes  through  the  gorge,  on  the  south  side,  to  its  terminus  just  above. 
No  race  C9uld  be  built  without  blasting  it  out  on  the  north  side  of  the  river,  or  building  a  high  wall  on  the  south 
side  between  the  race  and  the  river.  The  site  may  therefore  be  called  practically  unavailable.  The  dam  backs  the 
water  about  three-quarters  of  a  mile,  with  an  average  width  of  250  feet.  Between  this  point  and  Covington  thore 
are  several  shoals  where  power  might  be  developed.  At  one  point,  a  few  miles  above  Olifton  Forge,  there  was 
once  a  mill,  washed  out  in  the  freshet  of  1877.  About  6  miles  by  road  below  Oovington  there  is  another  shoal, 
where  a  fall  of  several  feet  could  be  obtained ;  and  5  miles  below  Oovington,  at  Island  Ford,  a  fall  of  0  to  8  feet  is 
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probably  available,  while  there  are  several  other  small  shoals  below  Covington.  At  the  latter  place  there  is  a  mill 
using  about  60  horse-power  with  a  fall  of  about  7^  feet,  and  a  dam  7  feet  high  and  325  feet  long,  built  of  logs,  like 
most  of  the  dams  in  the  vicinity.  Full  capacity  can  be  obtained  during  only  nine  months,  with  two  breast-wheels, 
and  sometimes  only  half  capacity  can  be  secured,  all  the  water  of  the  stream  being  utilized.  At  this  mill  the  water 
rose  22^  feet  during  the  great  freshet  of  November,  1877,  which  was  the  largest  ever  known  on- the  river. 

Above  Covington  the  width  of  the  stream  averages  160  feet  for  some  distance,  and  its  fall  is  rapid  but  gradual. 
There  are  several  mills  using  power  from  it,  but  all  are  small.  Among  the  shoals,  the  one  best  known  is  at  the 
Narrows,  about  14  miles  above  Covington,  where  the  fall  is  said  to  be  8  feet  or  so  in  a  few  hundred  yards,  the  place 
being  very  rocky  and  the  power  difficult  to  utilize. 

Of  the  tributaries  to  Jackson's  river  the  following  may  be  mentioned :  Warm  Spring  run,  which  has  one  mill  with 
a  fall  of  about  28  feet,  and  a  carding-mill,  with  14  feet ;  the  temperature  of  the  water  is  90°  F. ;  Hot  spring,  a  small 
stream  with  a  temperature  of  110°  F.;  Back  creek,  with  several  saw-  and  grist-mills,  but  said  to  be  unfavorable 
for  power  by  reason  of  a  sandy  and  shifting  bed ;  Mill  creek,  with  a  cascade  near  the  mouth,  about  8  miles  north 
of  Covington ;  Dunlap's  creek,  along  which  the  Chesapeake  and  Ohio  railroad  runs  after  leaving  the  river,  a  stream 
said  to  be  exceedingly  variable  in  flow,  and  of  no  value  for  power,  almost  drying  up  in  summer,  although  it  drains 
194  square  miles ;  and,  finally,  Potts'  creek,  draining  152  square  miles,  a  rapid  stream,  said  to  offer  considerable 
undeveloped  power  and  to  be  a  good  mill-stream. 

Table  of  estimated  flow  and  power  at  Clifton  Forge  and  at  Covington. 


CUPTON  FOnOE. 


COTIXGTOK. 


state  of  flow  (see  pages  8  to  11). 


l>raliia^e 
area. 


FaU. 


Flow  per 
second. 


MiDimnin 

MiQimnm  low  season 

Maximum  with  storage  . 
Iiow  season,  dry  years  . . 


Sq.  miles,  j   Feet, 


OuMcfeet. 
100 
150 
820 
175 


Gross  horse-power. 


Drainage 
area. 


IfootfaU. 
11.3 
17.0 
93.2 
20.0 


Fall. 


W  feet  fall.  \\  iSq.  miles.      Feet. 
110  .h 

170  jl 


675 


7-1- 


200 


Flow  per 
second . 


Oubicfeet 

76 

110 

60O 

130 


Gross  horse-power. 


IfootfaU. 

8.5 
12.5 
68.2 
14.8 


TfeetfaU. 

60 

»« 

475 

100 


In  recalling  what  has  been  said  regarding  the  James  river  and  tributaries  one  can  not  fail  to  be  struck  with  the 
large  amount  of  power  lying  idle,  and  yet  easily  available,  on  the  main  stream  and  on  North  river  along  the  line  of 
the  canal.  Dams  and  races  built  and  almost  ready  for  use,  transportation  as  convenient  as  could  possjbly  be 
wished,  the  railroad  passing  by  the  very  door,  a  healthful  climate,  abundance  of  building  materials  of  good  quality — 
all  these  advantages  are  combined  in  a  way  seldom  found.  There  is  no  doubt,  however,  that  the  flow  of  the  stream 
is  very  variable,  and  the  establishment  of  large  storage  reservoirs  impracticable. 

The  following  table.gives  the  statistics  of  utilized  power  in  the  basin : 

Table  of  utilized  power  of  the  James  river  and  tributaries. 


Name  of  stream. 


Tributary  to  what. 


state. 


County. 


Kind  of  mill  or  manu- 
faotnre. 


I 


11 


Bemarks. 


James  river.. 

Do 

Do 

Do 

Do 

Do 

Do 


Chesapealre  bay  . 

...do  

...do  

...do  

...do  

...do 

...do  


Virginia . 
.do  ... 
.do... 

do  ... 
.do  ... 

do  ... 

do... 


Henrico - 
...do  ... 
...do  ... 
...do... 
...do... 
...do  .. 
...do  ... 


Flour  and  grist  - 

...do 

...do 

Planing,  etc 

Bagging 

Paper 

Iron-works 


9o. 
Do. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 


do. 
.do. 

do. 

do. 

do. 
.dp. 
.do. 

do. 

do. 

do. 

do. 
.do. 
.do  . 
.do. 


.do. 
.do. 

do. 

do  . 
.do 
.do. 
.do. 

do. 

do- 
-do. 
.do. 
.do. 
.do. 
.do. 


...do  

...do 

..  do 

...do  

Chesterfield  . 

....do 

....do 

...  do 

...do 

....do 

Goochland. . . 
Fluvanna  — 
Albemarle... 
ITelson 


W^tcr. works  . . . 

...do 

ITaiUs,  etc 

B1aBt.fnmace . . . 

Cotton 

Water- works  . . . 

Paper 

Bucket 

Sumac 

Flour  and  grist . 

...do 

...  do 

...do 

...do 


Feet. 
22 
36i 
47i 
36 
19 
20 
50 

10 
20 
18 
22 
38 
20 
19 
20 
14 
62 
37 
66 
10 
9 


700 
430 
165 
105 
10 
120 
(?)520 

280 

480 

(!)50« 


■  From  canal. 


From  canal    (see   d«> 
scription). 


FromcanaL 
Not  In  operation. 


326 
36 
100 
120 
30 
320 
116 


20 


^Probably  bom  oaji&L 
&49 
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Table  of  utilized  power  of  the  James  river  and  tributaries — Oontinued. 


Kame  of  stream. 


Tributary  to  what. 


State, 


County. 


Kind  of  mill  or  manu- 
facture. 


I. 


Remarks. 


James  river 

Do 

Do 

Do , 

Do 

Do..-- 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do..: 

Do 

Do 

Do 

Do 

Tributaries  of .- 

Do 

Cliickabominy  riyer . , 

Do 

Tributaries  of , 

Do 

Do 

Do .... 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Rivanna  river. . 

Do 

Do 

Tributaries  of. . 

Do 

Do 

Do 

Do.... 

Do 

Do 

Do 


Do 

Eookflsh  river . 

Do 

Tributaries  of. . 

Do 

Do 

Tye  river 


...do 

...do 

...do 

...do 

...do 

...do 

--.do , 

...do 

...do 

...do 

...do 

...do 

--.do 

...do 

...do , 

...do 

.-.do 

James  river 
...do 


bay '  Virginia  . . 

L..do 

i....do 

.do 


do 

.do 

do 

.do 

do 

.do 

.do 

do 

do 

do 

do 

.do ;. 

.do 

.do 

.do 

.do 

.do 

do 

.do 

....do..: 

....do 

....do  

....do 

...  do  

....do  

....do 

...do 

...do 

...do  

...do  

Eivanna  river. 

...do 

...do  

...do 

...do  

...do 

James  river 

...do  


..  do 

...do  

,...do  

Bookfish  river . 

...do  

...do  

James  riorer 


..do.. 
..do.. 
.  .do  . . 
.  do.. 
..do.. 
..do  .. 
..do.. 
..do.. 
..do  . 
..do  .. 
..do., 
-do.. 
..do  .. 
.  do.. 
..do.. 
..do.. 
..do  . 
..do., 
-.do.. 
..do  .. 
.  .do  . . 
. .do  . . 
..do.. 
..do.. 
.  do  .. 
..do  .. 
..do., 
.do  .. 
.do-. 
..do  .. 
.  do  . 
.  do  .. 
..do., 
-do  .. 
..do.. 
..do  .. 
.  do  .. 
..do  .. 
..do  .. 
..do  .. 
..do  ... 
..do.. 
..do... 
..do  ... 
..do... 
..do... 
..do.. 
..do  ... 
.do  ... 

do  ... 
.do  ... 

do  ... 

do  . . . 

do  ... 


.do  . 
do  . 
.do  . 
do  . 
do  . 
.do. 
•  do  . 


Campbell 

...do  

....do 

...  do 

...do 

...do  

...do., 

...do 

...do 

.-..do 

...do 

....do 

Amherst 

....do  ., 

-...do 

Bedford 

Eookbridge 

....do 

Isle  of  Wight... 
Prince  George  . . 

Hanover 

....do 

James  City 

Charles  City... 

Henrico  

...do 

Hanover 

...do 

Chesterfield  (a). 

...do 

Powhatan  ... 

...do 

G-oochland . . . 

.-..do    

Cumberland  . 

...  do 

Buckingham. 

...do 

...do 

Appomattox . 

Campbell 

...do 

...do 

Bedford 

...do 

...do 

Roanoke 

Fluvanna 

Albemarle  . . . 

...do 

Fluvanna 

..  do 

Albemarle 

...do 

...do 

Greene 

...do 

...do  


...do  .. 
Nelson 
...do  .. 
...do.. 
...do  .. 
...do.. 
...do.. 


Fleur  and  grist -. 

Barytes 

Bark 

Furniture 

Rolling-mill,  etc 

Steel  company 

Foundery 

Planing 

Tobacco-box 

Sumac 

Water- works 

Woolen 

Iron- works 

Saw 

Grist 

Rolling-mill 

Flour  and  grist 

Cement 

Flour  and  grist 

...  do 

...do 

Saw  ..^ 

Flour  and  grist 

..-.do 

...do  

Sumac 

Saw  

Flour  and  grist 

.-...do... 

Saw 

Flour  and  grist 

Saw 

....do 

Flour  and  grist 

....do  

Saw 

...do 

Wheel  wrigb  ting 

Flour  and  grist 

...do 

--.do._. 

Woolen 

Saw 

...do  

Woolen 

Flour  and  grist 

Woolen 

Flour  and  grist 

...do 

Woolen 

Flour  and  grist 

Sumac , 

Saw 

Woolen 

Flour  and  grist 

.-.do  

Saw  

imple- 


Agrioultural 
ments. 

Flour  and  grist . 

...do  

Saw 

...do  

Flour  and  grist . 

Leather 

Flour  and  gidst . 


Feet. 
37-f 
17 
16 
16 
12-14 
22 
"4 
12 
12 
12 
12 
17 
» 


31 
9 
8 
U 
2S 
11 
51 
76 


24 
39 
80 
40 

17i 


40 
177 
107 


118 
7 

350 
24 

156 
17 
26 
16 


104 
22 
41 
58 
12 


22 
177 
113 
19 
20 

169 
105 
56 
18 
63 
18 
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II.— THE  YORK  RIVER. 

The  York  river,  the  next  important  stream  north  of  the  James,  is  a  broad  and  navigable  stream  for  its  entire 
length,  about  35  miles,  and  offers  no  power.  It  is  formed  by  the  union  of  the  Pamunkey  and  Mattapony  rivers,  and 
flows  in  a  southeasterly  direction  between  the  counties  of  Gloucester  and  King  and  Queen  on  its  left,  and  New  Kent, 
James  City,  and  York  on  its  right,  emptying  into  Chesapeake  bay.  At  the  head  of  the  river  is  the  town  of  West 
Point,  connected  by  a  railroad  with  Eichmond,  and  the  general  goveonment  has  appropriated  $10,000  for  the 
purpose  of  improving  navigation  up  to  this  point,  the  present  project  contemplating  the  establishment  of  a  navigable 
depth  at  all  times  of  22  feet.  The  ruling  depth  at  low  tide  is  now  19  feet,  and  at  high  tide  22  feet.  The  stream  lies 
entirely  below  the  fall-line. 

The  Pamunkey  river,  which  with  the  Mattapony  forms  the  York,  is  itself  formed  by  the  union  of  two  streams-^ 
the  North  Anna  and  South  Anna  rivers — which  unite  not  far  from  the  fall-line,  so  that  the  Pamunkey  lies  almost 
wholly,  if  not  wholly,  in  the  eastern  or  tide- water  division  of  the  state.  It  pursues  a  general  southeasterly  course,  is 
about  40  miles  long,  measured  in  a  straight  line,  and  drains  a  total  area  of  about  1,313  square  miles.  In  the  upper 
part  of  its  course  (above  Hanovertown)  it  is  narrow  and  very  tortuous,  and  much  obstructed  by  logs  and  trees,  while 
below  that  point  it  is  navigable  to  a  certain  extent,  and  it  might  be  made  so  above.  The  banks  of  the  river  axe 
bold,  and  even  precipitous  in  places,  and  have  an  average  height  of  50  fefet.  The  extreme  rise  of  the  river  in  freshets 
is  22  feet.{a)  There  is  no  power  whatever  on  the  stream.  The  South  Anna  river,  one  of  its  head- waters,  rises  in 
Albemarle  county,  near  the  sources  of  the  Eivanna,  and  flows  in  a  southeasterly  direction  through  Louisa  and 
Hanover  counties,  to  join  the  North  Anna.  Its  drainage  area  measures  about  440  square  miles,  and  lies  almost  wholly 
above  the  fall  line ;  yet  1  was  unable  to  learn  of  any  power  of  importance  on  the  stream,  and  the  table  on  page  35  will 
show  that  if  there  is  much,  only  a  small  proportion  is  utilized.  At  its  crossing  with  the  Eichmond,  Fredericksburg, 
and  Potomac  railroad,  only  a  mile  or  two  above  its  mouth,  the  stream  has  an  elevation  above  tide  of  but  50  feet,(6) 
so  that  the  fall  o€  the  Pamunkey  must  be  very  small.  No  information  could  be  obtained  regarding  any  power  where 
the  stream  crosses  the  fall-line.  The  North  Anna  river,  a  stream  similar  to  the  one  just  referred  to,  rises  in  Orange 
county  and  flows  southeast  between  Spottsylvania  and  Caroline  on  its  left,  and  Louisa  and  Hanover  counties  on  its 
right,  to  join  the  South  Anna.  It  drains  a  total  area  of  about  504  square  miles,  and  its  length  in  a  straight  line  is 
about  40  miles.  Its  elevation  at  the  crossing  of  the  Eichmond,  Fredericksburg,  and  Potomac  railroad  is  also  50  feet 
above  tide.  According  to  an  old  survey,  the  fall  of  the  stream  between  its  mouth  and  the  junction  of  its  north 
and  south  forks,  the  distance  being  a  little  over  49  miles,  is  164J  feet,  or  about  3.4  feet  per  mile.(c)  In  this  distance 
there  were,  at  the  time  of  the  survey,  10  mills  with  falls  of  from  7  to  14  feet  each,  using  together  a  fall  of  about  96 
feet.  Above  the  junction  of  the  two  forks  the  fall  was  found  on  one  of  them  to  be  about  50  feet  in  15  miles,  or  at 
about  the  same  rate  as  below,  and  in  this  distance  there  were  two  mills,  with,  together,  about  16  feet  fall.  As  in  the 
case  of  the  South  Anna,  I  was  not  able  to  gain  any  information  regarding  any  large  fall  on  the  river  at  the  place 
where  it  crosses  the  faU-line,  or  at  any  other  place.  In  the  report  above  referred  to,  mention  is  made  of  the  Great 
falls,  but  they  seem  to  be  where  the  stream  is  small,  and  of  no  value  for  power.  No  information  could  be  obtained 
regarding  them,  nor  could  I  even  learn  where  they  are  located. 

The  Mattapony  river  rises  in  Spottsylvania  county,  and  pursues  a  southeasterly  course  through  Caroline  and 
between  King  and  Queen  and  King  William  counties,  joining  the  Pamunkey  at  West  Point.  Its  length  in  a 
straight  line  measures  about  70  miles,  and  it  drains  an  area  of  846  square  miles,  a  considerable  portion  of  which 
lies  below  the  fall  line.  The  stream  is  navigable  for  about  60  miles,  and  can  be  improved  so  as  to  afford  navigation 
for  lighters  or  barges  for  a  distance  of  25  or  30  miles  farther,  or  a  total  distance  of  80  miles.(^)  The  fall  of  the 
stream  between  tide- water  and  Milford,  near  where  the  fall-line  is  crossed,  in  a  distance  of  48  miles,  has  been  found 
to  be  73  feet,  or  at  the  rate  of  1.5  foot  per  mile.  The  elevation  at  the  crossing  of  the  Eichmond,  Fredericksburg, 
and  Potomac  railroad  is  70  feet.    I  was  unable  to  learn  of  any  powers  of  importance  on  the  stream. 

The  average  rainfall  on  the  entire  drainage  basin  of  the  York  river  is  about  44  inches— 12  in  spring,  14  in 
summer,  8  in  autumn,  and  10  in  winter.  Estimates  of  the  flow  and  power  are  unnecessary.  The  statistics  of  power 
utilized  are  given  in  the  following  table : 


a  Annual  Report  of  Hie  Chief  of  Engineers,  1880,  p.  773. 


6  I  am  indebted  for  the  elevations  on  the  Eichmond,  Fredericksburg,  and  Potomac  railroad  to  Major  E.  T.  D.  Myers,  general  snpei^ 
intendent. 

c  Thirteenth  Report  of  Board  of  Piiblio  Works  of  Virginia,  1828,  p.  311. 

d  Annual  Report  of  the  Chief  of  Engineers,  1880,  p.  771.  ' 
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Table  of  utilized  power  of  the  York  river. 
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III.— THE  RAPPAHANNOCK  RIYEE. 


The  Rappahannock  river  takes  its  rise  iu  Rappahannock  and  Fauquier  counties,  Virginia,  on  the  eastern  slope 
of  the  Blue  ridge,  and  flows  in  a  southeasterly  direction  through  a  fertile  and  hilly  country  belonging  to  the  middle, 
or  Piedmont,  section  of  the  state,  forming  the  boundary  line  between  the  counties  of  Fauquier  and  Stafford  on  its  left, 
and  Rappahannock,  Oulpeper,  and  Spottsylvania  on  its  right.  At  the  city  of  Fredericksburg  it  crosses  the  Jall-Iine 
with  a  considerable  fall  and  a  large  amount  of  power,  and  below  that  point  it  is  a  sluggish,  tidal,  and  navigable 
stream,  spreading  .out  sometimes  to  a  width  of  several  miles,  and  forming  the  boundary  line  between  the  counties  of 
King  George,  Westmoreland,  Richmond,  and  Lancaster  on  its  left,  and  Caroline,  Essex,  and  Middlesex  on  its  right. 
It  empties  into  Chesapeake  bay  at  a  point  about  36  miles  from  cape  Charles.  The  length  of  its  course  in  a  straight 
line  is  about  132  miles,  and  it  drains  a  total  area  of  about  2,700  square  miles.  Its  principal  tributary  is  the  Rapidan 
river,  which  enters  from  the  right,  10  or  12  miles  above  Fredericksburg,  and  drains  an  area  of  about  745  square 
miles.  The  only  town  of  importance  on  the  river  is  Fredericksburg,  with  a  good  water-power  and  several  mills 
and  factories,  which  will  be  fully  described.  Up  to  this  place,  104  miles  from  the  mouth  of  the  river,  there  is  a 
navigable  depth  of  9  feet  at  low  tide  and  12  feet  at  high  tide,  and  the  river  is  now  being  improved  by  the  government 
to  secure  a  navigable  depth  of  10  feet.  Many  years  ago  the  river  was  made  navigable  as  far  as  Waterloo,  in 
Fauquier  county,  a  distance  of  50  or  60  miles  above  Fredericksburg,  by  means  of  locks,  dams,  and  canals, 

5!:,:i 


36  WATER-POWER  OF  THE  UNITED  STATES. 

terminatiag  at  the  lower  end  in  the  basin  at  Fredericksburg.  These  old  navigation  works,  however,  having  long 
been  disused,  except  in  one  or  two  places,  have  been  mostly  destroyed.  The  locks  still  exist  in  many  places,  but 
the  dams  are  nearly  all  gone.    The  works  will  be  described  in  detail  in  the  proper  place. 

There  are  no  lakes  in  the  basin  of  the  Eappahannock,  and  the  flow  of  the  stream  is  very  variable,  but  no 
records  of  gaugings  could  be  found,  and  resort  was  therefore  had  to  estimates.  The  bed  of  the  stream  is  generally 
rock  overlaid  with  gravel  and  sand,  and  the  banks  generally  high  enough  to  confine  the  river,  except  in  high 
freshets — there  being  comparatively  few  bottoms  subject  to  overflow,  as  in  the  case  of  the  more  southern  streams. 
The  slope  of  the  stream  is  not  uniform,  but  is  broken  by  considerable  falls  at  several  places,  at  which  good  water- 
power  eould  be  secured.  The  elevation  of  the  stream  above  tide  at  Fredericksburg  is  zero,  and  at  the  crossing  of 
the  Virginia  Midland  railroad,  35J  miles  above,  it  is  252  feet,  showing  a  fall  at  the  rate  of  7.1  feet  per  mile.  The 
rainfall  on  the  basin  is  about  42  inches,  of  which  about  12  fall  in  spring,  13  in  summer,  8  in  autumn,  and  9  in  winter. 
The  small  fall  in  autumn  must  have  for  its  effect  a  corresponding  variability  in  the  flow,  which  would  stem  even 
more  pronounced  than  in  the  case  of  the  James. 

The  accompanying  map  shows  that  the  river  is  crossed  by  two  railroads,  the  Eichmond,  Fredericksburg,  and 
Potomac,  and  the  Virginia  Midland.  Between  the  two  it  can  not  be  called  very  accessible,  and  any  utilization  of 
the  water-power  to  a  large  extent  would  probably  require  a  better  means  of  communication  than  exists  at  present. 

The  first  power  occurs  at  Fredericksburg — the  crossing  of  the  fall-line — and,  as  in  the  case  of  the  James,  this 
point  is  the  head  of  tide-water  and  of  navigation.  The  dam  is  located  about  2  miles  above  the  city,  at  the  head  of 
the  falls,  and  extends  straight  across  the  river.  It  is  a  crib- work  structure,  900  feet  long  and  18  feet  high,  bolted 
to  the  rock  which  forms  the  foundation,  and  backing  the  water  about  a  mile  with  an  average  width  of  600  feet.  It 
was  built  in  1860  by  Mr.  John  Chase,  of  Holyoke,  Massachusetts,  and  is  said  to  have  cost  $60,000.  From  it  a  race, 
about  1^  mile  long,  30  or  40  feet  wide,  and  5  or  6  feet  deep,  leads  to  the  basin  at  the  upper  edge  of  the  city,  between 
which  and  the  river  there  is  a  fall  of  48J  feet,  which  is  used  in  two  parts.  From  the  basin  or  upper  level  two  mills 
are  fed,  as  follows: 

1.  Washington  woolen-mill  (Kern,  Bentley,  &  Co.) ;  18  feet  fall;  45  horse-power,  with  two  turbine  wheels. 

2.  "Germania"  flour-mills  (Myer  &  Briille);  23  or  24  feet  fall;  50  or  60  horse-power  ('?),  with  three  turbines;  8 
runs  of  stones. 

Both  these  mills  discharge  their  water  to  the  second  or  lower  level,  from  which  the  following  mills  take  it, 
discharging  into  the  river: 

3.  E.  K.  Knox  &  Brothers'  sumac-  and  bone-mill;  18  feet  fall;  50  to  60  horse-power. 

4.  J.  B.  Ficklen  &  Sons'  "Bridgewater  flour-  and  corn-mill";  21  feet  fall;  110  horse-power,  with  three  turbines 
and  9  runs  of  stones. 

5.  There  was  formerly  a  paper-mill  using  water  directly  from  the  basin,  with  a  fall  of  12  feet,  and  discharging 
its  water  through  a  separate  tail-race,  at  the  lower  end  of  which,  a  mile  below,  and  just  where  the  railroad  crosses 
the  river,  it  was  again  used,  and  discharged  into  the  river  by  the — 

6.  Excelsior  mill  (Thomas  &  Pettit),  now  running  as  before,  although  the  paper-mill  has  not  been  in  operation 
for  some  years.  This  mill  has  5  runs  of  stones,  and  uses  50  to  60  horse-power,  with  a  fall  of  28  feet,  and  an  overshot 
wheel. 

These  mills  can  generally  run  at  full  capacitj^  duriug  the  entire  year,  so  far  as  amount  of  water  is  concerned,  but 
those  discharging  directly  into  the  river  are  sometimes  obliged  to  stop  "because  of  high  water.  The  flour-mills  run 
night  and  day.  The  power  is  controlled  by  the  Fredericksburg  Water  Power  Company  (L.  S.  White,  president, 
Baltimore,  Maryland),  and  is  leased  by  them  at  the  rate  of  from  $5  to  $15  per  horse-power  (net  ?)  per  annum, 
according  to  the  level  from  which  it  is  taken  and  the  amount  taken.  There  being  at  present  generally  an  excess 
of  power,  no  care  is  taken  to  measure  exactly  the  amount  used  by  each  mill.  The  following  are  the  amounts  paid 
for  and  the  prices : 

Horse-  Per 

power.  annum. 

Germania  mills ; 50  |750 

Woolen  mill yo 

Thomas  &  Pettit's  flour-mill 50  joo 

Knox's  snmac-mill 60  0 

Fioklen's  flour-mill IXO  120 

Total  used 330± 

In  the  case  of  the  last  two  mills  a  certain  amount  of  power  is  secured  to  them  by  prior  rights. 

The  land  around  the  basin  is  very  favorable  for  the  development  of  power  and  for  the  construction  of  buildings 
and  races.  The  interruption  from  freshets  occurs  so  seldom  as  to  be  of  little  consequence,  and  there  is  very  little 
trouble  with  ice.    The  dam  has  never  been  carried  away  or  injured.    The  entire  cost  of  the  works,  including  dam, 

canals,  land,  etc.,  was  about  $250,000,  but,  the  canal  was  already  built — being  the  old  navigation  canal and 

had  only  to  be  repaired  and  raised. 
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The  drainage  area  above  Fredericksburg  is  about  1,600  square  miles,  and  the  rainfall  about  42  inches — 12  in 
spring,  13  in  summer,  8  in  autumn,  and  9  in  winter.  In  the  absence  of  gaugings  I  have  estimated  the  power  as 
follows : 

Table  of  estimated  power  of  the  Rappahannock  river  at  Frederichsbtvrg. 


state  of  flow  (see  pages  8  to  11). 


Miuilnum 

Minimiam  low  season  . . . 
Maximnm  with  storage . 
Low  season,  dry  years . . 


Drainage       ,,,  ., 
area. 


Sq.  miles.  :    Feet, 


1,000 


4R+ 


Horse-power  available, 
gross,  (o) 

\  footfall. 

a  feet  fan. 

20.0 

960 

25.0 

1,200 

ieo.7 

7,700 

28.4 

1,360 

a  At  present  utilized,  300  to  400  horse-power  net,  oi-  say  .'i.'iO  horse-power  gross. 

lu  their  circular  the  company  claims  4,000  horse-power,  said  to  be  based  ou  Mr.  Chase's  report,  but  the  stage  of 
the  water  is  not  specified.  It  was  stated  to  me,  however,  that  in  dry  weather  the  water  even  now  falls  6  or  8  inches 
below  the  level  of  the  crest  of  the  dam,  the  entire  flow  being  diverted  into  the  canal;  that  in  dry  years  there  is  no 
waste  at  all  during  two  months  or  more  in  working-hours;  and  that  when  the  paper-mill  (referred  to  as  No.  5)  was 
running,  and  using  aboint  75  horse-power,  there  was  one  summer  when  the  mills  could  not  obtain  full  capacity.  Still, 
with  economical  utilization  of  the  fall  and  good  motors,  a  considerably  largei'  ;i mount  of  power  than  is  now  used 
■could  no  doubt  be  rendered  available  even  in  the  driest  seasons,  and  in  ordinary  seasons  much  more.  It  is  also 
probable  that  the  power  can  be  and  is  increased  to  some  extent  by  storing  the  water  during  the  night,  as  the  pond 
is  large  enough  to  store  several  hours'  flow  in  the  driest  seasons.  It  is  stated  that  in  winter  there  are  generally  8 
or  10  inches  of  water  on  the  dam,  in  large  freshets  10  feet,  and  in  ordinary  freshets  5  or  6  feet.  As  regards  the 
maximnm  available  with  storage,  it  is  probable  that  sites  for  reservoirs  can  be  found  in  the  upper  valleys,  though 
probably  not  by  any  means  sufficient  to  render  the  whole  available. 

The  power  at  Fredericksburg,  though  not  large,  comparatively,  is  deserving  of  attention  as  being  very 
conveniently  located.    The  facilities  for  transportation  by  water  and  by  land  are  excellent. 

As  regards  the  river  for  25  or  30  miles  above  Fredericksburg,  I  have  been  able  to  collect  information  quite  in 
detail  regarding  the  old  navigation  works,  but  regarding  particular  sites  for  power  not  much  could  be  learned, 
except  in  one  case.  From  a  description  of  the  locks  and  dams  formerly  existing,  however,  an  idea  can  be  formed 
of  the  amount  of  power  which  could  be  developed  on  the  stream,  and  at  what  points.(a)  The  heights  of  the  dams, 
in  the  following  description,  are  measured  from  the  bed  of  the  stream. 

From  the  basin  at  Fredericksburg  the  canal  extended  nearly  2  miles  to  a  lock  with  a  lift  of  11  feet,  and  beyond 
one-quarter  of  a  mile,  to  dam  No.  1,  which  was  7  feet  high,  and  the  feeder  of  the  lower  levels.(6)  This  dam  is 
not  the  dam  of  the  water-power  company,  but  was  nearly  a  mile  above  the  latter,  and  is  now  washed  away,  the 
navigation  works  having  been  abandoned  before  the  construction  of  the  present  dam.  In  the  pool  of  this  dam 
boats  crossed  to  the  left  bank  of  the  river,  thence  by  canal  2  miles  to  a  lock  with  a  lift  of  12  feet,  and  beyond 
one-quarter  of  a  mile  to  dam  No.  2  (Banks'  dam),  about  10  feet  high.  At  the  lift-lock  just  referred  to  there  was 
at  one  time  a  grist-mill.  Above  Banks'  dam  there  was  slack-water  navigation  for  2J  miles,  to  a  lock  of  10  feet 
lift;  thence  one-quarter  of  a  mile  canal  to  dam  No.  3  (Ballad's  or  Ballard's  dam),  about  10  feet  high;  thence 
slack- water,  2  miles,  to  a  lock  with  10  feet  lift,  and  dam  No.  4  (Smith's  dam),  11  feet  high;  thence  slack- water  again 
2  miles,  to  locks  at  United  States  mill  (at  Barrows'  ford),  22  feet  lift;  then  canal  1  mile  to  lift-lock  of  9  feet  lift, 
and  1  mile  farther  to  dam  No.  5  (United  States  dam),  6  feet  high,  just  below  the  junction  of  the  Eappahannock  and 
Kapidan,  above  which  was  slack-water  for  1^  mile  to  locks  at  Eichards'  ferry,  20  feet  lift;  thence  canal  one-half 
mile  to  dam  No.  6  (Richards'  dam),  about  6  feet  high.  Before  proceeding  further,  attention  must  be  called  to  the 
large  fall  in  this  part  of  the  river,  as  shown  by  the  large  amount  of  lockage.  There  seems  to  be  no  doubt  that  a 
considerable  amount  of  power  could  be  developed  in  this  vicinity;  and  as  the  canal  and  locks,  although  in  bad 
condition,  are  not  entirely  destroyed,  it  is  possible  that  a  good  deal  of  power  might  be  cheaply  utilized.    The 

a.  For  detailed  information  regarding  the  canal  I  am  indebted  to  Wellington  Gordon,  esq.,  of  San  Francisco,  California,  who  vva.i 
president  of  the  navigation  company. 

li  The  following  is  quoted  from  a  report  on  the  canal  in  one  of  the  reports  of  the  board  of  public  works  of  Virginia:  "Between 
Fox's  mill  [43  miles  above  Fredericksburg]  and  Fredericksburg  the  Rappahannock  presents  three  passes  of  peculiar  difficulty  and 
danger.  The  first  is  near  Fredericksburg,  the  second  at  the  junction  of  the  Rappahannock  and  the  Eapidan,  and  the  third  in  the  vicinity 
of  Kelly's  and  Wheatley's  mills.  The  first  is  overcome  by  a  dam  7  feet  in  height  and  a  canal  2  miles  in  extent,  carried  for  a  considerable 
distance  under  a  precipitous  cliff,  and  terminating  in  a  basin  26  feet  above  the  level  of  the  river  at  its  nearest  point.  Between  the  dam 
and  the  basin  are  a  guard-lock,  a  lift-lock  of  11  feet,  a  second  guard-gate,  and  3  waste-weirs.  In  the  second  a  fall  of  35  feet  is  overcome 
by  two  dams,  two  canals — one  of  800,  the  other  of  900  yards  in  extent — and  four  looks.     The  third  is  under  construction,  Ijut  not 

completed." 
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drainage  area  of  the  Eappahannock  above  its  junction  with  the  Eapidan  is  about  784  square  miles,  and  that  of  the 
latter  stream  about  745,  the  total  below  the  junction  being  1,529  or  thereabout.  I  should  estimate  the  flow  and 
power  for  these  three  drainage  areas  about  as  follows : 


state  of  flow  (see  pages  8  to  11). 

DRAINAGE  AEEA  IX  SQUAEE 
MILES. 

FLOW,   CUBIC  FEET  PEE 
SECOND. 

HORSE-POWEK  AVAILABLE,    1 
FOOT  FALL,    GROSS.  _ 

Eappa- 
hannooh. 

RapidaiL 

Both. 

f 
),529. 

Eappar 

hannock. 

Bapidan. 

Both. 

Eappa- 
haimock. 

Bapidan. 

Both. 

MinimTim 

I      784 

745 

• 

78 
102 
693 
117 

75 

98 

658 

112 

168 

220 

1,350 

250 

8.9 
1L8 
W.8  ' 
13.3 

8.  5            19. 1 
11. 2            25. 0 
74.  8          153.  6 
12.  7             28.  4    . 

1    Maximum  with  storage 

Above  dam  No.  C  there,  was  slack- water  for  half  a  mile  to  a  lock  with  12  feet  lift;  thence  canal  for  1^  mile  to 
dam  j^o.  7  (Deep  Run  dam),  about  7  feet  high;  thence  slack-water  IJ  mile  to  a  lock  with  12  feet  lift  and  canal  half 
a  mile  to  dam  No.  8  (Skinker's  dam),  about  5  feet  high;  thence  slack- water  to  locks  with  a  total  lift  of  some  23  feet 
and  canal  for  a  quarter  of  a  mile  to  dam  No.  9  (Ellis'  dam),  about  8  feet  high.  Near  this  place  is  a  grist-  and 
flour-mill  with  4  runs  of  stones,  a  race  three-quarters  of  a  mile  long,  into  which  the  water  is  turned  by  a  rough  wing- 
dam,  and  a  fail  of  18  feet — no  doubt  an  excellent  power.  Although  it  is  the  first  power  utilized  above  Fredericksburg, 
there  have  been  in  former  times  various  mills  in  the  intervening  distance.  Two  miles  below  Ellis'  mill  there  was 
at  one  time  a  mill  (known  as  the  Skinker  mill)  using  a  fall  of  some  20  feet,  with  a  race  a  quarter  of  a  mile  long. 
The  fall  in  this  part  of  the  river  for  a  distance  of  5  or  6  miles  seems  to  be  very  great,  and  capable  of  giving  a 
number  of  fine  powers.  The  power  per  foot  may  be  takeu  as  estimated  above  in  the  table.  Above  dam  No.  9 
there  was  slack-water  for  2  miles  to  a  lock  with  a  lift  of  7  feet  and  dam  No.  10  (Kemper's  dam),  about  9  feet  high, 
tbe  back-water  from  the  dam  below  reaching  up  to  this  one.  Then  came  slack-water  for  2  miles  to  a  lock  of  8  feet 
lift  and  dam  No.  11  (Mountain  Run  dam),  about  10  feet  high;  thence  slack- water  for  2  miles  to  Kelly's  mill  and  a 
flight  of  5  locks,  aggregating  a  lift  of  about  42  feet;  thence  canal  half  a  mile  to  dam  No.  12  (Wheatley's  dam), 
about  7  feet  high.  The  fall  of  the  stream  in  the  mile  below  this  dam  is  very  great  and  the  site  one  of  the  best  in 
the  vicinity,  so  that  it  merits  a  more  particular  description.  Wheatley's  dam  was  about  2  miles  below  the  present 
crossing  of  the  Virginia  Midland  railroad  and  about  2^  miles  from  Rappahannock  station.  Wheatley's  mill  (now 
destroyed)  was  on  the  left  bank,  using  the  old  canal  as  a  race,  and  using  a  fall  of  about  23  feet.  Below  his  tail- 
race,  or  about  three-quarters  of  a  mile  by  the  river  below  his  dam,  was  Kelly'^  dam,  still  in  existence,  from  which  a  race 
of  a  quarter  of  a  mile  led  to  Kelly's  mill  on  the  right  bank,  still  in  use,  with  a  fall  of  19  feet,  making  the  total  fall 
about  42  feet.  There  would  be  no  difficulty  in  utilizing  the  whole  of  this  fall.  The  best  building-ground  is  on  the 
right  bank,  and  by  putting  a  dam  about  half  a  mile  below  the  head  of  the  shoal  and  making  it  12  or  15  feet  high  a 
considerable  pond  could  be  obtained — sufficient,  1  think,  to  allow  the  power  due  to  the  natural  flow  to  be  increased 
30  per  cent,  duripg  twelve  hours ;  while  by  using  the  power  on  the  left  bank  the  old  canal  could  be  cleaned  out  and  used 
as  a  race.  The  bed  of  the  stream  is  rock,  gravel,  and  bowlders,  the  banks  in  places  steep,  but  generally  shelving, 
of  clay  or  rock,  and  the  width  of  the  bed  of  the  stream  about  200  feet.  Kelly's  dam  is  a  crib-work  structure, 
rebuilt  in  1867  or  1868,  about  320  feet  long  and  3  or  4  feet  high,  not  ponding  the  water  over  100  yards.  At  the  mill 
about  CO  horse-power  is  used.  The  flow  is  stated  to  be  much  more  varia,ble  than  formerly,  and  in  heavy  freshets 
the  river  is  said  to  rise  20  feet  and  more  at  the  foot  of  the  shoal  and  10  feet  at  the  head,  although  in  ordinary  freshets 
the  rise  at  the  foot  is  not  over  8  or  10  feet.  There  is  little  trouble  with  ice.  I  have  estimated  the.power  at  this 
place  in  the  following  table,  the  rainfall  being  about  the  same  as  above  Fredericksburg : 


1       state  of  flow  (see  pages  8  to  11). 

1 

Drainage 
area. 

Fall. 

Flow,  per 
second. 

Horse-power  available,  gross. 

Sg.  miles. 

Feet. 

OuMcfeet. 
61 

1  foot  fall. 
6.9 

9.1 

01.7 
10.4 

^feetfan.  1  42feetfail. 

160                 290 

210    1             380 

1,400    1         2,600 

240                  44« 

,    Minimum  low  season 

I          614 

J 

80 
543 
92 

!    Low  season,  dry  years 

1  have  already  alluded  to  the  possibility  of  increasing  this  power  in  dry  seasons  by  ponding  the  water  during 
the  night.  This  site  is  quite  conveniently  located  as  regards  transportation;  and  good  building-materials,  it  is 
said,  can  be  obtained  in  the  neighborhood. 

From  Wheatley's  dam  (No.  12)  there  was  slack-water  for  IJ  or  2  miles,  to  dam  No.  13  (Morgan's  dam),  about 

7  feet  higli,  and  a  lock  with  G  feet  lift.    This  dam  is  still  in  existence,  and  is  about  200  feet  long,  and  6  feet  high, 

above  low  water,  aflbrding  power  to  run  a  grist-mill  with  about  30  horse-power,  just  at  the  crossing  of  the  Virginia 

Midland  railroad.     Above  it  was  slack-water  about  1  mile  to  dam  No.  14  (Beverly's  Ford  dam),  about  7  feet  high 
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with  a  lock  of  6  feet  lift;  thence  slack-water  to  lock  and  dam  No.  15  (7  and  9  feet) ;  thence  slack-water  a  iiiilo 
to  a  lock  (7  feet);  thence  canal  one-eighth  of  a  mile  to  dam  No.  16  (Lee's  dam);  thence  slack- water  IJ  mile  to 
lock  (9  feet) ;  thence  canal  one-eighth  of  a  mile  to  dam  No.  17  (Fox's  dam),  about  9  feet  high;  tbence  slack- water 
to  lock  (7  feet),  and  dam  No.  18  (Sulphur  Spring  dam),  8  feet  high;  thence  slack-water  2  miles  to  locks  with  10  feet 
lift,  and  beyond,  canal  for  1^  mile  to  dam  No.  19  (Hart's  dam),  about  10  feet  high,  which  was  the  last  of  the 
navigation  dams.  Above  this  point  the  river  is  very  small.  All  the  old  dams  referred  to  were  founded  on  rock, 
which  was  generally  found  about  2  feet  below  the  bed  of  the  stream.  The  dams  were  of  timber  cribs  filled  with 
stone,  and  the  abutments  were  in  most  cases  either  of  natural  rock  or  of  masonry  in  cement,  very  substantially 
built.     Notwithstanding  the  considerable  length  of  slack- water  navigation,  it  is  said  that  very  little  land  was  flooded. 

From  what  has  been  said,  it  is  clear. that  the  Eappahaanock  river  offers  a  large  amount  of  unimproved  power. 
The  conditions  seem  to  be  decidedly  favorable  for  its  development,  the  princiijal  objections  being  the  inaccessibility 
of  the  stream,  and  especially  its  very  variable  flow.  But  the  fact  that  at  most  of  the  points  where  power  conld  bo 
used  to  the  best  advantage  there  is  a  canal  already  cut,  in  some  cases  needing  little  work  to  put  it  in  repair, 
should  counterbalance  these  objections  to  some  extent. 

Of  the  tributaries  of  the  Rappahannock,  the  only  one  of  importance  is  the  Eapidan,  which  takes  its  rise 
in  Greene  and  Madison  counties,  and  flows  rather  north  of  east,  forming  the  boundary  between  Orange  and 
Spottsylvania  counties  on  its  right,  and  Madison  and  Culpeper  on  its  left,  and  joining  the  Eappahannock  10  or  12 
miles  above  Fredericksburg.  Its  total  length,  in  a  straight  line,  is  about  40  or  45  miles,  and  its  drainage  area,  as 
already  mentioned,  is  745  square  miles.  The  stream  resembles  the  Eappahannock  in  all  essential  particulars.  Its 
elevation  at  the  crossing  of  the  Virginia  Midland  railroad  is  278  feet,  so  that  its  fall  is  not  much  different  from  th.at 
of  the  Eappahannock,  the  distance  from  the  junction  to  the  railroad  being  probably  a  little  greater  in  the  case  of 
the  Rapidan. 

The  first  power  on  the  stream  is  one  not  utilized,  near  the  mouth  of  Flat  run.  There  was  at  one  time  a  mill 
here  with  a  fall  of  8  feet,  and  some  stamps  were  run  in  connection  with  a  gold-mine  in  the  vicinity,  but  at  present 
there  is  nothing. 

There  are  several  other  unimproved  powers  in  this  part  of  the  stream,  the  next  one  above,  which  was  specially 
mentioned,  being  known  as  "  Germania",  where  there  was  a  mill  thirty -five  years  ago,  with  a  fall  of  6  or  7  feet. 
According  to  the  map,  this  place  is  10  or  12  miles  above  the  mouth  of  the  river. 

At  Raccoon  Ford,  perhaps  10  miles  farther  up,  there  is  a  grist-mill  with  a  fall  of  7  feet  and  about  25  horse-power, 
with  a  dam  300  feet  long  and  7  feet  high.  It  is  stated  that  full  capacity  can  be  secured  during  only  eight  or  ten 
months,  and  that  there  is  not  much  waste  by  leakage.     The  kind  of  motor  is  not  known. 

Next  comes  a  grist-mill  with  a  fall  of  8  or  9  feet;  and  then,  at  Rapid  Ann  Station,  a  flour-mill  using  50  horse- 
power and  a  fall  of  9  feet,  the  dam  being  240  feet  long  and  9  feet  high.  Full  capacity  can  be  obtained  during  nine 
months,  with  some  leakage  in  summer.  The  drainage  area  above  this  place  is  about  440  square  miles.  Above  are 
a  number  of  small  mills,  and  one  site  not  used,  known  as  Peyton's,  with  6  or  7  feet  fall,  just  above  Eapid  Ann  Station. 

The  tributaries  of  the  Eapidan  and  those  of  the  Eappahannock  afford  small  powers,  and  some  of  the  streams 
are  utilized  to  a  considerable  extent.     None  of  the  powers,  however,  are  large. 


Table  of  statistics  of  utilized  power  on  the  Rappahannock  river  and  its  tributaries. 


No. 

of 

mills. 

Total 
fall 
used. 

Total 
horse- 
power 
used, 
net. 

Feet. 

1 

18 

45 

3 

75 

220 

1 

18 

60 

1 

18 

40 

1 

16 

40 

1 

6 

30 

3 

66 

3d 

1 

25 

12 

2 

16J 

02 

2 

34 

20 

4 

43 

57 

6 

64 

105 

3 

39 

40 

1 

18 

5 

64 

136 

10 

196 

I 

12 

20 

2 

27 

65 

3 

36 

28 

2 

35 

24 

5 

68 
557 
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Stream. 


Eappahannock  river . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Bapidan  river 

Do 

other  tribntarles  of  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what. 


Cheeapeake  bay 

do 

do 

do 

do 

do 

do 

do 

Bappahannock  river . 

do 

do 

do : 

do 

do 

do 

do 

......do  

do 

do 

do 

do 


Virginia . 

do.. 

do.. 

do.. 

&o  .. 

do.. 

do.. 

do    . 

do.. 

do.. 

, do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do  .. 

do  .. 

......do.. 

...„.do.. 
do.. 


County. 


Spottsylvania... 

....  do  

do 

Stafford 

Cnlpeper 

Fauquier 

Bappahanno^  . 

, do 

Orange  

Madison 

Lancaster 

Middlesex 

do 

Richmond 

do 

Essex 

do 

King  George  — 

Caroline 

Spottsylvania.. 
Orange  


Kind  of  mill  or  manufac- 
ture. 


Woolen 

Flour  and  grist . 

Fertilizers 

Flour  and  grist  - 

, do 

do 

do 

Saw 

Flour  and  grist  . 

do 

do 

do 

Saw 

do 

Flour  and  grist . 

do 

Saw 

Flour  and  grist  - 

do 

do 

do 
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Table  of  statistics  of  utilized  power  on  the  Eappahannoch  river  and  its  tributaries — Continued. 


Stream. 

Tributary  to  what. 

State. 

r^ t„                   1  Kind  of  mill  or  manufac 

^"""^y-                                      ture. 

ITo. 
of 

mills. 

Total 

fall 

used. 

Total 
horse- 
power 
used, 

n«t. 

Kappahaimock  riyer. . 
do 

Virginin, 

Culpeper 

do 

17 
2 

Feet. 

211 

25 

360. 

do 

SAW 

2f>.- 

Tin 

do 

do 

do 

14     j             10 

Do 

..    ..do  

do 

Fauquier 

Flour  and  grist 

fiO     '             KE. 

Do 

do 

do 

Happabannock    

do 

16     j       240     1           "ilT 

Do 

do                

....do...      . 

do 

Saw 

1 
11 

3 

1 

19                20 

Do 

......do  

do 

do 

Leather 

Wheetwriffhtinff 

18                15 

Do 

do 

do 

do 

10     i            15 

Do 

do 

do 

do 

Woolen 

16     '            1  .'i 

Do 

do 

...   .do  

144 
40 

6 
44 

9i 

U» 

Do 

do - 

do 

do 

Saw 

58 

Do 

do 

do 

do 

15 

Do ■. 

do 

do 

Greene 

do 

4S 

Do 

do 

do 

2 

IV.— THE  POTOMAC  RIVER  AND  TRIBUTARIES. 


THE  POTOMAC  EIVER. 

The  Potomac  river  is  formed  by  the  union  of  its  two  branches,  the  North  brauch  and  the  South  branch,  on  the 
line  between  Hampshire  county,  West  Virginia,  and  Alleghany  county,  Maryland,  whence  it  pursues  a  course  at 
first  north  of  east  and  then  southeast,  forming  for  its  entire  length  the  boundary  between  the  state  of  'Maryland 
and  the  states  of  West  Virginia  and  Virginia,  and  emptying  into  Chesapeake  bay  about  60  or  70  miles  from  cape 
Charles.  It  drains  a  total  area  of  about  14,500  square  miles,  but  its  course  is  so  devious  that  some  of  its  head -water* 
are  not  over  180  or  190  miles  from  its  mouth,  measured  in  a  straight  line.  The  principal  streams  tributary  to  the 
river  are  the  following,  in  their  order,  beginning  at  the  mouth : 

Drainage  areas. — Tributaries  of  the  Potomac  river. 

From  the  north  :  square  miles. 

Seneca  creek 163 

Monocacy  river 1,010 

Antietam  river : 343, 

Conocooheague  creek 4^3 

Licking  creek '. 186 

Conetowarts  creek 165. 

Sideling  creek 121 

Town  creek 190 

North  branch 1,316 

From  the  south : 

Occoqaan  creek 573 

Goose  creek 466 

Shenandoah  river 2,850 

Opequan  creek , V 286 

Buck  cEeek : 220 

Sleepy  creek 214 

Great  Caoapon  creek 616 

Little  Caoapon  creek 163 

South  branch 1,580 

The  two  branches  which  form  the  river  rise  in  the  Alleghanies,  the  North  branch  near  the  western  corner 
of  the  state  of  Maryland,  and  the  South  branch  in  Virginia  and  West  Virginia,  near  the  sources  of  the  Cowpasture 
and  Jackson's  rivers  (the  head- waters  of  the  James),  whence  it  flows  nearly  north.  These  branches,  with  their 
affluents,  and  the  tributaries  of  the  main  stream  as  far  down  as  the  Shenandoah,  drain  a  series  of  narrow  and 
generally  fertile  valleys  lying  befeween  the  parallel  ranges  which  make  up  the  system  of  the  Alleghanies  in  this 
region.  Their  falls  are,  as  a  rule,  not  very  large,  their  declivities  uniform,  and  their  beds  gravel  and  sand.  Their 
chief  peculiarity  lies  in  the  great  fluctuations  to  which  their  flow  is  liable.  The  rain  falling  on  the  mountains  is 
shed  rapidly  into  the  water-courses  by  the  steep  side  slopes  leading  to  the  narrow  valleys  below,  and  there  being- 
few  lowlands  to  overflow,  and  so  to  store  the  freshet  water,  and  no  lakes  whatever  in  the  region,  these  streams,  and 
■with  them  the  Potomac  river,  are  subject  to  very  sudden  and  heavy  freshets,  while  in  dry  seasons  their  discharge 
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becomes  very  .small.  A  giauce  at  the  table  on  page  I)  of  the  preseut  report,  which  contaiLs  the  results  at  all  the 
gaugings  ou  the  Potomac  which  could  be  obtained,  shows  this  peculiarity  very  plainly.  The  flow  of  the  Xorth 
branch  at  Cumberland,  when  at  its  miuimum,  is  found  to  be  only  one-tenth  as  large  in  jji-oportion  to  its  drainage 
area  as  would  be  expected  from  a  stream  of  similar  size  in  New  England ;  and  the  minimum  flow  of  the  Potomac 
at  the  Great  falls  is  seen  to  be  exceedingly  small  for  so  large  a  stream.  This  characteristic  seems  to  be  more 
marked  in  the  case  of  the  tributaries  from  the  south  than  in  the  case  of  those  from  the  north,  in  which  direction 
the  country  opens  out  somewhat,  the  mountains  diminish  in  height,  and  the  width  of  the  valleys  becomes  rather 
gi-eater. 

From  the  junction  of  its  two  branches  the  Potomac  cuts  through  the  mountains  nearly  at  right  angles.  Its 
valley  in  this  part  of  its  course  is  narrow,  its  fall  at  places  quite  rapid,  the  bed  generally  gravel,  bowlders,  and 
sand,  with  rock  at  a  small  depth,  and  often  at  the  surface,  and  the  banks  generally  high  and  sometimes 
precipitous,  with  not  many  low  grounds  subject  to  overflow.  After  receiving  the  Shenandoah  at  Harper's  Ferry, 
the  stream  cuts  through  a  narrow  gap  in  the  Blue  ridge  and  reaches  the  true  Atlantic  plain.  It  crosses  the 
fall-line  a  few  miles  above  Washington,  atnd  reaches  tide-water  at  Georgetown.  From  this  point  to  its  mouth  it 
is  sluggish,  tidal,  and  navigable,  there  being  at  present  a  navigable  depth  up  to  Georgetown,  105  miles  from  its 
mouth,  of  16  feet  at  low  tide  and  19  feet  at  high  tide.  Above  Georgetown  there  are  various  shoals  which  prevent 
further  navigation. 

The  rainfall  in  the  valley  varies  from  44  inches  in  the  lower  part  to  38  inches  in  the  upper  part.  Eegarding  its 
amount  and  distribution  above  various  points,  it  will  be  seen  by  the  table  on  page  9,  that,  as  in  the  case  of  the 
Eappahannock  and  the  James,  the  distribution  through  the  seasons  is  very  irregular,  there  being  a  small  fall  in 
autumn  and  winter.  The  effect  of  this  will  be  seen  in  a  small  minimum  and  low-season  flow,  occurring  probably  late 
in  the  autumn ;  and  this  fact  goes  far  toward  explaining  the  very  small  measured  values  of  the  minimum  flow. 

The  declivity  of  the  stream  is  shown  by  the  following  table : 

Slope  of  the  Potomac  river. 


Locality. 


j  Distance 
&om  tide. 


Georgetown 

Harper's  Ferry  . 
Shepherdstown . 

Dam  ^o.  4 

Dam  No.  5 

Cumberland 


Elevation 
above 
tide. 


Miles. 
0 

61}  j 

71 

85  ^ 
107  I 
185 


0 
245 
280 
319 
367 
610 


Distasice 
between 
points. 


Miles. 

>  61.5 
;      9.5 

>  14.  e 

[     22.0 
\     78.0 


Tall 
between 
points. 


Feet. 

245 
35 
39 
38 

253 


Fall  per 

mile 
between 
points. 


Feet 

4.0 
3.7 
2.8 
1.7 
3.2 


NoTB. — Distances  are  in  some  cases  inaiocnrate. 

It  will  be  noticed  that  the  elevation  of  the  Potomac  when  it  passes  through  the  Blue  ridge  is  about  245  feet, 
while  that  of  the  James  at  its  passage  through  the  same  range  of  mountains  (at  Blue  Kidge  dam,  see  page  14)  is 
706  feet.  The  fall  of  the  Potomac  is  therefore  much  smaller  than  that  of  the  James,  though  still  quite  large.  Of 
the  245  feet  below  Harper's  Ferry  about  90  occur  in  a  short  distance  at  the  Great  falls;  and  if  this  be  subtracted, 
the  fall  in  the  remaining  distance  is  found  to  average  about  2.5  feet  per  mile. 

As  a  water-power  stream  the  principal  disadvantage  of  the  Potomac  is  the  great  variability  of  its  flow.  In  all 
other  respects  it  seems  favorable.  Good  rock  foundations  for  dams  can  generally  be  obtained  at  small  depth,  the 
banks  are  as  a  rule  favorable,  and  there  are  several  sites  where  large  falls  could  be  rendered  available,  as  will  be 
seen  hereafter.  Building-materials  can  generally  be  found,  and  the  facilities  for  transportation  are  excellent.  The 
map  shows  that  the  Baltimore  and  Ohio  railroad  follows  the  river  for  its  entire  length,  receding  at  places  several 
miles  from  it,  but  for  long  distances  keeping  within  sight  of  it.  In  addition  to  this,  the  Shenandoah  Valley  railroad 
and  the  Cumberland  Valley  railroad  cross  the  stream.  Finally,  the  Chesapeake  and  Ohio  canal  follows  it  almost 
within  sight  at  every  point,  from  Georgetown  to  Cumberland,  on  the  North  fork,  using  it  in  a  few  places  for 
slack-water  navigation.  The  ponds  are  not  large,  and  the  facilities  for  storage  on  the  main  stream  are  very  small. 
On  some  of  the  tributaries  sites  for  small  reservoirs  could  be  found,  while  on  many  there  are  no  facilities. 

Aside  from  a  small  amount  of  power  which  "is  used  from  the  •Chesapeake  and  Ohio  canal,  there  is  only  one  mill 
using  power  from  the  river — a  very  remarkable  fact,  considering  that  there  are  several  large  falls. 

Water  is  leased  by  the  canal  company — to  be  discharged  either  around  the  locks  into  lower  levels  or  into  the 
river — generally  by  the  square  inch  of  opening;  "opening  to  be  placed  with  its  lower  edge  2  feet  above  canal 
bottom,  and  to  be  cut  square  through  an  iron  plate  half  an  inch  thick".  No  head  or  quantity  of  water  is  guaranteed^ 
as  the  canal  is  to  be  used  primarily  for  navigation.    The  original  rates  for  water  were  $2  50  per  square  inch  per  annum, 

leased  for  twenty  years,  a  bonus  of  $3  per  inch  payable  upon  every  renewal.    The  experience  in  regard  to  leasing 
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water  has  been  that  it  is  not  advisable  to  lease  large  quantities,  that  it  is  a  source  of  inconvenience  to  navigation, 
and  does  not  pay.  The  velocity  allowed  on  the  canal  is  considered  to  be  about  IJ  mile  per  hour,  or  2.2  feet  per 
second,  or  rather  larger  than  on  the  James  Eiver  and  Kanawha  canal.  Loaded  boats  coming  down  get  the  benefit 
of  the  current,  and  the  greater  part  of  the  traffic  is  down  the  river;  moreover,  the  dimensions  of  the  canal  are 
rather  greater  than  those  of  the  James  Eiver  canal,  so  that  a  larger  velocity  would  be  required  here  to  offer  the 
same  resistance  to  boats.  Considerable  power  could  be  rendered  available  abeve  Georgetown  by  using  the 
flume-water  at  the  locks,  or  the  water  which  passes  around  the  locks  to  supply  the  levels  below;  but  the  amount 
of  power  which  might  thus  be  rendered  available  can  not  be  estimated,  varying  at  different  places  and  according 
to  the  weather,  the  traffic,  etc.  As  the  company  does  not  guarantee  any  special  head  or  quantity  of  water,  the  mills 
on  the  canal  have  to  regulate  their  work  according  to  the  navigation  in  the  canal.  Those  above  G-eorgetown  can, 
however,  get  their  fall  capacity  as  long  as  there  is  water  in  the  canal,  but  the  water  is  entirely  drawn  off"  daring  the 
months  of  December,  January,  and  February.  The  mills  on  the  Georgetown  level  run  nearly  all  the  year,  subject 
only  to  occasional  short  interruptions ;  and  the  water  is  drawn  off  from  this  level  for  ten  days  in  the  year  for 
ordinary  repairs.    'None  of  the  mills  use  auxiliary  steam-power,  however. 

The  canal  is  fed  entirely  from  the  Potomac  and  the  North  branch,  and  there  are  no  artificial  reservoirs  connected 
with  it  except  the  ponds  of  the  dams  on  the  river,  of  which  there  are  eight  between  Georgetown  and  Cumberland. 
At  some  of  these  dams  power  could  be  used,  as  will  be  seen  hereafter,  but  the  ponds  are  allso  small  that  they  afford 
no  great  storage-room.  The  original  dimensions  of  the  canal  were  as  follows :  From  Georgetown  to  Harper's 
Ferry,  60  feet  wide  at  top,  42  at  bottom,  6  feet  deep;  from  Harper's  Ferry  to  dam  No.  5  the  corresponding 
dimensions  being  50  feet,  32  feet,  and  6  feet ;  and  from  dam  No.  5  to  Cumberland,  54  feet,  30  feet,  and  6  feet. 

The  following  table  gives  the  mills  and  power  supplied  from  the  canal : 


Kame  of  place. 

Kind  of  mill. 

Number 

of  square 

incbes. 

Head. 

Quantity 

of  water  per 

seconcC 

H«ad 
and  fall. 

Horse- 
power, 
gross. 

Bemarks. 

417 
328 
229 

2,595 
731 

1,300 

Feet. 

ai 
ai 
ai 
ai 

OuJncfeet. 

Feet. 
34.5 
34.5 
34.5 
34.5 
34.5 
34.5 
6 
17 

8-10 

8 

28 

Do : 

Do 

Head  and  fall  of  34.5  feet  to 
■     mean  high  tide;   discharge 
to  river. 

Do 

rionr 

Do 

Total  ID  Georgetown 

310  ± 

(Estimated)  55 

1,  2U± 

37 
25-30 

Berlin,  Frederick  coniity 

Wevertott 

Flour 

Was  tewaterleased;  discharged 
to  river. 

Discharged  to  river. 

Above  Antietam  aqueduct 

Saw      

50 

Small           

Williamsport  lock 

Saw 

Williamsport aqueduct .,. 

Discharged  to  river. 

33 

200 
500  ± 

2 

4 

3-4 

Small 

Hancock 

Griet 

24  ± 
24  d= 

I  Discharged  to  river. 

Above  Hancock 

a  Or  lees. 
Note. — For  my  information  regarding  the  canal  and  the  power  used  from  it,  as  well  as  for  much  valuable  information  regarding  the  flow  of  the  liver,  etc.,  I 
am  indebted  to  Mr.  William  E.  H|^tton,  civil  engineer,  now  of  New  York,  consulting  engineer  of  the  canal  company. 

The  power  supplied  is  therefore  very  small  in  amount,  though  it  might  be  increased  greatly.  In  view  of  the 
fact  that  the  amount  available  depends  entirely  upon  the  state  of  traffic  on  the  canal,  and  other  circumstances, 
estimates  can  not  be  made  and  are  not  necessary.  The  amount  of  water  necessary  for  the  purposes  of  navigation  is 
very  variable,  and  in  dry  seasons  the  flow  at  Cumberland  is  not  sufficient  to  supply  these  wants,  so  that  the  height 
of  the  water  in  the  levels  below  gradually  sinks,  from  evaporation  and  leakage,  and  at  Patterson's  creek  a  steam- 
pump  raises  100,000  or  120,000  gallons  per  minute  to  supply  the  canal.  In  the  above  table  "waste  water"  means 
the  surplus  which  comes  down  to  a  given  level  over  what  is  required  for  lockage,  etc.,  below,  and  which  is  therefore 
returned  to  the  river. 

'  Ascending  the  river  itself,  the  first  power  is  about  5  miles  above  Georgetown,  at  Little  falls,  where  canal  dam 
TSTo.  1  supplies  the  Georgetown  level.  The  dam  is  1,750  feet  long,  7  feet  high  above  low  water,  and  is  built  of 
riprap.  Its  crest  is  about  37  feet  above  tide.  The  river  is  shoaly  for  some  distance  below,  and  it  is  probable  that 
a  fall  of  10  feet  or  more  could  be  used  here.  The  dam,  however,  is  not  tight,  so  that  at  present,  as  already  stated, 
the  canal  company  can  not  always  supply  their  present  leases  on  the  Georgetown  level;  but  with  a  close  dam  a  large 
amount  of  power  could  be  used,  either  near  the  dam  or  below  at  various  places  on  the  level.  If  the  allowable 
velocity  on  the  canal  be  taken  at  2.2  feet  per  second,  the  canal  could  carry  about  670  cubic  feet  per  second,  which 
would  afford  at  Georgetown,  with  a  fall  to  mean  high  tide  of  say  30  feet,  a  gross  power  of  aearly  2,300  horse-power. 
The  following  table  contains  estimates  of  the  flow  of  the  river,  from  which  an  idea  of  the  power  at  the  dam  itself 

can  be  formed : 
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Esimaie  of  flow  and  power  at  JAiileftdh. 


state  of  flow  (seo  pji  i^cw  8  to  11) . 

Minimum 

Minimum  low  season 

Maximum  witli  storage 

Low  season,  d  ry  years , 


Drainage 
area. 


Tall. 


Sq.  miles. 


{■'" 


Height  of  dam, 
7  feet;  aviiil- 
able  fall,  prob- 
ably about  10 
feet. 


Flow  IKT 

rioi-Me-powur  available, 
gross. 

Cl.irJW,. 

1  font  fall. 

:)>  feet  fall. 

(      ,1,075 

122.  0 

1,220 

1,D70 

22.9.  8 

2,240 

■]      10, 300 

1,170.  0' 

11,700 

I       2, 300 

201.3 

2,600 

The  pond  of  the  dam  is  not  used  for  navigation,  and  the  facilities  for  building  are  good  just  below  the  dam. 

The  next  site  above  is  at  the  Great  falls  of  the  Potomac,  14  miles  above  Georgetown.  The  water  pours  here  over 
a  solid  mass  of  rock,  with  banks  of  the  same  material,  often  very  steep  and  precipitous  just  at  the  edge  of  the  water, 
but  with  level  or  nearly  level  places  on  top  of  the  blufi's,  extending  b*ck  in  some  places  a  hundred  yards  or  more, 
the  facilities  for  building  being  ample  on  both  sides  of  the  river.  The  stream  descends  at  the  princii)al  fall  perhaps  35 
or  40  feet  in  100  or  150  yards,  and  the  total  fall  in  a  distance  of  about  a  mile  or  a  mile  and  a  half  is  80  or  90  feet.  The 
stream  is  narrow  for  the  greater  part  of  this  distance,  and  in  freshets  the  water  is  said  to  ri.se  30  or  40  feet  at  some 
points.  It  is  said  that  many  years  ago  a  canal  l.i  mile  long  was  built  around  the  falls  on  the  Virginia  side,  which, 
io  the  event  of  the  development  of  the  j)ower,  could  be  used  as  a  race,  though  it  is  now  almost  entirely  filled  up. 

The  drainage  area  above  the  Great  falls  i.-i  about  11,476  square  miles,  and  the  rainfall  is  given  in  the  table 
on  page  9.  The  stream  has  been  gauged  at  this  point,  and  the  minimum  flow  found  to  be  1,069  cubic  feet  per 
second.  The  ordinary  low-water  flow,  however,  is  stated  at  over  2,000  cubic  feet  per  second.  I  have  estimated  the 
power  as  follows : 

Ustimate  of  floic  and  power  at  the  Great  falls  of  the  Potomac. 


state  of  flow  (seo  pages  8  to  11). 


Drainage       -p  .,     i   Flow  per 
area.       1  *    '.     second. 


Minimum \ 

Minimum  low  season I 

11 
Maximum  with  storage if 

Low  season,  dry  years  ,  J 


Horse-power  available. 

gross. 

I  foot  fall. 

m  feet  fall. 

121.5 

9,720 

221.6 

17,  730 

1, 160.  5 

92,  840 

261.3 

20,  900 

No  power  is  used  at  this  site.  The  water  for  sup])lying  the  cities  of  Washington  and  Georgetown  is  drawn 
from  the  river  just  above  the  falls  and  conducted  to  its  destination  through  a  large  aqueduct ;  but  the  quantity  of 
water  taken  is  very  small  compared  with  the  flow  of  the  stream.  One  disail vantage  of  the  site  is  that  it  is  not  easily 
accessible  except  by  the  canal.     The  latter,  however,  aflbrds  good  advantages  for  transportation. 

The  next  site  is  at  canal  dam  Xo.  2,  at  the  mouth  of  Seneca  creek.  The  dam  i.s  2,500  feet  long,  and  from  2  to 
10  feet  high  from  the  rock  foundation,  and  is  a  rubble  dam  and  frequently  damaged  by  floods.  Its  crest  is  about 
180  feet  above  tide.  The  site  is  not  a  very  favorable  one,  the  fall  being  small  and  the  facilities  for  building  not 
very  good.     Xot  knowing  the  fall,  estimates  of  the  power  would  be  of  litUe  value. 

The  next  site  is  where  the  river  breaks  through  the  Blue  ridge,  just  below  Harper's  Ferry.  From  Weverton, 
3  miles  below  Harper's  Ferry,  to  dam  Xo.  3,  a  mile  above  that  place,  the  fall  is  almost  continuous,  forming  really 
but  one  shoal  or  rapid ;  but  as  the  part  above  the  ferry  could  best  be  used  at  or  above  the  town,  it  is  best  to 
consider  the  shoal  in  two  parts.  From  Harper's  Ferry  the  stream  falls  25  feet  in  a  distance  of  3  miles, (a)  the  bed 
being  rocky,  and  the  banks,  though  in  places  steep,  as  a  rule,  favorable  for  a  dam,  and  with  numerous  sites  for 
building.  It  was  at  one  time  attempted  to  develoi)  this  power,  and  in  1834  the  Weverton  Manufacturing  Company 
was  incorporated  with  this  object  in  view.  The  site  was  surveyed  by  E.  N.  Dickerson,  of  Paterson,  New  Jersey, 
who  reported  on  the  property  in  glowing  terms,  and  subsequently  a  dam  was  bu;lt  and  a  cotton-mill  and  some 
other  mills  started ;  afterward  a  file  factory  was  put  up,  together  with  a  large  flour-mill  on  the  other  side  of  the  river; 
but  for  some  reason  none  of  them  continued  long  in  operation,  and  at  present  the  site  iis  altogether  unimproved. 
The  available  power  is  estimated  in  the  annexed  table : 

JtJstimate  of  fow  and  jJOtver  of  the  Potomac  river  at  Wererto^i. 


State  of  flow  (see  pages  8  to  11). 


Drainage 
area. 


Sq.  ■miles. 

Minimum -j 

Minimum  low  season 

,,     .              .  ,  I  V      9, 260 

Maximum  witn  storage j 

Low  season,  dry  years I J 


Fall. 


Flow  per 
second. 


B  Horse-power  available, 
»:]0srt. 


Feet. 


Cubic  feet.  I  1  foot  fall.  [  li  feat  fall. 

800    j  B7. 7  ,  2,4-10 

1,070    I  17;;.  4  ^  .),4CU 

8,240    I  936.3  j         23,400 

1,800    1  204.5  I  5,100 


a  E.  N.  Dickereon's  report,  1845. 

f>  Dickerson  states  the  total  available  fall  at  45  fe,et,  including,  no  doubt,  a  large  part  of  the  iall  above  Harper's  Ferry. 
1012  w  P— VOL  16 36 


561 


44 


WATER-POWER  OF  THE  UNITED  STATES. 


On  account  of  the  rapid  fall  of  the  stream  above,  the  pond  would  be  small  unless  the  dam  were  very  high.  It  is- 
stated  that  fine  building-materials  abound  in  the  immediate  vicinity;  and  as  far  as  transportation  is  concerned  the 
advantages  are  excellent,  the  canal  and  the  railroad  passing  directly  by  the  place.  As  regards  facilities  for  dams 
and  races  there  would  also  be  no  difficulty,  except  perhaps  that  the  freshets  might  cause  a  stoppage  of  work  at 
intervals. 

At  Harper's  Ferry,  where  the  Shenandoah  joins  the  Potomac,  the  latter  stream  passes  through  a  deep  and 
rocky  gorge  with  almost  perpendicular  banks  for  a  short  distance.  Above  that  point  the  fall  of  the  river  is  rapid, 
and  about  1^  mile  above  we  come  to  dam  No.  3,  which  was  originally  built,  it  is  said,  to  supply  power  to  th& 
government  works  at  Harper's  Ferry;  but  those  works  were  destroyed  during  the  war  and  have  not  been  in 
operation  since,  and  the  dam,  being  now  used  only  as  a  feeder  to  the  canal,  is  not  in  good  order.  It  was  formerly 
built  of  low  cribs,  but  is  now  partly  riprap  and  partly  dry  wall  2  to  5  feet  high  above  the  rock.  The  fall  of  the 
river  from  the  dam  down  to  the  mouth  of  the  Shenandoah  is  about  27  feet.  On  the  north  side  of  the  river  the  canal 
skirts  the  bank  so  closely  that  no  room  remains  for  the  utilization  of  power;  but  on  the  south  side,  where  the 
government  factory  was  located,  the  facilities  for  canals  and  buildings  are  tolerably  good,  though  rather  limited  as- 
regards  space.  The  old  canal,  leading  from  the  dam  to  the  factory,  is  now  dry  and  partially  filled  up.  It  is  said 
that  a  fall  of  about  22  feet  was  formerly  used  at  this  place,  and  it  is  probable  that  no  more  than  this  could  be  utilized 
without  raising  the  dam,  the  building-sites  being  located  about  an  eighth  to.a  quarter  of  a  mile  above  the  mouth 
of  the  Shenandoah.  At  present  no  power  whatever  is  used  here.  The  following  table  contains  estimates  of  the: 
power  available : 

Estimate  of  flow  and  power  of  the  Potomac  river  at  Harper'' s  Ferry. 


State  of  flow  {see  pages  8  to  11). 

Drainage 
area. 

FaU. 

Flow  per 
seeoDd. 

Horse-pow  er  available, 
gross. 

Sq.  miles. 
6, 380 

Feet. 

j 

22 -t-^ 

Cubic  feet. 

575 

1,020 

5,740 

1,166 

1  foot  fall. 

65.3 

115.9 

652.0 

133.5 

ZifeetfaU. 

1,430 

2,550 

14,  350 

2,900 

Maximtiin  with  storage 

The  freshets  in  the  river  are  felt  quite  severely  at  this  point,  and  it  is  said  that  at  one  time  the  river  rose  2S 
feet  above  low  water.  Ice-jams,  however,  rarely  occur.  The  facilities  for  transportation  are  excellent,  building- 
materials  are  abundant,  and  there  seems  to  be  no  reason  why  a  large  and  fine  power  could  not  be  utilized  here.  The 
site  is  probably  the  most  favorable  one  on  the  river. 

The  next  site  is  about  a  mile  below  Shepherdstown,  and  about  10  or  12  miles  above  Harper's  Ferry.  At  this 
place  there  is  a  wooden  dam  about  600  feet  long  and  8  feet  high,  which  supplies  power  to  a  cement-mill  on  the  right 
bank,  the  fall  used  being  8  feet  and  the  power  30  to  50  horse-power.  The  race  is  500  feet  long  and  60  feet  wide,, 
and  the  dam  is  said  to  pond  the  water  for  several  miles.  This  mill  is  the  only  one  supplied  directly  from  the 
Potomac  river.    The  available  power  is  estimated  in  the  table  on  the  following  page. 

The  next  site  is  at  dam  Fo.  4,  about  25  miles  above  Harper's  Ferry.  The  dam  is  of  masonry,  800  feet  long  and 
15J  feet  high  above  low  water  (20J  feet  from  rock  foundation).  Along  the  canal,  on  the  Maryland  side,  the  tow-path 
is  too  narrow  and  too  low  to  allow  of  any  mills  being  located  there,  but  on  the  Virginia  side  there  are  sites  for 
building.  The  estimates  of  available  power  are  given  with  sufficient  detail  on  page  45.  The  pool  of  this  dam  is 
used  for  navigation  for  a  distance  of  3J  miles. 

We  next  come  to  dam  No.  5,  about  7  miles  above  Williamsport.    It  is  720  feet  long  and  16J  feet  high  above 

low  water  (20^  to  24  feet  from  rock  foundation),  and  is  built  of  masonry.    Before  the  war  a  large  flour-mill the 

Honeywood  mill — used  water  on  the  Virginia  side,  and  there  is  no  favorable  site  for  others  on  that  side;  but  on 
the  Maryland  shore  the  canal-bank  could  be  used  for  some  distance,  though  in  many  places  the  tow-path  is  built  up 
from  the  river,  leaving  no  sites  for  buildings.  The  pool  of  the  dam  is  used  for  navigation  for  half  a  mile.  The 
power  is  estimated  below. 

Dam  No.  6,  10  miles  above  Hancock,  is  a  crib-work  dam  filled  with  stone,  and  is  470  feet  long  and  15J  feet  high 
above  low  water  (20|^  feet  above  rock  foundation).  Its  crest  is  about  428  feet  above  tide.  There  are  some  sites  on 
the  Virginia  side,  and  on  the  Maryland  side  the  whole  length  of  the  canal  could  be  used. 

Dam  No.  7  was  never  built.  The  stream  has  considerable  fall  in  this  part  of  its  course,  and  power  could 
probably, be  developed  at  many  places,  but  it  might  be  difficult  to  find  convenient  locations,  as  the  railroad  on  one 
side  and  the  canal  on  the  other  often  occupy  all  the  ground  which  would  be  available  for  building.  The  only  sites 
on  the  river  which  seem  to  be  of  great  importance  are  those  at  the  Great  falls,  at  Weverton,  at  Harper's  Ferry,  and 
at  the  other  canal  dams.  For  reasons  already  stated,  estimates  are  not  given  of  the  amount  of  power  which  could 
be  obtained  from  the  canal,  although  there  are  many  places  where  power  could  conveniently  be  used  in  that  way,, 
as,  for  instance,  below  dam  No.  6. 

Dam  No.  8,  being  on  the  North  branch,  at  Cumberland,  will  be  considered  when  that  stream  is  described. 
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Summary  of  estimates  of  flow  and  power  of  the  Potomac  rirer. 


27ame  of  place. 


Dam  No.  1  (Little  falls). 


Great  falls 

D>im]Sro.2 

"Weverton 

Harper's  Ferry  . 
Shepherdstown  . 

Dam  No.  4 

Dam  No.  5 

Dam  No.  6 


Miles. 
5 


14 


57 

60 

70  ± 

C5 
106 
136  ± 


Sq.  miles. 
11,  688 

11,476 
11,389 
9,260 
6,380 
5,975 
5,899 
5,066 
3,550 


RAINFALL. 


In.  I  In. 

12  I     0 


TOTAL  FALL. 


Miles. 


.if 
w 


Feet. 

10  1- 

80-90 
Small. 

25 

22  ± 


nORSK-POWER  AVAILADLE, 
ORObS.  (a) 


1 


15i 
16i 
16J 


S   OJ 


1,220  i     2,246 


9,720     17,730 


05    kj 


2,440 
1,430 
180 
775 
700 
440 


4,460 
2,550 
800 
1,500 
1,420 


11,700  I  2,000 

I 
02,  840  I  20,  900 


23,  400 
14,  350 
4,880 
9,300 
8,550 
5,600 


5,100 
2,900 
920 
1,725 
1,625 
1,000 


I 


I 


^  a 


Kemarlcs. 


8  !    30-50 


Dam  7  feet  liigh.  Power- 
utilized  below,  at  George- 
town. 


Dam  8  feet  high. 
Dam  15J  feet  high. 
Dam  lej  feet  high. 
Dam  15J  feet  high. 


a  See  pages  8  to  11. 

TEIBUTARIES  OF  THE  POTOMAC  RlVEli.       ' 

The  iirst  tributary  whose  water-power  is  worth  mentioning  is  Occoquan  creek,  which  is  formed  by  the  union  of 
Broad  run  and  Cedar  run,  in  Prince  William  county,  Virginia,  whence  it  pursues  an  easterly  course  for  a  distance 
of  about  13  miles  in  a  straight  line,  and  after  forming  for  some  distance  the  boundary  Hue  between  Prince  William 
and  Fairfax  counties  empties  into  the  Potomac  river  about  25  miles  below  Washington.  Broad  and  Cedar  runa 
have  their  sources  in  Fauquier  and  Prince  William  counties,  the  former  draining  87  square  miles,  and  the  latter 
rather  less.  The  Occoquan  receives  as  its  principal  tributary  below  these  two,  Bull  run,  which  rises  at  the  extreme 
northern  corner  of  Prince  William  county,  and  forms  for  its  entire  length  the  boundary  between  that  county  and' 
Fairfax,  draining  about  212  square  miles.  All  of  these  streams  flow  through  a  hilly  or  rolling  country,  and  have 
gradual  declivities,  with  beds  of  gravel  and  sand,  and  they  offer  little  power.  The  Occoquan,  however,  crosses- 
the  fall-line  just  before  it  reaches  the  town  of  Occoquan,  which  is  the  head  of  tide-water,  and  up  to  which  there 
Ls  a  navigable  depth  of  5  feet  at  low  tide  and  7  feet  at  high  tide.  The  fall  begins  about  3  miles  above  the  head 
of  tide-water,  and  continues  down  to  tide,  the  stream  falling  about  80  feet  in  that  (listauce  "through  bold  and 
extensive  masses  of  gneiss  rock  ".(a)  The  banks  are  quite  abrupt  and  very  rocky  for  a  mile  above  the  head  of  tide- 
water, but  above  that  they  are  in  places  more  favorable  for  canals  and  buildings.  Some  power  at  the  lower  part 
of  the  shoal  is  used  by  a  flour-  and  saw-mill  at  Occoquan,  supplied  by  a  race  half  a  mile  long,  10  to  15  feet  wide,, 
and  2  feet  deep,  one  bank  of  which  is  a  solid  stone  wall  for  a  considerable  distance,  built  up  In  some  places  to  a 
height  of  20  or  30  feet.  At  its  head  is  a  rough  dam,  very  leaky,  and  built  partly  of  brush  and  partly  of  stone  in 
cement — the  latter  being  tight.  The  mill  has  an  available  fall  of  32  feet,  but  uses  only  23,  the  remaining  9  feet  having 
been  at  one  time  used  by  a  cotton  factory,  discharging  its  tail-water  to  the  present  mill.  The  power  used  is  perhaps 
60  horse-power,  but  on  account  of  the  leakage  of  the  dam,  and  interruption  during  about  a  month  in  winter  on 
account  of  ice,  this  can  be  obtained  during  only  ten  months.  By  building  a  tight  dam  the  entire  flow  of  the  stream 
could  be  used  at  Occoquan,  with  a  fall  of  32  feet,  and  by  raising  the  dam  a  still  greater  fall  could  be  rendered 
available.  It  would  be  possible  to  develop  power  above  the  dam,  but  it  would  be  expensive  compared  with  the 
power  to  be  obtained.  About  IJ  mile  above  the  dam  a  second  one  could  be  built,  there  being  apparently 
a  good  site,  where  a  high  dam  could  be  built  without  damaging  land  by  backwater.  In  this  way  a  fall  of  14  or 
15  feet  could  be  used,  and,  by  carrying  a  race  farther  down  stream,  a  much  greater  fall,  but  it  is  not  probable 
that  much  storage-room  could  be  obtained.  The  total  drainage  area  above  tide-water  being  about  573  square  miles,. 
I  have  endeavored  to  estimate  the  available  power  in  the  following  table: 

Estimate  of  flow  and  potcer  of  the  Occoquan  river  at  Occoquan. 

[Note.— Rainfall,  about  42  inches— 12  in  spring,  13  in  scimmer,  9  in  autnmn,  8  in  winter.] 


state  of  flow  (see  pages  8  to  11).      1  °^^°a^^® 

Fall        1  ^lo-^Pf'f 
■""'■           second. 

Horse-power  available,  gross. 

Sq.  miles. 
\         570 

Feet. 
80 

CuUefeet. 

f           •" 
74 

I          510 

I            85 

1  foot  fall.  \23  feetfall. 
6. 5    1              150 
8.4    1              190 
r,x.  3    \          1,  340 

i2  feetfall.  ^  SO  feet  fall. 
210    1             520 
270    j              670 
1,860    ;          4,660 

9.6    '             220                  300     '             770 

i 

i 

o  Report  of  Board  of  Pvhlio  Works  of  Virginia. 


5G3 


46  WATER-POWER  OF  THE  UT!^ITED  STATES. 

As  regards  ti;iiiMi)oitJtioii  by  sea,  ibis  place — at  leasi  the  lower  part  of  the  falls — is  very  conveniently  located, 
as  boats  cat!  load  directly  Irom  the  mili.     The  town  is  2  miles  from  the  Alexandria  and  Fredericksburg  railroad. 

Tor  th<'  next  -0  miles  of  its  course  the  Occoqnau  has  an  average  fall  of  3.39  feet  per  mile,  according  to  an  old 
survey,  and  there  ajc  no  ])owers  worth  uauiiug.  Bull  run  aad  Broad  run  furnish  a  few  small  powers,  but  none  of 
much  iaiportaiice.  Ou  the  latter  stream  there  is  quite  a  fall  at  Thoroughfare  gap,  where  a  mill  uses  a  fall  of  27 
ieet,  but  the  puwer  is  only  20  or  30  horsepower.  It  is  stated  that  in  a  distance  of  a  mile  at  this  place  there  is  a 
fall  of  150  I'eet.     Four  miles  below  there  is  a  woolen-mill,  not  now  in  operation. 

Some  of  the  other  small  tributaries  of  the  i'otomac  iu  this  neighborhood  cross  the  fall-line,  giving  rise  to  quite 
large  fnlls  bat  affording  only  very  small  powers;  and  in  the  neighborhood  of  Alexandria  there  are  several  such 
streams  running  small  grist-mills:  but  there  are  really  no  other  tributaries  from  the  south  side  worth  mentioning, 
east  of  the  Shenandoah.  Goose  creek,  Broad  run,  and  Kittocton  creek  all  supply  small  grist-mills  with  from  1  to  4 
pairs  of  stones,  ar.d  falls  averaging  10  feet  or  thereabout.  But  these  streams,  as  well  as  those  from  the  north  in 
this  vicinity,  are  not  of  much  value  for  water-power,  on  account  of  their  running  so  very  low  in  summer.  They 
are,  moreover,  as  a  rule,  sluggish,  afford  small  facilities  for  storage  without  overflowing  valuable  lands,  and  are 
subject  to  heavy  freshets. 

The  only  stream  from  the  north  worth  mentioning,  east  of  the  Blue  ridge,  is  the  Monocacy  river,  which  has 
its  sources  in  Adams  county,  Pennsylvania,  and  flows  nearly  south,  entering  the  Potomac  at  the  southeast  corner 
of  Frederick  county,  Maryland,  and  draining  an  area  of  about  1,010  square  miles.  It  flows  through  a  hilly  and 
rolling  country,  is  as  a  rule  sluggish,  and  offers  little  power.  The  bed  is  gravel  and  sand,  and  there  are  no  falls 
of  note.  Its  flow,  although  not  so  variable  as  that  of  the  tributaries  farther  west,  is  still  liable  to  considerable 
fluctuations,  and  the  freshets  are  sometimes  of  violence,  the  water  rising  10  or  15  feet  in  places.  The  stream  is 
used  at  several  places  to  run  flour-mills,  but  there  are  only  two  mills  where  the  power  is  large  enough  to  be  mentioned 
specially.  The  lirst  is  about  12  miles  below  Frederick,  at  Greenfield  Mills,  where  a  fall  of  7  feet  is  used  and  about 
108  horsepower.  The  dam  is  of  wood,  450  feet,  long  and  5J  feet  high,  backing  the  water  about  IJ  mile,  and  was 
originally  built  in  1850,  at  a  cost  of  $4,200.  The  head-race  is  100  yards  long.  Full  capacity  can  always  be 
obtained,  and  there  is  always  a  waste  of  water.  The  drainage  area  above  this  x'lace  is  about  1,000  square  miles. 
The  next  power  is  about  6  miles  above,  near  Buckeystowu,  where  a  fall  of  7  or  8  feet  is  used,  with  about  75 
horse-power,  the  dam  being  6  or  7  feet  high.  The  drainage  ai'ea  above  is  about  935  square  miles.  Above  this 
there  are  small  mills  with  falls  of  from  5  to  8  feet,  and  there  are  said  to  be  no  good  sites  not  used.  It  seems 
to  be  evident  that  the  power  of  the  stream  is  of  not  much  importance. 

Some  of  the  tributaries  of  the  Monocacy  seem  to  have  a  greater  fall  and  to  be  more  favorable  for  power  than 
the  main  stream.  Bennett's  creek,  though  not  a  rapid  stream,  runs  several  small  grist-  and  saw-mills.  Bush 
creek  is  similar  in  character,  but  both  of  these  streams  run  very  low  in  summer,  and  some  of  the  mills  use  steam 
part  of  the  time.  Linganore  creek,  draining  77  square  miles,  has  more  fall  than  those  thus  far  mentioned,  and  has 
one  mill  with  a  fall  of  15  feet  and  running  six  pairs  of  stones.  Full  capacity  can  be  secured  during  only  six  months, 
the  average  during  the  rest  of  the  time  being  about  one-half.  The  drainage  area  of  the  Monocacy  above  the  mouth 
of  the  Linganoie  measures  about  800  sqiiare  miles.  Double  Pipe  creek,  the  largest  tributary  of  the  Monocacy, 
drains  264  square  miles,  and  is  formed  by  the  union  of  Big  Pipe  creek  and  Little  Pipe  creek,  which  drain  respectively 
170  and  91  square  miles.  Although  a  very  short  stream,  Double  Pipe  creek  has  one  good  mill  with  a  fall  of  9  feet 
and  about  4  pairs  of  stones,  the  dam  being  8J  feet  high ;  and  on  the  head- waters  of  the  stream  are  many  small  grist- 
and  saw-mills.  Although  mills  might  be  located  at  some  points  by  damming,  the  general  testimony  is  that  there 
are  no  sites  worth  mentioning  on  the  Monocacy  or  any  of  its  tributaries. 

The  next  tributary  of  the  Potomac,  and  the  most  important  one  of  all,  is  the  Shenandoah  river,  which  joins  it 
Just  as  it  passes  through  the  Blue  ridge,  at  Harper's  Ferry,  West  Virginia.  The  Shenandoah  has  its  head-waters 
in  Augusta  and  Rockingham  counties,  Virginia,  and  pursues  a  general  northeasterly  course,  draining  the  northern 
part  of  the  great  Virginia  valley  included  between  the  Blue  ridge  on  the  east  and  the  main  chain  of  the  AUeghanies 
on  the  west.  The  main  stream  is  formed  by  the  union  of  the  North  and  South  forks,  which  unite  near  the  town  of 
Front  Eoyal,  in  Warren  county,  Virginia,  whence  the  stream  flows  through  Clarke  county,  Virginia,  and  Jefferson 
county.  West  Virginia,  the  length  of  its  course,  which  is  very  tortuous,  being  about  54  miles  (38J  in  a  straight  line), 
and  the  total  area  drained  2,850  square  miles.  Of  the  two  forks,  the  South  fork  is  formed  by  the  junction  (at  Port 
Eepublic,  Eockingham  county)  of  the  South  and  Middle  rivers — which  above  their  jnnctio.n  are  mere  mountain 
streams — whence  it  pursues  a  very  tortuous  course  through  Page  and  Warren  counties,  between  the  Blue  ridge 
and  the  Massanutten  mountain,  the  length  of  its  course  being  nearly  96  miles  {52^  in  a  straight  line),  and  its  drainage 
area  1,535  square  miles ;  while  the  North  fork  has  its  head- waters  in  the  northern  part  of  Eockingham  county,  and 
flows  through  Shenandoah  and  AVarren  counties,  between  the  Massanutten  mountain  on  the  east  and  North  mountain 
on  the  west,  its  course  being  also  very  tortuous,  and  its  drainage  area  925  square  miles. 

The  river  is  to  a  certain  extent  navigable,  and  works  have  at  various  times  been  executed  for  improving  it. 
Early  iu  this  century  some  locks  und  canals  were  built  on  the  lower  part  of  the  stream — below  Little's  falls,  which 
arc  6  or  7  miles  above  Harper's  Ferry — while  above  that  point  the  more  important  rapids  and  ledges  were  passed 
by  means  of  sluices.     Surveys  of  the  river  have  been  made  at  various  times  in  the  interest  of  navigation,  all  of 

564 


THE  MIDDLE  ATLANTIC  WATER-SHED. 


47 


■which  are  collected  in  the  report  of  Colonel  Williiim  P.  Craighill,  in  the  Anmcal  Report  of  the  Chief  of  Engineers  for 
1880,  page  661,  to  which  I  am  indebted  for  a  great  part  of  the  following  information  regarding  the  stream. 

The  following  extract  from  the  report  of  Mr.  N.  H.  Hutton,  civil  engineer,  will  serve  to  give  au  idea  of  the 
character  of  the  main  stream  and  the  8outh  fork.    That  of  the  North  fork  may  be  presumed  to  be  similar: 

The  wliole  water-way  from  Port  Eeiiublic  to  flarper's  Ferry,  excej)ting  the  lower  6^  miles,  flows  between  alluvial  bauks,  from  10  to 
25  feet  above  low  water,  and  has  on  either  side,  except  for  short  distances  and  at  wide  intervals,  areas  of  bottom-land  from  a  few  hundred 
feet  in  width  to  several  thousands  of  feet;  the  spurs  from  the  adjacent  mountains  rarely  impinge  directly  on  the  water-way,  and  only 
lor  short  distances.  The  lower  section,  however,  extending  from  the  head  of  Little's  falls  (61  miles)  to  the  moulh,  is  entirely  unlike  the 
upper  portions,  as  here  the  mountains  shut  closely  in  on  either  bank,  the  bottom-land  disappears,  and  the  river  descends  over  a  succession 
of  slate  ledges  with  more  than  double  the  average  fall  per  mile  of  its  whole  length. 

As  is  usual  with  mountain  streams,  the  river  flows  alternately  through  pools  of  comparatively  slack  water,  and  over  ledges  and 
shoals  forming  rapids  and  falls.  As  is  also  usually  found  in  such  cases,  the  pools  are  shorter  and  the  ledges  more  numerous  on  the  upper 
reaches  than  on  the  lower;  on  the  miper  40  miles  of  the  stream  the  pools  rarely  if  ever  exceed  a  mile  in  length,  with  from  2  to  4  feet 
depth  of  water,  while  on  the  remainder  of  the  stream  (to  the  head  of  Little's  falls)  they  frequently  attain  a  length  of  3  or  4  miles  with 
depths  of  from  4  to  7  feet  of  water.  The  depths  over  the  ledges  and  shoals  vary  from  4  or  h  inches  to  8  or  9  in  their  lowest  places,  as 
they  generally,  for  considerable  portions  of  their  length,  are  above  the  plane  of  low  water. 

The  South  branch  commences  with  a  width  of  about  170  feet,  and,  with  many  irregular  contractions  and  expansions  between  1.50  and 
250  feet,  gradually  increases  to  a  width  of  about  350  feet  at  its  junction  with  the  other  branch;  the  main  stream  thence  gradually  widens. 
to  500  or  (iOO  feet  at  its  junction  with  the  Potomac. 

The  whole  fall,  from  Port  Eeiiublic  to  Harper's  Ferry,  as  given  by  Mr.  Herron,  is  793  feet,  or  about  5.4  feet  per  mile.  This  slope, 
however,  is  not  equally  distributed  throughout  the  whole  distance. 

From  Port  Eepublic  to  Amnion's  dam  (7  miles)  the  river  descends  50  feet,  or  over  7  feet  per  mile;  theuce  to  the  forks  at  Front  Eoj  al 
(if  we  except  a  fall  of  17  feet  in  5,000  feet  at  Kemper's)  the  stream  has  for  86  miles  au  average  fall  of  6  feet  per  mile.  From  the  forks  to  the 
head  of  Little's  falls  the  slope  averages,  for  45^  miles,  only  2f  feet  per  mile,  while  from  the  latter  point  to  the  mouth  it  falls  nearly  12^ 
feet  per  mile.  It  will  thus  be  seen  that  the  third  section  counting  from  above,  or  that  extending  from  Front  Eoyal  to  the  head  of  Little's 
falls,  is  the  only  one  on  which  open-river  up-stream  navigation  would  be  practicable  if  the  slope  were  made  uniform  throughout. 

Both  the  South  brauch  and  the  main  stream  below  are  traversed  by  numerous  ledges  of  slate  and  limestone,  the  latter  predominating 
on  the  upper  40  miles  of  South  branch  and  the  slate  below  that  point;  the  stream  is  also,  more  especially  in  the  upper  25  miles,  obstructed 
by  shoals  formed  by  loose  rock  or  bowlders  brought  down  by  the  freshets. 

The  whole  number  of  ledges  noted  above  Little's  falls  was  about  700,  and  the  total  length  of  the  bowlder  and  gravel  shoals  in  the 
same  distance  was  estimated  at  about  17,000  feet.  Between  the  head  and  Mallon's  iron-works  (22  miles)  the  ledges  average  9  per  mile, 
and  the  bowlder  and  gravel  bars  aggregated  10,000  feet,  or  over  450  feet  per  mile;  between  the  iron-works  and  Front  Eoyal  (junction  of 
North  branch)  the  ledges  averaged  5  per  mile,  and  below  that  to  head  of  Little's  falls  they  averaged  a  little  over  3  per  mile;  the  bowlder 
and  gravel  shoals  on  both  sections  averaging  about  56  linear  feet  per  mile.  Below  Little's  falls  the  river  is  almost  one  continuous 
succession  of  ledges,  over  whifb  navij:ation  has  never  been  attempted  except  by  the  aid  of  the  locks,  sluice.=,  <nud  canal  of  the  Shenandoah 
Navigation  Company.  Aside  Iroiii  this  lower  reach,  none  of  the  ledges  form  falls  of  any  magnitude,  e:;cept  at  Kemper's  falls,  where  the 
river  runs  close  under  the  mountain  cliffs,  and  falls  17  feet  in  5,000  feet  over  a  succession  of  limestone  ledges. 

As  might  be  expected  from  its  narrow,  steep,  and  rooky  water-shed,  the  river  is  said  to  be  subject  to  frequent  and  rapidly-rising 
freshets.  No  exact  data  were  attainable  as  to  their  usual  and  ordinary  heights,  but  they  do  not  seem  to  have  generally  exceeded  7  to  12 
feet  above  low  water  except  on  such  extraordinary  occasions  as  that  of  the  autnmn  of  1870  and  1877,  when  it  rose  from  25  to  30  feet  in  a 
few  hours.  Their  effects  can  not  generally,  however,  be  very  severe  on  the  river  bed  and  banks  along  the  upper  portions,  for  the  general! 
configuration  of  the  river  and  the  extent  and  shape  of  low  points  and  islands  were  nearly  the  same  during  this  reconnaissance  as  we're 
indicated  in  the  topographical  notes  of  Mr.  Herron's  survey  in  1832. 

The  absence  of  lakes  in  the  drainage  basin  increases  the  violence  of  the  floods,  and  were  the  fall  of  the  stream 
not  so  large  the  water  would  rise  to  much  greater  heights.  It  is  said,  however,  to  have  risen  over  40  feet  at  the 
junction  of  tlie  North  and  South  forks  in  the  freshet  of  1870.  Ice-jams  are  said  to  occur  sometimes,  but  they  are 
of  course  not  so  dangerous  as  on  the  streams  farther  north.  The  rainfall  over  the  basin  averages  about  40  inches — 
12  in  spring,  12  in  summer,  8  in  autumn,  and  8  in  winter.  The  gauging  in  the  table  on  page  9  is  given  by  Mr. 
Herron.(«) 

The  elevations  above  tide  of  some  points  on  the  stream  are  given  in  the  following  table : 


Slope  of  the  Shenandoah  river. 


Locality. 

DJBtance 

from 
mouth. 

Elevation 
above 
tide. 

Distance 

between 
points. 

Fall 
between 
points. 

Fall 

per  mile 

between 

points. 

Harper's  Ferry,  junction  with  Potomac 

Bull's  falls 

Miles. 
0.0 

2.5 

8.0 

18.0 

31.0 

54.0 

150.0 

Feet. 
242 

286 

326 

360 

400 

453 

1,039 

MiUs. 

]       2.5 
1       5.5 
j     10.0 
1     13.0 
23.0 
\     96.0 

Feet. 

44 
40 
34 
40 
53 
586 

Feet. 

17.6 
7.3 
3.4 
3.1 
2.8 
6.1 
i 

Berry's  ferr'\'      

Conflnenco  of  Nortli  and  South  forks  (&)  ... 

a  Seventeenth  Be/port  of  the  Board  of  Pnhlir  Worlcs  of  Virginia.      h  Profiles  of  the  Shenandoah  VaUey  railroad  give  this  elevation  as  445  feet. 
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Uotil  recently  the  main  stream  and  the  South  branch  have  not  been  very  accessible,  except  for  a  few  miles 
above  Harper's  Ferry,  being  removed  on  the  average  about  10  or  12  miles  from  the  Baltimore  and  Ohio  railroad 
(Valley  brancli),  which  follows  the  North  branch.  By  the  construction  of  the  Shenandoah  Valley  railroad,  however, 
almost  every  point  of  the  stream  is  brought  within  easy  reach. 

The  large  fall  of  the  river  is  sufflcient  evidence  that  it  affords  a  very  large  amount  of  power  theoretically  available. 
Very  little,  however,  is  utilized,  as  the  table  on  pages  52  to  54  will  show.  With  a  few  exceptions,  which  will  be 
indicated,  the  rapids  and  falls  referred  to  in  the  extract  from  Mr.  Hutton's  report,  though  numerous,  have  but  small 
fall ;  so  that,  although  mills  might  be  located  at  many  of  them,  the  falls  available  would  be  small  (probably  not  over 
5  to  8  feet,  as  a  rule),  and  it  would  generally  be  necessary  to  build  dams.  At  a  number  of  these  sites  mills  were 
located  15  or  20  years  ago;  but  the  freshets  of  1870  and  1877  proved  so  destructive,  and  carried  away  so  many 
-dams,  that  people  have  been  deterred  from  utilizing  power  on  the  river  in  later  years.  The  old  dams,  however,  were 
generally  built  of  logs  and  brush,  and  were  for  the  most  part  leaky  and  unsubstantial;  and  considering  the  good 
foundation  which  can  generally  be  obtained,  there  seems  to  be  no  reason  why  there  should  be  difficulty  in  building 
dams  strong  enough  to  withstand  any  freshet  to  which  they  might  be  subjected. 

The  following  are  the  principal  powers  met  with  as  the  river  is  ascended: 

The  principal  fall  on  the  stream  occurs  in  the  lower  8  miles  of  its  course,  according  to  the  above  table.  This 
fall  was  overcoine  by  the  navigation  company  by  means  of  a  series  of  locks,  canals,  and  sluices,  which  are  described 
by  Mr.  Hutton  as  follows : 

For  a  great  many  years  anterior  to  the  civil  war,  a  system  of  down-stream  navigation,  per  flat-boats,  was  maintained  throughout  the 
main  stream*  and  South  branch,  the  works  above  Little's  falls  consisting  of  low  wing-dams  and  sluices,  and,  below  that,  of  a  system  of  locks 
-and  canal  combined  with  sluices  and  open-river  navigation.  No  attempt  appears  ever  to  have  been  made  to  establish  an  up-stream 
navigation,  unless  possibly  on  the  lower  reach,  where  remains  of  a  towing-path  still  exist ;  though,  with  a  fall  in  the  water-way,  outside 
the  looks,  of  nearly  7  feet  per  mile,  it  may  well  have  been  called  an  uphill  business. 

The  navigation  works  between  the  liead  of  Little's  falls  and  the  mouth  of  the  river,  commencing  at  the  head  of  Little's  falls, 
consisted  of:  1.  A  lock  of  6  feet  lift ;  2.  A  sluice  2,000  feet  long,  falling  5  feet;  3.  Open  river  for  4,000  feet,  falling  8  feet;  4.  A  sluice 
and  mill-race  1,800  feet  long,  falling  1  foot ;  5.  A  lock  of  10  feet  lift ;  6.  Open  rivet  for  3f  miles,  falling  15  feet  to  the  foot  of  Bull's  falls; 
7.  A  canal  behind  Virginius  island,  9,200  feet  long  and  about  30  feet  wide,  with  a  single  look  of  5  feet  lift  and  a  double  lock  of  15  feet  lift, 
leaving  16  feet  of  fall  to  be  passed  over  outside  of  the  locks. 

All  traces  of  the  works  above  this  section  have  disappeared,  and  the  works,  as  above  named,  are  in  a  dilapidated  condition,  no 
attempt  having  being  made  .to  use  them  since  the  freshet  of  1877. 

The  lock  at  Little's  falls  is  a  comparatively  recent  one,  built  to  replace  an  old  one  washed  out,  and  is  so  badly  built  that  it  is  not  worth 
repairing.  The  other  locks  are  the  original  ones  put  in  by  the  old  navigation  company,  and  are  fairly  oonstrnoted.  One  of  them  needs  a 
new  wall,  and  they  all  need  new  gates,  cleaning  out  of  sand,  dSbria,  etc.     They  are  all  90  by  12  feet  in  the  chamber. 

The  training-wall  at  Little's  falls,  originally  built  of  small  slabs  of  slate  laid  dry,  has  almost  entirely  disappeared. 

The  canal  and  raill-race  at  Snyder's  mill,  as  well  as  the  main  canal  below,  require  cleaning  out  of  the  dihris,  and  possibly  the  removal 
■of  some  projecting  points  of  ledges. 

I  have  endeavored  to  estimate  the  available  power  at  this  place  in  the  following  table : 
Estimate  of  flow  and  'power  of  the  Shenandoah  river  at  Harper's  Ferry. 


state  of  flow,  (see  pages  8  to  11) . 

Drainage 
area. 

rail. 

Mow  per 
second. 

Horse-power  available,  gross. 

Sq.  miles. 
[      2, 800 

Feet. 
84  .j 

Cubic  feet. 

280 

476 

2,520 

540 

Ifootfatt. 

31.8 

54.1 

286.3 

61.3 

U  feet  fall. 

450 

750 

4,000 

860 

20  feet  fall. 

635 

1,080 

5,725 

1,225 

Bifeetfall 

2,670 

4,540 

24,  000 

5,150 

Maximum  with  storac'e     

As  regards  the  utilization  of  this  power,  bed  and  banks  are  favorable  to  the  construction  of  dams,  but  space  for 
•canals  and  buildings  is  sometimes  limited.  Nevertheless  a  large  amount  of  power  could  be  developed  if  necessary 
and  without  great  trouble.  It  is  said  that  at  Little's  falls  a  fall  of  nearly  20  feet  could  be  utilized ;  and  just  below 
■the  second  lock,  coming  down,  there  is  a  mill,  taking  its  water  from  the  old  canal,  just  above  the  lock,  and  using  a 
fall  of  about  14  feet.  Just  above  the  canal  leading  behind  Virginius  island  there  is  a  mill,  not  now  in  operation,  with 
a  fall  of  6  feet;  and  on  Virginius  island  was  formerly  located  the  government  rifle  factory,  taking  water  from  the 
canal  behind  the  island,  above  the  double  locks,  with  15  feet  lift,  and  discharging  it  across  the  island  into  the  river 
with  a  fall  of  14  feet.  By  building  a  dam  at  the  head  of  the  island  and  turning  the  water  into  the  old  canal,  this 
fall  could  be  used  without  difSculty,  and  with  considerable  building-room  on  the  island;  and  a  much  greater  fall 
than  14  feet  could  be  used,  if  necessary,  depending  on  the  height  of  the  dam.  At  Bull's  falls,  although  the  descent  is 
considerable,  there  are  no  facilities  for  races  and  buildings.  Finally,  below  the  point  where  the  water  was  discharged 
from  the  rifle  factory  there  is  a  fall  of  about  16  feet  to  the  Potomac,  about  14  of  which  is  easily  a-\'ailable,  and  is 
used  at  present  by  a  flour-mill,  with  a  wooden  dam  400  feet  long  and  4  feet  high,  and  a  race  of  two  or  three  hundred 
yards.    The  power  used  is  perhaps  125  horse-power,'and  there  is  no  trouble  with  want  of  water,  although  sometimes 

the  machinery  is  stopped  in  freshets.    It  is  said  that  the  river  has  risen  25  feet  at  this  place. 
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The  power  above  described  is  worthy  of  notice.  Facilities  for  transportation  are  excellent,  and  building- 
materials  can  be  obtained  in  tlu"  immediate  neighborhcod. 

Between  Little's  falls  and  the  forks  of  the  river  there  are  no  sites  of  importance  and  no  tributaries  worth 
mentioning.  There  were  formeriy  a  few  small  gristmills  on  the  main  stream,  witli  falls  of  5  or  6  feet,  but  some  of 
the  dams  were  carried  away  in  1870  and  have  not  been  rebuilt. 

On  the  South  fork  there  is  a  flour-mill  just  above  the  junction  with  the  North  fork,  using  a  fall  of  about  7  feet 
and  60  horse-power,  with  a  wooden  datn  400  feet  long  and  6  feet  high.  This  is  the  best  dam  on  the  stream,  Ihe 
others  being  generally  of  brush.  I  sliould  estimate  the  flow  of  the  stream  at  this  place,  in  cubic  feet  per  second  j^er 
square  mile,  at  about  the  same  as  for  Haii^er's  Ferry,  for  which  see  table  above 

A  mile  or  two  above  this  mill  there  is  a  site  once  occupied,  with  a  fall  of  5  or  6  feet,  and  there  are  many  similar 
•ones  farther  up.  Except  at  Kemper's  falls,  liowc\er— wlieie  the  descent  is  17  feet  in  5,000— the  falls  are  all  small, 
and  there  are  no  mills  on  the  stream  with  falls  of  over  9  feet.  The  quotations  previously  given  render  further 
remarks  here  unnecessary.  There  is  doubtless  a  large  amount  of  available  power  on  the  river,  the  principal  trouble 
being  due  to  the  freshets,  and  this  by  no  means  serious. 

Some  of  the  tributaries  of  the  South  fork  below  the  junction  of  the  South  and  Middle  rivers  have  rapid  falls 
iind  offer  some  power,  but  they  are  all  small  streams  and  subject  to  considerable  variation  in  flow.  South  river,  which 
drains  257  square  miles,  has  for  some  distance  the  same  general  character  as  the  main  stream,  but  is  utilized  more 
extensively  for  power.  Its  fall  between  Waynesborough  and  its  mouth  (at  Port  Eepublic),  a  distance  of  somewhere 
near  25  miles,  is  220  feet,  its  elevation  above  tide  at  the  former  place  being  1,259  feet.  The  upper  part  of  the  valley 
of  the  Shenandoah,  and  especially  that  part  drained  by  the  head-waters  of  the  South  fork,  is,  as  already  remarked, 
a  limestone  region.  The  streams  here  are  generally  fed  by  many  bold  and  constant  springs,  and  their  flow  is  much 
more  uniform  than  in  the  lower  part  of  the  basin;  and  this,  together  with  the  fact  that  the  mills  are  small,  will 
serve  to  explain  why  they  are  so  much  more  extensively  utilized  than  the  main  stream.  The  mills  in  the  vicinity 
are  uniformly  grist-mills,  with  falls  of  from  5  to  10  feet,  and,  as  a  rule,  2  or  3  runs  of  stones.  With  few  exceptions, 
most  of  the  good  sites  in  this  vicinity  are  said  to  be  occupied,  there  being  mills  on  the  main  streams  at  intervals  of 
a  few  miles.  :Middle  river,  which  unites  with  South  river,  drains  770  square  miles;  but  just  above  Port  Eepublic  it 
receives  as  an  important  tributary  Xorth  river,  draining  344  square  miles,  leaving  about  425  square  miles  for  the 
drainage  area  of  Middle  river  above  the  junction.  Both  of  these  streams  are  fed  by  numerous  springs,  and  are 
utilized  to  a  considerable  extent  by  grist-,  flour  ,  and  saw-mills,  especially  North  river.  The  only  freshets  which  are 
spoken  of  as  having  done  any  damage  in  this  region  are  those  of  1870  and  1877.  The  ordinary  rise  of  the  rivers  in 
freshets  in  this  neighborhood  is  from  2  to  6  feet,  but  in  1870  they  rose  in  places  20  feet.  The  mills  on  these  streams 
have,  like  those  on  South  river,  from  2  to  4  pairs  of  stones,  which  they  can  generally  run  all  the  time,  with  falls  of 
from  5  to  10  feet.(a:)  North  river  is  especially  well  utilized,  having  no  fewer  than  17  mills  of  various  kinds,  including 
the  woolen  mill  of  the  Bridgewater  Manufacturing  Company,  which  uses  a  fall  of  10  feet  and  20  or  30  horse-power. 
Some  very  small  tributaries,  like  Cook's  creek  and  Mossy  creek,  heading  in  springs,  run  small  mills.  The  fall  from 
Port  Eepublic  to  Mount  Crawford,  on  North  river,  a  distance  of  16.35  miles,  is  92.64  feet,  or  at  the  rate  of  5.67  feet 
per  mile.(ft) 

Perhaps  the  most  prominent  unimproved  power  in  this  neighborhood  is  one  situated  on  Middle  river  (c)  at 
Port  Eepublic,  just  abo.ve  where  it  joins  the  South  river,  although  the  fall  is  small.  It  is  said  that  a  dam  6 J  teet 
high  could  be  erected — the  bed  of  the  stream  being  solid  limestone,  and  very  favorable  for  its  construction — giving 
an  available  fall  of  8  feet,  with  banks  favorable  to  the  utilization  of  the  power,  and  high  enough  to  be  perfectly  safe 
in  times  of  freshet.  The  width  of  the  stream  is  about  350  feet,  the  drainage  area  being  about  770  square  miles. 
I  should  estimate  the  power  about  as  follows : 


state  of  flow,  (see  pages  8  to  11). 

Drainage 

area. 

FaU. 

Flow  per 
second. 

Horse-power  available, 
gross. 

Eemarks. 

■VriniTmiTD 

Sq.  miles. 
^          770 

Feet. 

Cubiefeet. 
110 
131 
680 
150 

1  foot  fail. 
12.5 
14.9 
77.3 
17.0 

S  feet  fall. 
100 
120 
620 
135 

Flow  more  con- 

1     stant  than  on 

[     lower  parts  of 

Shenandoah. 

Low  season,  dry  years 

The  powers  given  in  the  table  could  be  increased  to  some  extent  during  twelve  hours  by  drawing  down  the 
water  in  the  pond.     This  site  is  owned  by  Mr.  John  W.  Palmer,  of  Port  Eepublic. 

a  My  acknowledgments  and  thanks  are  especially  due  to  Edward  S.  Kemper,  esq.,  county  surveyor  of  Rockingham  county,  and  to 

G.  W.  Berlin,  esq.,  of  Harrisonburg,  for  detailed  and  valuable  information  regarding  this  part  of  the  st^te. 

I)  Annual  Beport  of  the  Chief  of  Engineers,  1880,  p.  075. 

f-  There  seems  to  be  a  little  uncertainty  regarding  the  names  of  these  streams,  some  considering  North  river  a  tributary  of  Middle 

river,  and  others  considering  the  former  the  main  stream. 
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There  is  another  site  at  Port  Eepublio,  on  South  river,  where,  with  a  dam  4|  feet  high  and  a  race  of  250  yards^ 
a  fall  of  11  feet  is  said  to  be  available.  But,  as  the  stream  is  only  about  one-third  as  large  as  Middle  river,  the  power 
is  small ;  before  the  war  it  was  utilized.     Both  of  these  sites  are  very  favorably  located  as  regards  tfansportation. 

Finally,  there  is  a  third  site,  not  used,  about  2  miles  above  Port  Eepublic,  on  North  river,  at  Scott's  ford.  A 
fall  of  6  feet  was  once  used,  with  a  dam  5  feet  high,  but  in  1870  all  of  the  buildings  were  carried  away  by  the  flood.. 

The  North  fork  of  the  Shenandoah  is  similar  in  general  character  to  the  South  fork,  and  its  water-power  is 
used  only  to  run  small  grist-  and  saw-mills.  Its  fall,  from  the  turnpike  near  Strasburg  to  the  junction  with  the 
South  fork,  a  distance  of  13.32  miles,  is  52.36  feet,  or  nearly  4  feet  per  mile.  The  following  extract  from  the  report 
of  James  Herron,  reprinted  in  the  Annual  Eeport  of  the  Chief  of  Engineers  for  1880,  page  668,  will  give  an  idea  of 
the  stream : 

From  the  forks  tlie  survey  took  up  the  North  fork,  through  good  bottom-lands,  with  but  one  short  bluff  before  reaching  Cedar  creek. 
Above  this  the  river  seems  to  have  cut  through  a  spur  of  the  Three-top  mountain,  round  the  base  of  which  it  winds,  forming  a  good  bottom 
in  the  bend.  The  valley-side,  however,  which  was  occupied  by  our  survey,  consists  of  high  and  steep  slate  rocks,  forming  a  deep  crescent 
of  a  mile  and  a  half  in  extent,  against  which  the  river  impinges  with  great  violence  in  times  of  freshets;  beyond  this,  very  good  bottoms 
continue  to  some  distance  above  Strasburg. 

From  near  Strasburg  to  the  mouth  of  Stony  creek  the  North  fork  is  extremely  crooked,  so  much  so  indeed  that  no  adequate  idea 
of  it  can  be  conveyed.  The  tongues  of  land  that  form  its  numerous  bends  consist  alternately  of  the  high  slate  spurs  from  the  Fort 
mountain,  interlocked  with  equally  high  limestone  ridges  of  the  valley.  There  are  29  of  these  tongues,  each  one  of  which  forms  one  or 
more  small  but  highly-cultivated  farms,  in  a  distance  of  about  20  miles.  The  distance  to  the  mouth  of  Stony  creek,  by  the  survey,  is  42 
miles  43.0.3  chains,  showiiig  an  increase  of  distance  amounting  to  22^  miles ;  the  course  of  the  stream  is  still  longer,  for  the  survey  cut  oflT 
the  bottoms  in  the  bends. 

The  level  of  the  river  at  the  mouth  of  Stony  creek  was  ascertained  to  be  515.53  feet  aljpve  the  Potomac,  757.96  feet  above  tide,  and 
consequently  256  feet  above  its  surface  near  Strasburg,  which  is  at  the  rate  of  6  feet  to  the  mile ;  and  did  it  run  in  a  straight  line  it  would 
be  12.8  feet.  The  latter  is  the  general  fall  of  the  country,  and  has  been  found  to  bold  with  regard  to  the  ridges  and  streams  crossed  by 
the  line  I  have  selected  for  a  railroad,  though  remote  from  the  river,  the  latter  being  left  at  Stony  creek. 

The  mills  on  the  stream  are  small,  as  will  be  seen  by  referring  to  the  table  of  utilized  power  below.  The  dams 
are  generally  of  wood  or  brush,  and  the  mills  have  2  or  3  pairs  of  stones,  but,  on  account  of  leakage,  are  not  able  to 
run  them  all  the  year.  The  flow  of  the  stream  is  quite  variable,  although  some  of  its  tributaries,  especially  in  the 
upper  part  of  the  valley,  are  constant.  The  discharge  at  the  mouth  may  be  estimated  at  about  130  cubic  feet  per 
second  when  at  its  minimum,  and  about  180  cubic  feet  during  the  low  season  of  dry  years.  The  drainage  area  above 
Woodstock  is  about  618  square  miles,  and  above  Mount  Jackson,  425.  The  rainfall  is  about  the  same  as  already 
given  for  the  South  fork. 

The  next  tributary  of  the  Potomac  worthy  of  mention  is  the  Antietam  river,  which  has  its  sources  in  Franklin 
county,  Pennsylvania,  and  flows  nearly  south  through  a  distance  of  about  30  miles  in  a  straight  line,  emptying  int» 
the  Potomac  in  Washington  county,  Maryland,  after  draining  an  area  of  about  340  square  miles.  It  drains  a  rolling 
and  fertile  country,  but  its  declivity  is  uniform  and  uninterrupted  by  falls  and  rapids.  It  is  utilized  to  a  considerable 
extent,  together  with  its  tributaries,  to  run  principally  grist-,  flour-,  and  paper-mills,  and  there  are  said  to  be  no 
sites  of  importance  unimproved,  though  some  of  the  improved  powers  areat  present  idle.  The  flow  of  the  stream 
is  very  variable,  the  freshets  sudden  and  quite  violent,  and  the  powers  small,  as  a  rule.  The  drainage  area  above 
Funkstown  is  about  200,  and  above  Hagerstown  about  190  square  miles. 

Conococheague  creek,  which  rises  in  Adams  and  Franklin  counties,  Pennsylvania,  and  pursues  a  general  course 
parallel  to  that  of  the  Antietam,  joining  the  Potomac  near  Williamsport,  in  Washington  county,  Maryland,  and 
draining  an  area  of  about  500  square  miles,  is  the  next  tributary  of  importance.  It  resembles  the  Antietam  in  all 
essential  respects,  and,  like  it,  is  utilized  for  grist-  and  paper-mills,  none  of  which  are  very  large.  Further  particulars 
regarding  the  water-power  of  the  stream  could  not  be  obtained  with  the  time  at  disposal. 

The  remaining  tributaries  of  the  Potomac  below  the  junction  of  the  two  forks  are  similar  in  their  general 
characteristics,  and  drain  the  narrow  longitudinal  valleys  between  the  ridges  through  which  the  Potomac  breaks 

in  this  part  of  its  course.    Their  fall  does  not  seem  to  be  great,  and  their  power  is  unimportant.    Their  tributaries 

secondary  tributaries  of  the  Potomac — often  have,  it  is  true,  large  falls,  descending  as  they  do  from  the  ridges  t'> 
the  narrow  valleys,  but  they  are  so  small  that  they  run  nearly  dry  in  summer.  These  streams  have  in  some  cases 
rocky  beds,  and  rock  is  always  found  at  a  small  depth ;  but  their  declivities,  at  least  those  of  the  primary  tributaries 
of  the  Potomac,  are  on  the  whole  uniform.  The  table  of  utilized  power  on  pages  52  to  54  will  show  that  they  are  used 
to  some  extent  for  power ;  but  they  are  quite  variable  in  flow,  some  of  them  being  subject  to  quite  heavy  freshets, 
and  their  water-power  may  be  said  to  be  of  little  importance.  The  table  on  page  40  gives  the  drainage  areas  of 
some  of  these  streams. 

The  following  approximate  elevations  above  tide  are  given  by  Ohauncey  Ives,  esq.,  assistant  engineer  of  the 
Cumberland  Valley  railroad : 

Feet. 

East  branch  of  Conococheague  creek  at  Scotland,  Pennsylvania,  crossing  of  Cumberland  Valley  railroad 656 

Falling  Spring  creek  at  Cbambersburg,  Pennsylvania,  crossing  of  Cumberland  Valley  railroad 608 

East  branch  of  Conococheague  creek  at  lower  crossing  of  Cumberland  Valley  railroad -173 

Buck  Creek  crossing  of  Cumberland  VjiUey  railroad 456 

West  Branch  of  Conococheague  Creek  crossing  of  Cumberland  Valley  railroad 500 

Potomac  River  crossing  of  Cumberland  Valley  railroad 316 
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These  elevations  are  referred  to  high  tide  iu  the  Schuylkill  river  at  Philadelphia. 

It  ouly  remains  to  say  a  few  words  regarding  the  North  and  South  forks  of  the  Potomac. 

The  North  fork  takes  its  rise  in  Grant  county,  West  Virginia,  nearly  on  the  line  between  West  Virginia  and 
Maryland,  and  for  nearly  its  whole  length  forms  the  dividing  line  between  those  two  states,  pursuing  a  general 
course  about  60  miles  in  length,  and  draining  a  mountainous  area  of  about  1,300  square  miles.  The  table  on  i.age 
9  shows  that  its  maximum  discharge  at  Cumberland  is  over  700  times  its  minimum,  a  ratio  which  is  exceedingly 
large  for  a  stream  draining  such  a  large  area  ( 684  square  miles  without  Wills  creek)  and  which  finds  its  explanation 
iu  the  a.bsence  of  lakes,  the  steepness  of  the  mountain  slopes,  and  the  narrowness  of  the  valleys,  all  characteristics 
which  seem  especially  pronounced  in  this  case.  These  great  fluctuations  in  flow,  however,  are  fatal  to  the  extensive 
use  of  water-power  on  the  stream.  Reference  to  the  table  on  page  9  shows  that  the  minimum  flow  of  the  stream  at 
Cumberland  is  about  25  cubic  feet  per  second,  or  not  enough  to  supply  the  canal,  which  terminates  at  this  point; 
so  that  although  there  is  a  "canal  dam  there  (dam  No.  8)  400  feet  long  and  8  feet  high  above  low  water,  built  of 
masonry,  and  with  favorable  sites  for  utilization  of  power,  at  some  seasons  no  power  could  be  obtained.  The  fall 
of  the  stream  both  above  and  below  Cumberland  is  large,  and  the  facilities  for  dams  excellent,  but  its  water-power 
is  practically  valueless. 

Some  of  the  tributaries  of  the  North  fork  partake  of  its  general  characteristics,  while  others  are  said  to  be 
quite  constant  in  flow,  and  to  be  fed  by  perennial  springs ;  but  all  of  them  are  comparatively  small,  and  although 
their  fall  is  often  rapid,  their  power  is  still,  on  the  whole,  of  no  importance.  The  principal  of  these  streams  are 
Patterson's  creek,  which  rises  in  Grant  county,  West  Virginia,  and  flows  northeast  into  Mineral  county,  draining 
an  area  of  about  225  square  miles,  and  Wills  creek,  which  enters  at  Cumberland  from  the  north,  draining  about 
235  square  miles,  in  Pennsylvania  and  Maryland;  but  no  details  could  be  obtained  regarding  them. 

The  South  fork  of  the  Potomac  has  its  sources  iu  Highland  countj',  Virginia,  and  Pendleton  county.  West 
Virginia,  near  the  head-waters  of  the  James.  Below  the  junction  of  the  numerous  forks  which  go  to  form  the 
stream,  and  which  pursue  almost  parallel  courses  through  narrow  valleys,  it  flows  in  a  northeasterly  direction 
through  a  narrow  and  fertile  valley,  draining  a  total  area  of  1,580  square  miles.  The  drainage  basin  is  thinly 
settled,  and  very  inaccessible,  not  being  traversed  by  a  single  railroad.  The  bed  of  the  stream  is  mostly  coarse 
gravel,  and  the  banks  are  of  loose  sediment,  and,  on  account  of  the  sudden  and  local  swells  to  which  the  river  is 
subject,  the  channel  is  in  a  continual  state  of  change.  The  facilities  for  dams  are  not  very  good,  for  they  are  liable 
to  be  undermined,  and  require  extensive  aprons.  The  fall  of  the  stream  is  gradual,  and  varies  from  7  to  8 
feet  per  mile  on  the  upper  part  (above  Mooretield,  about  54  miles  from  its  mouth,  measured  along  its  course)  to  4 
feet  per  mile  near  the  mouth.  At  no  places  are  there  concentrated  falls  of  any  magnitude,  though  in  one  place, 
about  20  miles  below  Moorefield,  a  rift  is  mentioned  having  a  fall  of  6  feet  and  over  iu  275  yards.  The  following 
table  gives  the  elevations  of  four  points  ou  the  stream  :(a) 

Slope  of  the  South  fork  of  the  Potomac  river. 


Locality. 

Distance 

from 
month. 

Elevation 
above 
mouth. 

Distance 
between 
points. 

FaU 

between 

points. 

Fall 
per  mile 
between 
points. 

Month 

Miles. 
0.0 

29.6 

53.6 

65.6 

Feet. 
0 

127 

278 

375 

Miles. 

^     29.6 
1     24.0 
j     12.0 

Feet. 

127 

151 

97 

Feet 

4.3 
6.3 
8.1 

Opposite  Eomney 

Very  little  definite  information  could  be  obtained  regarding  the  water-power  of  the  stream ;  but  as  regards  that 
which  is  utilized  the  table  on  pages  62  to  54  shows  that  it  is  very  small  in  amount.  There  are  probably  numerous  sites 
where  power  could  be  developed  by  damming,  but  no  particular  ones  can  be  mentioned.  No  information  regarding 
the  flow  of  the  stream  could  be  obtained,  but  the  freshets  are  said  to  rise  from  9  to  15  feet,  and  the  flow  is  no  doubt 
very  variable,  like  that  of  the  North  branch. 

The  following  table  gives  the  drainage  areas  of  the  South  branch  and  some  of  its  tributaries : 

Square  miles. 

South  branch  at  mouth 1,580 

South  branch  at  Eomney 1,484 

South  branch  below  junction  of  forks 1,264 

South  fork  of  South  branch  at  mouth 361 

North  fork  of  South  branch  at  mouth 903 

Middle  fork  of  South  branch  at  mouth 306 

North  fork  of  South  branch  above  mouth  of  Middle  fork - 346 

a  Eighth  Beport  of  the  Board  of  Public  Works  of  Virginia,  1823. 
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Table  of  utilized  power  on  the  Potomac  river  and  tributaries. 


stream. 


Tributary  to  what 


State. 


Connty. 


Kind  of  mill  or  mann- 
factnre. 


■g 

H 


I 
o 

o 


Fotpmao  river . 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Bo 

Do. 

Do. 

Do. 

Do. 

JDo. 

Do. 

Do. 

Do. 

Do. 

•Do. 

IDo. 

.Do. 

Do. 

Do. 

Do. 

-Do. 

Do. 

Do. 

Do. 

Do. 

Do.. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do 


...do 

..do 

...do 

...do  

...do  

...do ,. 

..do 

...do 

...do 

...do 

...do 

Potomac  river . 
...do 


.do. 

do. 

do. 
.do. 

do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

do- 
.do. 
.do. 
.do. 
.do. 
..do. 

do. 
.do. 
.do. 

do. 
.do. 
.do. 
.do. 
..do. 
.do. 
.do. 

do. 

do. 
.do. 
.do  . 
.do. 
.do. 
.do. 

do. 
.do. 
.do. 

do. 

do. 

do. 


District  of  Golninbia(a) 

...do  

...do  

...do 

Maryland 

...do 

—  do 

...do 

•-.  do 

...do 

...do 

West  Virginia 

Virginia 

...do 


Frederick 

"Washington  . 
...do 


.do. 

do. 
.do. 

do. 
.do  . 
.do. 
.do. 

do. 
.do. 

do. 
.do  . 

do. 
.do. 


...do  

...do 

..  do 

..do 

Jefferson 

Northumberiand . 

...do 

Westmoreland 

King  George..' 

Stafford 

¥auquier 

..do 

Prince  'William  . . 

...do 

Fairfax 

...do 

...do 

Loudoun 

...do  

...do 


do 

do 

do 

do 

.do do do 

.do do Garrett '. 

.do do do 

.do do do 

..do do Alleghany 

.do do do 

do — do do 

.do West  Virginia Jefferson 

a.  Power  returned  by  enumerator  in  District  of  Columbia  is  as  follows— Paper :  1  mill,  30  feet  fall,  95  horse 
horse  power  used,  net.    Flour  and  grist:  6  mills,  30  to  40  feet  fall  at  each ;  638  horse.power  used,  net. 
h  Supplied  with  power  from  the  canal. 
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District  of  Columbia. 

Maryland 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

.„.do 

....do.. 

...do.. 

...do 

...do  

...do 

...do 

do 

...do 

...do 

...do 

....do 

....do 

...do  

...do 

...do  

...do 

....do 

...do 

....do  

....do 

....do  

...do 

...do  

West  Virginia 


Saint  Mary's. . . 

...do 

Charles 

.,..dp 

Prince  George  . 
Montgomery... 

...do...., 

Frederick 

...do 


...do 

...do  

...do '. 

...do  

Carroll 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

Washington  . 
....do 


Paper  (b) 

Corn  (6) 

Fertilizers  (6) 

Floar(6) 

Flour  and  fertilizers (b) ... 

Flotir(6) 

Saw  (6) 

Sumac  (&) 

Carpentering  (6) 

Grist  (6) 

Cement{&) 

do 

Flour  and  grist 5 

Saw J 3 

Flour  and  grist 3 

..do 4 

..  do 2 

...do 8 

Plaster 1 

Flour  and  grist ^7 

Saw 2 

...do 2 

Sumac 1 

Flour  and  grist 6 

...do 32 

Saw 4 

Woolen 2 

Flour  and.  grist 3 

...do 7 

Saw 2 

...do 1 

Flour  and  grist 7 

...do 8 

...do 21 

Saw 2 

...do 17 

Blast-furnace I 

Leather 1 

Machinery 1 

Woolen 3 

Flour  and  grist 84 

do 29 

Saw 20 

Agiicnltnral  implements  .         1 

Woolen 2 

Blacksmithing 1 

Cheese  and  butter l 

Fertilizers .• 1 

Iron  foundery 1 

Flour  and  grist 61 

Saw 12 

Fertilizers 1 

Agricultural  implements  .         2 

Blftst-fumaces o2 

Furniture 1 

Paper i 

Flour  and  grist 4 

Saw 3 

Woolen 1 

Saw 2 

Flour  and  grist 13 

Printing 1 

Flourandgrist 12 

■power  used,  net.    Fertilizers :  1  mill, 

■;  One  not  in  operation. 


Feet; 

84i 

344 

34} 

172 

6 

17 

16 

25 

21 

24 

24 


30 
44 
49 
35 
167 
24 


47 

26 

112 

490 

58 


40 
100 

27 

23 
115 
112 
325 

27 
233 

60 

12 
5 

47 
197 
400 


10 


697 

169 

9 

19 

56 

ae 

7 
57 
47 

6 
30 
196 


118 
92 
65 

730 
37 
25 


40 

42 

36 

32 

100 

26 

115 

27 

259 

30 

40 

10 

200 

529 

56 

18 

125 

1.'56 

58 

8 

96 

149 

392 

34 

177 

60 

4 

3 

26 

1,710 

469 

208 

8 

15 


40 

6 

1,192 

128 
90 
24 
90 
20 
70 
62 
72 
18 
35 

309 
5 


214 

32  feet  fall,  27 
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stream. 


-Shenandoah  river  and  tributaries. 

Do 

Do 

Do 

Do 

Do 

Do ; 

Do 

Do 

Do 

Do 

Do 

Do !.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do .' 

Do r 

Do 

Do 

Do 

Bo 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do r 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

■Other  tributaries  of. 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Bo. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do.. 
Do.. 


Tributary  to  what. 


Potomac  river 

...do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do 

..do 

...do 

...do 

--.do 

...do 

...do 

...do  

...do 

..  do 

...do 

.-.do 

.-.do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 

....do. 

...do : 

...do :\ 

...do  

...do  

...do 

do 

...do 

...do 

..  do 

...do    

...do 

....do 

.....do 

..-.do 

...  do  

-;  do 

.--  do  

....do.- 

...:do  

...do  

..-.do  

.--do 

.--.do 

...do 

...do  

...do 

...do 

...do 

Korth  branch  Potomac 

...do  

...do 

..  do 

..do 


State. 


West  Virginia . 

...do  

...  do  

Virginia 

...do '.... 

...do 

...do 

...do  

...do 

...do 

...do  

...  do 

...do 

....do 

...  do  

...  do 

...do 

...  do 

...do  

...do  

....do 

...  do 

....do 

.--  do 

.-.  do 

...do 

...do 

...do 

...do 

...do 

..do 

...  do 

,..  do :. 

..do 

--  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

..  do 

...do 

...do 

...do 

...do 

"West  Virginia . 
...do  


.do  . 
.do. 
.do  . 
.do  . 
.do. 
.do. 

do. 

do. 

do. 

do  . 
.do. 

do. 
.do. 

do  . 
.do  . 


County. 


Jefferson 

...do 

....do 

Clarice 

...do 

...do  

Frederick  ... 

...do 

...do 

"Warren 

...do  

...  do  

Shenandoah  . 
...  do  


...  do 

...do  

...  do  

...do 

...do 

...do 

Page 

...do 

...do 

...do 

Koclf  inghnm . 
...do  


Kind  of  mill  or  manu- 
facture. 


do 

do 

.do 

.do 

do    

do. 

-do 

do 

.do 

Augusta 

....do 

...  do 

...do 

..-.do 

do !  Foundery  ... 

do I  Machinery  . 

— do [  Sash  factory 

..  do 

Clarice 

Frederick 

..  do 

...do 

Hampshire 

...  do 

Jeflerson 

...do  

...do 

...do 

...do 

Berkeley 

-..do 

Morgan 

...do 

...do 

Mineral 

...do 

Grant 

--.do 

...do 


Saw 

Iron  foundery 

Leather 

...do 

Flour  and  grist 

Cheese  and  butter 

Flour  and  grist 

Saw 

Woolen 

...do , 

Sumac 

Flour  and  grist 

...do 

Blast-furnaces 

Saw 

Forges 

Furniture 

Leiither 

Machinery 

Woolen 

Flour  and  grist 

Saw  

Leather 

"Wooleu 

Flour  and  grist 

Saw 

Leather 

Plaster  

Agricultural  implements 

Furniture 

Fertilizers 

Blast-fnrnace 

Marble  and  stone  works. 

Forge  

"Woolt'U 

..do 

Flour  and  grist 

Saw  

Agricultural  implements. 
Blacksmithing 


a  One  not  in  operation. 


Wheelwrighting . 

Flour  and  grist  . . 
...  do    

Furniture  

Woolen 

Blast.f  amace 

"Woolen 

Saw 

Flour  and  grist .  - 

Leather 

Paper 

Woolen 

Flour  and  grist . . 

Saw 

....do 

Floor  and  grist . . 

"Woolen 

Flour  and  grist . . 

"Woolen 

Saw 

Flour  and  grist . . 

"Woolen 

b  Not  in  operation. 


4 
1 
1 
3 

10 
1 
4 
1 
6 
5 
1 

15 

35 
a3 

23 
a2 
1 
2 
1 
1 

20 
2 
1 
1 


1 
2 
1 
1 
61 
1 

ill 
4 
3 

50 

12 
1 
1 
1 
1 
1 
1 
1 

18 
1 


Feet. 
65 
41 
4 
88 
235 
2 
73 
10 


14 

202 
516 
74 
322 


2i 
15 
12 
10 


12 

16 

10 

426 

180 
36 
8 
11 
28 


10 
18 
64 


737 

190 

9 

14 

12 

12 

7 

6 

14 

319 

18 


15 
78 
87 
161 
1 
10 
20 
368 
136 
51 
43 
13 


7 
22 
148 

1 
89 
25 


82 

25 

318 

613 

63 

304 

41 

10 

10 

12 

15 

204 

24 

6 

24 

610 

213 

18 

10 

38 

12 

12 

25 

13 

30 

54 


27 
68  ± 
84 
39-f 

571 


1,069 

270 

15 

2 

6 


25 

374 

6 

77 

15 

52 

95 

203 

1 

10 

20 

363 

115 

81 

76 

12 

104 

45 

82 

145 

35 
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stream. 


South  branch  Potomac  river . 

Do 

Do 

Do 

Do 

Do ;.. 

Do 

Do 

Tributaries  of 

Do 

Do , 

Do 

Do , 

Do , 

Do 

I  Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do : 

Do 

Do 

Do 


Tributary  to  what. 


Potomac  river 

...do 

...do 

...do    , 

...do 

...do 

...do 

...do  

South  branch  Fotomao 

...do  

...do  

..  do 

...do 

...do '.. 

Potomac  river 

...do 

...do 

...do 

...do(a) 

...do 

...do 

...do 

...do 

...do 

...do 

...do    

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 


State. 


West  Virginia . 

...do  

...do  

...do  

...do  

...do 

...do  

...do 

....do , 

do 

do , 

...do  

,..  do 

..  do 

...do  

...do  

...do  

...do  

...do 

Pennsylvania . . . 

...do  

...do 

...do  

..do 

...do 

...do 

...do 

...do 

...do 

...do    

...do 

...do 

...do 

...do 

...do 

...do 

...do 


County. 


Kind  of  mill  or  mann. 
fa«tnre. 


Hampshire 

...do  

Hardy 

Grant 

....do 

Pendleton 

...do  

...do 

Hampshire 

....do  

Hardy , . 

...,do 

Pendleton 

...do 

Hampshire 

...do  

Hardy 

do !  "Woolen 

do do  .. 

Adams 

...do 

...do 

Franklin 

...do 

...do 

..  do 

...do 

...do 

...do 

...do  

...do  

Fultnn 

...do 

...do 

...do 

Bedford 

Somerset 


Hour  and  grist . 

Saw 

Flour  and  grist . 

...  do  

Woolen 

Flour  and  grist . 

Saw 

Woolen 

Saw 

Flour  and  grist . 

Saw 

Flour  and  grist . 

...do 

Woolen 

Saw 

Flour  and  grist . 
...do 


Saw 

Flour  and  grist 

Woolen 

Flour  and  grist 

Saw : 

Leather 

A  gricultural  implements . 

Furniture 

Machinery 

Paper 

Blast  furnace 

Woolen 

Flour  and  grist 

Saw  

Woolen 

Fertilizers 

Flour  and  grist 

Saw' 


2 
1 
2 
1 
8 
1 
1 
1 
3 
2 
1 
3 
1 
9 

12 
9 
1 
2 

12 

19 
1 

74 

21 
2 
2 
1 
1 
3 
1 
4 

18 
3 
2 
2 
1 
2 


o 


Feet. 
13 
22i 

a 

15 


73 

bi 

6 
14 
45 
29 

71 
50 

2 


180 
148 
10 


172 
298 


916 
271 


26 
10 
40 
260 
32 
42 
10 
16 


48 

24 

20 

35 

6 

88 

10 

15 

8 

59 

33 

18 

43 

8 

96 

137 

100 

6 

11 

13» 


1,479 

293 

26 

22 

25 

5 

170 

10 

60 

357 

65 

30 

32 

16 

it 


a  Perhaps  tributary  to  South  branch. 


v.— THE  SMALLER  TRIBUTARIES  OF  CHESAPEAKE  BAY. 

Before  proceeding  to  describe  the  Susquehanna  river,  there  remain  to  be  noticed  a  few  small  tributaries  of 
Chesapeake  bay,  some  of  which,  however,  are  notable  on  account  of  their  utilized  power,  serving  to  run  in  part 
some  of  the  largest  manufacturing  establishments  in  this  part  of  the  country. 

Those  streams  entering  the  bay  from  the  east  may  be  dismissed  with  a  few  words.  The  region  they  drain  is 
flat  and  often  low,  with  a  soil  of  clay  and  sand,  and  they  belong  to  the  class  of  sand  hill  streams,  their  flow  being 
quite  constant,  and  the  declivities,  as  a  rule,  uniform.  They  are  utilized  to  a  large  extent  to  drive  grist-  and  saw- 
milLs,  but  their  powers  are  all  very  small.    The  total  power  utilized  is  tabulated  at  pages  58  and  59,  infra. 

The  streams  from  the  west  and  north  possess  considerable  power  in  proportion  to  their  size,  their  principal  part 
being,  of  course,  above  the  fall-line,  up  to  which  they  are  often  tidal.  This  fall-line,  as  remarked  in  the  introduction, 
cro.s.se8  the  Potomac  several  miles  above  Washington,  passes  nearly  through  Baltimore,  and  follows  the  bay  in  a 
northeasterly  direction,  leaving  Maryland  not  far  from  its  northeastern  corner,  and  probably  passing  through  the 
iiortliern  part  of  the  state  of  Delaware.  Below  the  fall-line  there  are  some  small  powers  on  streams  belonging  to 
the  sand-hill  class,  and  similar  in  character  to  those  on  the  other  side  of  the  bay. 

The  rainfall  over  the  entire  region  referred  to  may  be  taken  at  about  47  inches,  of  which  12  fall  in  spring,  13 
in  summer,  12  in  autumn,  and  10  in  winter. 

The  first  stream  above  or  north  of  the  Potomac  which  is  worthy  of  special  mention  is  the  Patuxent  river, 
which  has  its  sources  in  Howard  and  Montgomery  counties,  Maryland,  and  pursues  a  southeasterly  and  then  a 
southerly  course,  forming  the  boundary  line  between  the  couuties  of  Howard,  Anne  Arundel,  and  Calvert,  on  its 
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left,  and  MontgoiULTy,  Priuce  George's,  Charles,  and  Saint  Mary's,  on  its  right,  emptying  into  the  bay  18  or  20  miles 
above  the  mouth  of  the  Potomac.  It  drains  an  area  of  about  960  square  miles,  and  its  length,  measured  in  a 
straight  line,  is  about  80  miles.  It  is  navigable  for  40  or  50  miles  from  its  mouth,  and  crosses  the  fall-line,  passing 
from  the  middle  to  the  eastern  or  alluvial  district,  near  Laurel,  in  the  vicinity  of  which  place  there  are  several 
powers.  Above  this  point  the  drainage  area  of  the  stream  measures  a  little  over  200  square  miles,  and  includes  a 
hilly  and  rolling  country,  with  no  lakes,  a  soil  of  sand  and  clay,  and  some  limestone  in  parts.  The  flow  of  the 
stream  is  very  variable,  with  heavy  freshets  and  sudden  rises,  and  a  very  small  flow  in  the  dry  season.  In  1868  a 
freshet  occurred  which  carried  away,  it  is  said,  every  dam  ou  the  stream.  The  bed  is  often  rock,  sometimes 
overlaid  with  a  thin  layer  of  gravel,  and  the  fall  is  quite  rapid.  The  mills  are  not  much  troubled  with  ice,  but 
the  comislaint  is  made  that  the  flow  is  becoming  more  variable,  the  summer  flow  less,  and  the  freshets  more  violent. 

The  following  are  the  most  important  powers  on  the  stream: 

Near  Laurel  is  the  Avondale  flour-mill,  with  a  fall  of  8  or  9  feet,  and  some  60  or  70  horse-power  used.  Just 
above  it  is  the  Laurel  cotton  factory,  with  a  stone  dam  300  feet  long,  28  or  29  feet  high,  a  race  about  1,000  feet  long, 
and  a  utilized  fall  of  about  30  feet.  A  power  of  200  horse-power  is  used,  which  can  generally  be  obtained  during  only 
nine  months  or  less,  so  that  an  engine  of  150  horsepower  is  used  in  the  dry  season.(a)  Judging  from  analogy,  one 
would  not  expect  the  stream  to  afibrd  over  5  gross  horse-power  jjer  foot  fall  in  the  uiiuimum  low  season,  or  from  7 
to  8  in  the  low  season  of  ordinary  years.  There  is  no  artificial  storage  (except  in  the  mill-ponds)  in  the  basin  of  the 
Patuxent. 

About  a  mile  and  a  quarter  above  Laurel  there  is  au  unimproved  power,  consisting  of  a  rapid  fall  amounting, 
it  is  said,  to  20  feet  or  over  in  a  short  distance.     I  am  unable  to  speak  authoritatively  of  the  value  of  this  site. 

The  Guilford  cotton  factory,  farther  up,  has  a  stone  dam  200  feet  long  and  8  feet  hiyh,  a  race  2,500  feet  long, 
and  a  utilized  fall  of  14  feet.  The  power  used  is  50  horse-power,  which  cau  be  obtained  during  eleven  mouths 
generallj-,  while  during  the  remaining  month  sometimes  only  one-half  can  be  obtained.  Steam-jjower  is  used  during 
the  dry  season  to  the  extent  of  75  horsc-power.(6) 

There  are  other  j)owers  on  the  stream  above  this,  including  a  woolen-mill,  grist-  and  saw-mills,  but  they  are  all 
small.     The  statistics  regarding  them  will  be  found  tabulated  at  pages  58,  59. 

The  Patuxent  receives  as  a  tributary  below  Laurel  the  Little  Patuxent,  a  stream  draining  some  60  or  70  square 
miles,  and  with  one  power  worth  naming,  the  Savage  cotton  factory,  near  Savage  station  on  the  Baltimore  and 
Ohio  railroad.  The  dam  is  185  feet  long  and  18  feet  high,  the  race  is  half  a  mile  long,  and  the  fall  used  is  55  feet, 
capable  of  being  increased,  it  is  said,  to  60  feet,  A  power  of  250  horse-power  is  nse<l,  and  can  generally,  it  is  said, 
be  obtained  all  the  year,  but  probably  by  drawing  down  the  water  in  the  pond  during  the  day-time.(c)  There  are 
said  to  be  two  unimproved  sites  on  the  Little  Patuxent  near  this  factory,  with  falls  of  15  feet  and  over. 

The  next  stream  of  importance  is  the  Pata-psco  river,  which  is  formed  by  the  union  of  its  North  and  South  forks, 
and  flows  rather  south  of  east,  between  the  counties  of  Howard  and  Anne  Arundel  on  the  south,  and  Baltimore  on 
the  north,  emptying  into  Chesapeake  bay  just  below  the  city  of  Baltimore.  Of  its  two  branches,  the  North  fork  rises 
in  Carroll  county  and  flows  south,  draining  about  129  square  miles,  and  the  South  fork  rises  in  Carroll  and  Howard 
counties  and  flows  east  between  them,  draining  about  100  square  miles.  The  total  area  drained  by  the  Patapsco 
measures  about  350  square  miles,  and  lies  almost  entirely  above  the  fall-line,  so  that  the  area  valuable  for  water- 
power  is  greater  than  in  the  case  of  the  Patuxent.  The  character  of  the  basin  is  similar  to  that  of  the  latter  stream. 
It  has  no  lakes  or  artificial  reservoirs,  and  the  flow  of  the  stream  is  quite  variable;  but  the  freshets  do  not  occasion 
very  large  rises  of  the  water,  on  account  of  the  fall  of  the  stream,  which  is  rapid  for  the  greater  part  of  its  course, 
and  is  utilized  for  power  to  a  considerable  extent.  The  width  of  the  stream  averages  100  to  150  feet,  and  the  rise  in 
a  heavy  freshet  is  said  seldom  to  exceed  6  or  7  feet  in  the  lower  part  of  its  course.  The  bed  is  generally  rock,  the 
banks  are  abrupt  or  shelving,  very  little  land  is  subject  to  overflow,  and  the  facilities  for  power,  so  far  as  the  location 
goes,  are  in  every  respect  favorable.  The  Baltimore  and  Ohio  railroa/i  follows  the  stream  closely  from  Eelay  Station 
almost  to  the  source  of  the  South  fork,  thus  rendering  every  point  easy  of  access. 

The  following  are  the  powers  on  the  stream : 

At  Eelay  Station,  about  5  miles  from  Baltimore  and  15  miles  from  the  bay,  is  the  Hockley  flour-mill,  the  first 
power  on  the  stream,  and  at  the  lower  extremity  of  the  fall  caused  by  its  crossing  of  the  fall-line.  The  dam  is  of 
wood,  250  feet  long  and  8  feet  high,  almost  entirely  rebuilt  in  1874,  and  the  fall  at  the  mill,  200  yards  below,  is  8 
feet.  A  power  of  100  horse-jjowef  is  utilized,  running  8  sets  of  stones.  Full  capacity  can  be  secured  during  only 
nine  months,  the  mill  being  run  night  and  day,  and  in  dry  seasons  only  5  or  6  sets  can  be  run.  The  drainage 
area  above  this  place  being  about  310  square  miles,  analogy  would  lead  us  to  expect  that  the  stream  here  would 
aiford  a  power  of  about  8  horse  power  (gross)  per  foot  fall  in  the  minimum  low  season,  and  about  12  in  the  low 
season  of  ordinary  years;  but  these  figures  may  really  be  increased  to  some  extent,  during  the  day-time  at  least, 

by  the  storage  efl^'ected  by  the  numerous  mill  ponds  above. 

• 

a  Steiirn-iiowei-  Btafeil  at  '^00  horse-power  in  statistics  of  cotton-mills. 

/)  lu  Statistics  of  Cotton  Mills  the  mill  is  stated  to  be  on  the  North  branch  of  the  Patuxent  river,  the  fall  is  given  as  1.3  fe(-t,  the 
■water-jiowcr  used  as  75  Uorsu-ppwer^iuDd  Iho  steaui-power  as  5U  horse-ijower.  I  am  not  able  to  say  whether  the  inlomiatioij  given  me  or 
these  stalenicnts  just  given  are  in  error. 

c  In  Statistics  of  Cotton  Mills  this  mill  is  given  as  on  the  Patuxent  river.     Fall  stated  at  55  feet;  power  at  200  horse-power. 
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The  next  utilized  power  is  about  a  mile  and  a  half  above,  at  the  Orange  Grove  mill,  but  between  the  two  th'ere 
is  considerable  fall  in  the  river,  amounting,  it  is  said,  to  between  20  and  25  feet.  Of  this,  a  fall  of  about  15  feet  was 
formerly  used  to  run  iron-works,  but  the  dam  was  washed  out  in  the  freshet  of  1868,  and  at  present  the  site  is  idle. 
The  remainder  of  the  fall  referred  to  has  never  been  utilized. 

The  Orange  Grove  flour-mill  (C.  A.  Gambrill  &  Co.)  has  a  dam  of  wood  and  stone,  180  feet  long  and  15  feet  high, 
built  in  1857,  and  ponding  the  water  over  5  or  6  acres,  it  is  said.  A  fall  of  12  feet  is  used  by  5  turbine  wheels, 
affording  250  horse-power.  The  mill  has  23  sets  of  stones,  of  which  13  are  run  by  water  and  10  by  steam  exclusively. 
The  full  capacity  of  the  water-wheels  can  be  utilized  during  only  about  six  months,  the  capacity  becoming  at  times 
less  than  one-half.  According  to  what  has  been  said  regarding  the  capacity  of  the  stream,  a  power  of  144  horse- 
power gross  would  be  all  that  could  be  expected  here  in  the  low  season  of  ordinary  years;  and  as  the  mill  runs 
night  and  day  there  is  no  storage  except  what  is  due  to  the  mills  above.  During  the  day-time  it  is  said  that  water 
always  wastes,  a  large  amount  being  let  down  by  the  mills  above. 

Above  this  mill  there  are  said  to  be  two  unimproved  powers,  the  first  with  a  fall  of  some  25  or  30  feet,  which 
has  never  been  utilized;  the  second  with  a  fall  of  some  11  feet,  formerly  used,  but  now  entirely  unimproved.  The 
latter  site  is  at  Ilchester.  From  the  above  remarks  regarding  capacity,  an  idea  can  be  formed  of  the  available 
power  at  these  places. 

The  next  power  is  the  Thistle  cotton  factory,  but  no  details  could  be  obtained  regarding  it.    The  fall  is  said  to 

be  about  12  feet.(a) 

Next  above  is  Gray's  cotton  factory,  at  Ellicott  City,  where  a  fall  of  about  9  feet  is  used,  and  a  power  of  75  to 
80  horse-power  is  obtained.(&)  A  50  horse-power  steam-engine  is  used  in  the  low  season.  The  dam  is  of  wood, 
about  172  feet  long  and  8  feet  high,  ponding  the  water  over  about  6  acres. 

Just  above  is  the  Patapsco  mill  of  0.  A.  Gambrill  &  Co.,  with  a  fall  of  12  feet  and  250  horse-power.  The  mill 
has  12  pairs  of  stones  run  by  water  and  10  by  steam,  a  200  horse-power  engine  being  run  all  the  time.  Full  capacity 
can  be  obtained  for  less  than  six  months,  as  would  be  expected.  The  dam  is  of  wood  and  stone,  180  feet  long  and  3 
feet  high,  built  in  1879  at  a  cost  of  $L',000. 

Next  comes  an  unimproved  site  of  the  Union  Manufacturing  Company,  with  an  available  fall  said  to  amount 
to  15  feet  in  three-quarters  of  a  mile.    The  site  was  once  used,  but  the  works  were  washed  away. 

Next  above  is  the  cotton  factory  of  the  Onion  Manufacturing  Company  of  Maryland.  The  dam  is  of  wood,  185 
feet  long  and  10  feet  high,  and  was  built  in  1867  at  a  cost  of  about  $15,000.  It  ponds  the  water  over  about  17  acres, 
and  from  it  a  race  2  miles  in  length  leads  to  the  mill,  where  the  fall  is  30  feet.  A  power  of  310  horse-power  is  utilized, 
and  can  be  obtained  all  the  year,  so  that  no  steam-power  is  used.(c)  The  mill  is  run  ten  hours  a  day,  and  water 
generally  wastes  over  the  dam  except  at  very  low  stages.  The  drainage  area  above  this  site,  as  well  as  above 
the  three  preceding  and  the  three  following,  may  be  taken  as  275  square  miles,  so  that  we  may  estimate  the  flow 
at  about  10  per  cent,  less  than  at  Eelay  Station — that  is,  we  should  expect  the  stream  to  afford  about  7  horsepower 
(gross)  per  foot  fall  in  the  lowest  season  in  a  series  of  years,  and  11  in  the  low  season  of  ordinary  years,  an 
estimate  which  agrees  remarkably  well  with  the  power  stated  for  the  Union  factory,  when  we  consider  the  loss 
from  imperfect  motors,  and  the  fact  that  the  supply  during  the  day-time  is  greater  than  at  night,  on  account  of  the 
mills  above. 

Befow  Elysville  is  the  Albertou  cotton  factory,  with  a  fall  of  19  or  20  feet,  and  using  430  liorse-power,  which, 
however,  can  be  obtained  only  during  eight  months.(d)  During  the  remaining  time,  steam-power  is  used  to  the 
extent  of  175  horse- power  on  the  average,  and  sometimes  as  much  as  300  horse-power.  The  dam,  which  is  2,000 
feet  above  the  mill,  is  of  wood,  160  feet  long  and  19  feet  high,  and  was  built  in  1867  at  a  cost  of  $30,000.  In  the 
summer  the  water  is  drawn  down  in  the  pond  during  working-hours. 

Next  comes  a  site  formerly  used  by  a  flour-mill,  but  now  entirely  unimproved,  known  as  "Bllicott's  old  upper 
mill",  with  a  fall  of  8  or  9  feet. 

At  Elysville  is  a  second  unimproved  power,  once  used  by  a  woolen-mill,  and  afterward  by  a  grist-mill,  the  fall 
being  about  10  feet. 

Above  this  there  are  several  small  powers,  some  improved  and  others  not,  but  none  of  them  remarkable,  so  far 
as  could  be  learned.    The  fall  issaid  to  be  rapid  all  along  the  stream,  but  the  declivity  is  gradual. 

On  the  two  branches  of  the  Patapsco  there  are  a  number  of  small  mills,  generally  grist-  and  saw-mills,  with 
some  paper-  and  woolen-mills,  but  none  of  them  are  large.  On  the  North  fork,  for  instance,  J.  A.  Dushane  &  Co. 
have  a  paper-mill  with  a  fall  of  9  or  10  feet  and  are  using  about  100  horse-power,  but  this  can  be  obtained  during 
only  from  five  to  eight  months.  There  are,  of  course,  some  sites  not  used,  offering  small  powers.  Near  Sykesville 
there  is  said  to  be  one,  formerly  used,  with  a  fall  variously  stated  at  from  12  to  19  feet. 

The  Patapsco  river  is  the  most  important  manufacturing  stream  of  Maryland,  and  its  water-power  is  excellent, 
as  we  have  seen.  No  other  stream  in  the  state,  with  the  ■  exception  of  the  Potomac,  offers  so  many  advantages  or 
so  many  favorable  sites  for  power. 

a  Full  given  as  Vi  leeb  and  power  as  221  horse-power,  in  returns  of  ennmerators. 

b  Puwor  yiveii  as  120  horse-power  in  returns  of  enumerators.  • 

c  Fall  given  as  26  feet  and  power  as  369  horse-power,  iu  returns  of  enumerators. 

d  Fall  given  as  17^  feet  and  power  as  480  horse-power,  in  returns  of  enumerators.     Steam-power,  350  horse-power. 
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Mention  should  be  made  here  of  two  small  streams  which  enter  the  lower  partol'tbe  Patapsco,  and  are  utilized 
to  a  considerable  extent,  viz,  Gwynn's  falls  and  Jones'  falls.  They  are  very  small  streams,  very  variable  in  flow,  and 
really  of  almost  no  value  for  power.  They  have,  however,  considerable  fall,  and  are  utilized  by  a  number  of  mills 
which  run  about  half  the  year  at  full  capacity  by  water-power,  and  during  the  rest  of  the  time  either  use  steam- 
power  extensively  or  use  very  little  power  of  any  kind.  On  Gwynn's  falls  there  is  a  flour-mill  with  a  fall  of  18  feet,  and 
75  horse-power  during  about  seven  months;  above  it  is  an  unimproved  privilege  with  a  fall  of  about  16  feet;  and  above 
that  are  two  flour-mills  fed  from  one  dam,  one  with  a  fall  of  22  feet,  and  100  horse-power  during  eight  or  nine  months, 
and  the  other  with  a  fall  of  18  feet,  and  60  or  75  horse-power  during  six  months.  This  last  site  is  only  half  a  mile 
above  Baltimore.  Above  it,  and  below  Wetherdsville,  is  an  unimproved  privilege  formerly  used  by  a  flour-mill, 
with  a  fall  of  20  to  25  feet.  Farther  up  are  the  Ashland  woolen-mills,  at  one  of  which  the  fall  is  22  feet,  and  the 
power  80  horse-power  during  about  nine  months,  and  at  the  other  the  fall  is  28  feet,  and  the  power  70  horse-power 
during  nine  months.  Above,  we  come  to  the  Powhatan  cotton  factory,  where  a  fall  of  22  feet  is  used,  with  75  horse- 
power during,  in  some  years,  less  than  six  months.  Finally,  there  are  a  few  grist-mills  near  the  head-waters. 
Although  used  to  such  an  extent,  the  water-power  of  the  Stream  is  of  little  value,  because  the  flow  is  so  variable 
that  no  dependence  can  be  placed  on  the  power,  and  steam  must  be  relied  on  principally.  Jones'  falls  is  a  still 
smaller  stream,  and  is  used  by  the  city  of  Baltimore  for  supplying  the  city  with  water,  so  that,  although  there  were 
formerly  several  mills  on  the  stream  run  by  water-power,  they  are  now  almost  entirely  run  by  steam,  and  the 
water-power  of  the  stream  is  valueless. 

The  only  other  tributary  entering  from  the  west  which  is  worth  mentioning  is  Gunpowder  river,  a  very  short 
stream,  being  formed  only  a  few  miles  from  its  mouth  by  the  union  of  Big  and  Little  Gunpowder  creeks,  or  "  falls''^ 
as  many  creeks  in  this  neighborhood  are  called.  Big  Gunpowder  falls  drains  an  area  of  about  275  square  miles^ 
lying  in  Baltimore  and  Carroll  counties,  and  comprising  a  rolling  and  hilly  country.  The  power  at  its  mouth  may  be 
estimated  at  about  the  same  as  that  of  the  Patapsco  at  Elysville,  that  is,  at  about  7  horsepower  gross  in  the  lowest 
season,  and  about  11  in  the  low  season  of  ordinary  years ;  but  the  lower  part  of  the  stream  is  not  available  for 
power,  as  one  of  the  reservoirs  to  supply  the  city  of  Baltimore  has  been  located  on  the  stream  and  all  the  water- 
rights  below  the  proposed  site  have  been  purchased  by  the  city,  including  power  formerly  used  by  several  metal- 
working  establishments,  one  of  which,  the  Gunpowder  Copper  Works,  is  still  running  with  what  water  can  be 
obtained.  Above  the  reservoir  site  the  stream  has  a  uniform  declivity,  and  a  bed  of  gravel  and  sand,  with  rock 
sometimes  at  the  surface.  Considerable  power  is  utilized,  there  being  a  number  of  small  grist-,  saw-,  paper-,  woolen-, 
and  other  mills  on  the  stream  and  its  various  tributaries.  The  most  important  pow  ers  are  the  following:  At  Phoenix 
there  is  a  cotton-mill,  but  for  some  reason  it  has  not  been  running  for  six  or  seven  years,  although  everything  is 
said  to  be  in  good  order.  The  fall  is  12  or  15  feet,  but  the  power  I  am  unable  to  estimate.  The  Warren  factory, 
another  cotton  factory,  has  a  stone  dam  300  feet  by  12,  aad  uses  a  fall  of  14  feet,  with  175  horse-power  during  most 
of  the  time,  it  is  said,  while  steam-power  is  used  in  summer  to  the  extent  of  100  horse-power.  A  grist-  and  a  saw-miU 
are  run  from  the  same  dam.  Above  this,  there  ace  a  number  of  paper-mills,  arranged  to  utilize  all  the  power 
available  during  the  winter,  and  sometimes  getting  full  capacity  during  only  three  months.  Thus,  the  Marble 
Vale  mill,  near  Phoenix,  has  a  fall  of  9  feet  and  120  horse-power ;  the  Eock  Dale  mill,  20  feet  and  150  horse-power  j 
and  there  are  other  similar  powers.  At  many  of  them  steam  is  used  during  the  summer,  and  often  during  a  much 
longer  period.  There  are  a  number  of  unimproved  privileges  on  the  stream;  one  at  Monkton,  where  there  was 
formerly  a  mill;  one  below  the  Eock  Dale  mill,  said  to  have  a  large  fall,  and  others  farther  up.  The  volume  of 
water,  however,  is  very  small  in  the  summer  time. 

Western  run  and  Little  Gunpowder  creek,  the  latter  draining  about  73  square  miles,  are  the  principal  remaining 
tributaries.  They  are  utilized  to  a  considerable  extent,  but  the  powers  are  so  small  as  to  call  for  no  further 
comment. 

Crossing  the  Susquehanna,  a  few  of  the  small  streams  entering  the  bay  from  the  north  are  utilized  to  a 
considerable  extent  for  power,  but  their  flow  is  very  variable,  and  only  a  small  amount  of  power  is  available  in  the 
low  season.  Principio  creek  runs  an  iron-furnace  with  a  fall  of  32  feet,  and  several  grist-  and  saw-mills;  North  Bast 
creek  and  its  tributaries  run  several  woolen-mills,  grist-  and  saw -mills,  and  the  works  of  the  McCullough  Iron 
Company  at  Korth  East.  None  of  the  powers  are  large.  One  site  nat  used,  on  North  Bast  creek,  known  as  Gilpin's 
falls,  has  the  large  fall  of  not  less  than  120  feet  in  a  quarter  of  a  mile,  the  stream  pouring  over  masses  of  rock 
down  a  narrow  valley,  and  forming  a  very  picturesque  spot.  Although  quite  a  resort  for  excursionists,  the  place 
is  of  little  value  as  a  site  for  power,  because  the  stream  is  so  small  that  in  summer  it  will  afford  only  about  1  horse- 
power per  foot  fall.  The  total  area  drained  by  North  East  creek  is  about  65  square  miles,  but  probably  not  over 
half  of  this  lies  above  Gilpin's  falls. 

Big  Blk  creek,  which  drains  76  square  miles,  having  its  sources  in  Chester  county,  Pennsylvania,  is  similar  in 
character  to  those  already  described,  and  is  utilized  for  cotton-,  woolen-,  grist-,  saw-,  and  paper-mills,  and  iron- 
works. At  the  works  of  the  McCullough  Iron  Company,  near  Elkton,  a  fall  of  20  feet  is  used,  with  a  dam  16  feet 
high,  and  about  65  horse-power  is  obtained  during  ten  months  or  thereabout,  probably  by  drawing  down  the  water 
in  the  pond,  which  is  large.  There  are  three  unimproved  sites  on  the  stream  where  power  could  be  obtained  by 
damming,  but  no  abrupt  falls.  At  these  places  powers  of  from  20  to  40  horse-power  could  probably  be  developed 
during  the  greater  part  of  the  year.  ^^^ 
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Little  Elk  creek,  which  joins  the  Big  Elk  to  form  Elk  river,  drains  only  about  34  square  miles.  It  is  quite 
extensively  used  for  flour-,  paper  ,  and  saw  mills,  and  its  fall  is  estimated  at  nearly  200  feet  in  its  course  through 
Cecil  county,  Maryland.  There  are  several  unimproved  sites  having  quite  large  falls,  viz,  one  near  tide-water, 
said  to  have  a  fall  of  24  feet;  one  just  above  Harlan's  paper-mill,  said  to  have  over  30  feet  fall  in  less  than  a  mile; 
and  smaller  ones  above. 

The  following  table  gives  statistics  regarding  the  utilized  power  on  the  streams  we  have  been  considering: 

•     Table  of  utilized  power  on  small  tributaries  of  Chesapeake  bay. 
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..'do .'.. 

....do 

Calvert 

...do 

Anne  Arundel . . . 

..  do 

....do  

Prince  George's  . 

...do  

Montgomery 

....do  

. .  do 

Howard 

Baltimore 

...  do 

...do 

....do 

...  do 

Howard 

...do 

Baltimore 

...do 

...do 

...  do 

..  do 

...do 

Howard 

...do    

...do 

...do    

Carroll 

...do 

...do 


Flour  and  grist 

...do  

...  do 

Saw 

...do 

Plour  and  grist 

...do  

...do  

Saw 

Flour  and  grist 

Woolen 

Flour  and  grist 

...  do 

Furnace 

Saw 

Agricultural  implements 

Paper 

Cotton 

Iron-worke , 

Woolen 

Flour  and  grist 

Cotton 

FJour  and  grist 

...do 

Cotton , .' 

Saw 

Flour  and  grist 

Saw 

..  do 

Flour  and  grist 

Cotton 

Saw 

Flour  and  grist 

-.  do    

Saw 

Agricultural  implements  . . 

Flour  and  grist 

Cot!  on 

..  do 

...do  

Floiir  and  grist  .■ 

..  do    

...do  

Cotton 

Flour  and  grist 

Saw 

Cotton 

Keedles  and  pins 

Woolen 

Dyeing  and  cleaning 

Flour  and  grist 

Saw 

Agricultural  implements  . . . 

Paper 

Flour  and  grist 

Saw' 

Paner 


3 
5 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

16 
3 
1 
1 
2 
1 

11 
5 
1 
1 

27 

13 


Feet 

15 

3 

107 

122 

90 

75 


115 
13 

88 
286 

38 
103 

10 

.■^2 

10 

74  ' 


20 
30 
C.2 
20 
14 

8 
21 

8 

6 
54 
55 
10 
49 
111 
38 
18 
12 
10 

9 
30 
12 
12 

8 

19 

301 

49 

22 

7 

50 

10 

196 

74 

17 

20 

425 

203 

40 


22 

12 

238 

287 

112 

96 

99 

281 

120 

205 

50 

174 

393 

50 

1.54 

6 

150 

40 

450 

^5 

65 

200 

128 

46 

50 

14 

)fl 

20 

10 

37 

250 

15 

71 
35 
20 
30 

75 

310 

250 

250 

100 

430 

468 

28 

75 

30 

150 

14 

143 

55 

12 

100 

419 

153 

94 


''O'"!  ». 


Scale. 

go     (9     iq     5      0  to 40  60 BO  ipo tao  MILES. 


Drainage  basius  of  the  Susquehanna  and  Delaware  rivers  and  of  the  Coast  streams  of  New  Jersey. 
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stream. 

Tributary  to  what. 

State. 

Connty. 

Kind  of  mill  or  manu- 
facture. 

a 
■g 

1 

i 

1 

h 

|i 

If 

r 

Tribntariea  of 

Carroll                ■ 

Woolen - 

1 

1 
1 

1 

87 

22 
1 
1 
1 

15 
2 
5 
1 

18 
4 
1 
1 

11 

10 

1 

1 

19 
9 

* 

Feel. 

9 

12 

12 

28 

"do 

...  do 

do 

do                   .... 

Do 

....do     

do 

Anne  Arundel 

Flour  aud  grist 

30 

Other  trihutaries  of 

do 

Do 

...  do 

do 

do              

611 

398 

14 

25 

8 

245 

73 

18 
280 
57 
15 
19 

80 
95 
12 
26 
351 
169 
67 

661 

Do 

do 

do 

do            

274 

Do 

...do 

do 

do            

175 

Do 

....do  

..do 

do    

....do    

160 

Do 

....do  

do 

do 

60 

Do 

.do 

do 

do 

596 

Do 

-do       .... 

do 

do 

162 

Do 

•  .  do 

do 

Carroll               

Flour  and  grist 

64 

Do 

do 

do 

do            

75 

Do 

....do  

do     ... 

429 

Do 

....do  

do       

do 

Saw 

62 

Do 

.  do          . 

do 

do 

£5 

Do 

....do    

do 

'      do              

Carriage  and  "wagon  mate- 

riala. 

22 

Do 

do 

SnBsex 

do 

283 

Do 

...do     

do 

Saw    

258 

Do 

do 

Pennsylvania 

do 

Chester                     

Agricultural  implements  ... 

10 

Do 

....do 

do     

25 

Do 

do 

...do 

do     

285 

do 

do 

do  ' 

Saw                

126 

Do 

do     . 

do 

do 
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THE  SUSQUEHANNA  EIVEE. 

The  Susquehanna,  the  largest  stream  on  the  Atlantic  slope  of  the  United  States,  though  by  no  means  the  most 
important  as  regards  water-power, has  its  sources  entirely  beyond  the  region  of  corrugations  composing  the  eastern 
part  of  the  Appalachian  mountain  system,  on  the  elevated  plateau  which  bounds  that  system  toward  the  west  and 
north,  forming  the  water-shed  between  the  waters  flowing  north  and  west  into  the  Saint  Lawrence,  the  Mississippi, 
and  the  great  lakes,  and  those  flowing  into  the  Atlantic  streams  of  this  country.  The  river  rises  in  Otsego  lake, 
in  Otsego  county,  New  York,  at  an  elevation  above  the  sea  of  about  1,193  feet.(a)  Its  course  lies  first  in  a 
southwesterly  and  westerly  direction,  through  Otsego,  Chenango,  Broome,  and  Tioga  counties,  New  York, and  with 
a  portion  of  its  course  in  Susquehanna  county,  Pennsylvania,  and  its  volume  is  rapidly  swelled  by  large  tributaries, 
until,  when  it  finally  leaves  New  York  in  Tioga  county,  bending  to  the  south  to  pursue  a  southerly  course  through 
Pennsylvania,  its  drainage  area,  just  below  the  mouth  •f  the  Chemung,  measures  7,463  square  miles.  In  its 
course  through  Pennsylvania  the  stream  passes  through  Bradford,  Wyoming,  Luzerne,  Columbia,  Montour,  and 
Northumberland  counties,  to  its  junction  with  its  West  branch,  whence  it  flows  nearly  south  between  Northumberland 
Dauphin,  and  Lancaster  counties  on  the  east,  and  Snyder,  Juniata,  Perry,  Cumberland,  and  York  counties  on  the 
west,  passing  then  into  Maryland,  flowing  between  Cecil  county  on  the  east  and  Harford  county  on  the  west,  and 
emptying  into  Chesapeake  bay  at  its  northern  extremity.  The  total  drainage  area  of  the  stream,  which  measures 
not  less  than  26,233  square  miles,  is  divided  as  follows  between  the  three  states  through  which  it  flows:  New  York, 
6,267;  Pennsylvania,  19,711;  Maryland,  255  square  miles.(6)  The  principal  large  tributaries  of  the  stream  drain 
the  following  areas : 

Square  miles. 

Chenango  river ----  1,540 

Chemung  river .- - 2,  .518 

West  branch  of  the  Susquehanna  river 6,460 

Juniata  river '- ,      3,223 


a  Geological  Survey  of  Nm  Yorh,  Part  III,  p.  238  j;i842). 

6  These  are  from  my  own  measurements.    It  is  to  he  mentioned,  however,  that  Mr.  Gannett,  the  geographer  of  the  census,  gives 
the  drainage  area  of  the  Susquehanna  as  27,655  square  miles.  577 
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The  river  flows  by  a  number  of  importaut  cities  and  towns,  among  whicli  ^ay  be  mentioned  the  following  r 
Bingliamton,  New  York,  at  the  mouth  of  the  Chenango ;  Owego,  New  York,  at  the  mouth  of  Owego  creek ;  Athens^ 
Pennsylvania,  near  the  mouth  of  the  Chemung,  really  on  the  latter  stream ;  Towanda,  Tunkhannock,  Pittston, 
Wilkesbarre,  Berwick,  Bloomsburg,  Danville,  Northumberland  (at  the  mouth  of  the  "West  branch),  Sunbury, 
Dauphin,  Harrisburg,  Marietta,  Middletown,  and  Columbia,  Pennsylvania;  Port  Deposit  and  Havre  de  Grace,^ 
Maryland.  It  is  not  navigable  above  its  crossing  with  the  fall-line,  very  near  its  mouth,  but  a  canal  extends  along 
the  stream  as  far  up  as  Wilkesbarre,  the  river  being  navigated  to  some  extent  in  the  pools  of  the  canal  dams. 
When  we  add  that  the  stream  is  closely  followed  for  almost  its  entire  length  by  railroads,  it  will  be  evident  that, 
the  facilities  for  transportation  leave  nothing  to  be  desired. 

The  drainage  basin  of  the  stream  is  very  varied  in  character,  embracing  as  it  does  such  a  large  area.  In  the  state 
of  New  York  the  stream,  with  its  tributaries,  flows  through  a  rolling  and  sometimes  rather  broken  country,  forming 
the  plateau  bounding  the  mountain  region  on  the  north.  Its  declivity  in  this  part  of  its  course  is  very  uniform,  its 
bed  gravel  or  sand,  with  seldom  a  rock  ledge,  and  its  banks  moderately  high,  shelving,  and  not  very  extensively 
subject  to  overflow.  It  flows  over  beds  of  drift  aiid  ofl'ers  little  power.  Passing  into  Pennsylvania,  it  enters  the 
mountain  region,  and  its  course  is  in  places  very  tortuous  as  it  winds  among  the  parallel  ranges  of  hills.  Its  fall  is 
gradual,  as  before,  and  its.  bed  generally  drift  materials — gravel,  sand,  and  bowlders.  The  banks  are  generally 
high,  and  there  are  few  bottoms  subject  to  extended  overflow,  although  the  river  is  subject  to  rises  of  30  feet  or 
thereabout.  Below  the  mouth  of  the  West  branch  the  fall  of  the  stream  becomes  rather  more  irregular,  and  at 
several  places  there  are  rapids  where  the  stream  flows  over  a  rock  bottom.  In  the  lower  part  of  its  course,  from 
Marietta  to  Havre  de  Grace,  the  stream  "occupies  a  deep  broad  valley,  varying  in  width  from  a  few  hundred  feet 
to  more  than  a  mile,  and  on  either  shore  it  is  for  the  most  part  bounded  by  rocky  bluffs  supporting  table-lands  at 
an  elevation  of  from  100  to  500  feet  above  its  waters  ".(a)  The  fall  in  this  part  of  its  course  is  quite  rapid,  the 
stream  is  often  very  wide,  and  the  channel  is  dotted  with  islands  and  rocks.  For  a  more  detailed  description  of 
the  river  I  can  not  do  better  than  quote  that  given  by  Professor  H.  D.  Rogers,  in  his  Geology  of  Pennsylvania : 

That  portion  of  the  Susquehanna  river  which  flows  near  the  northern  boundary  of  the  state  passes  from  its  sharp  elhow,  called  th& 
"Great  Bend",  to  the  mouth  of  its  affluent,  the  Chemung  river,  through  a  charming  broad  valley,  bounded  by  soft  slopes  terminating 
in  wide  table-shaped  hills.  It  is  a  fertile  and  very  beautiful  district;  and  with  its  westward  extension,  the  plain  of  the  Chemung  river 
is  rapidly  becoming  one  of  the  most  attractive  agricultural  districts  of  New  York.  From  the  mouth  of  the  Chemung  river  to  Pittston,. 
where  the  river  suddenly  turns  at  a  right  angle  on  entering  the  Wyoming  coal-field,  it  flows,  with  many  bendings,  along  a  deei>  and 
picturesque  valley,  almost  identical  in  its  features  with  that  of  the  corresponding  stretch  of  the  Delaware,  the  main  difference  being  that 
the  bed  of  the  valley  is  wider  and  the  hill-sides  confining  it  less  mountainous.  From  the  mouth  of  the  Lackawanna  at  Pittston,  where  it 
enters,  to  Nanticoke,  where  it  leaves  the  beautiful  Wyoming  valley,  the  scenery  along  the  river  is  wholly  difl'erent.  It  flows  through  a 
broad  and  almost  perfectly  level,  smooth  plain — the  W^yoming  and  Kingston  fla^s — composed  of  a  deep  bed  of  diluvium  or  drift.  On 
either  side  of  this  plain  rise  the  rolling  hills  of  the  coal-basin,  and  behind  these  the  long  gentle  slopes  of  the  high  mountain  barriers 
which  frame  in  the  whole  scene.  At  Nanticoke  the  river  turns  abruptly  northward  out  of  the  coal-basin,  througli  its  steep  barrier,  by 
a  highly  picturesque  pass,  and  then  sweeps  again  as  suddenly  westward,  to  run  for  several  miles  in  a  closely-confined  trench  between  the 
outer  and  the  inner  ridges  of  the  basin.  It  does  not,  however,  run  round  the  western  end  of  this,  but  at  the  ravine  of  the  Shickshinny 
turns  suddenly  southward,  and  cuts  across  its  point,  leaving  a  high  insulated  hill  of  the  coal  strata  on  its  western  or  right-hand  side. 
Disengaging'  itself  by  a  fine  pass  from  the  southern  barrier  of  the  coal-basin,  it  passes  out  into  an  open  valley  and  makes  another 
rectangular  bend,  to  run  once  more  toward  the  west,  parallel  with  the  Nescopeck  mountain,  which  it  follows  to  the  neighborhood  of 
Catawissa.  Beyond  this  point  it  maintains  its  general  course  westward,  somewhat  south,  parallel  with  the  southern  base  of  Montour's 
ridge,  all  the  way  to  Northumberland,  where  it  is  joined  by  its  great  tributary,  the  West  branch.  In  some  portions  of  this  long  reach 
of  the  river  the  scenery  adjoining  it  is  uncommonly  rich  and  pleasing.  A  remarkably  fine  view  up  the  river  is  presented  from  the  hiUs^ 
on  its  west  bank,  a  little  below  the  mouth  of  Fishing- creek. 

Between  Northumberland  and  the  Kittatinny  valley  the  river  leads  us  through  many  striking  scenes.  It  is  studded  with  many 
little  islands,  most  of  which  are  covered  with  trees  or  bushes  to  the  water's  edge,  and  it  is  here  a  wide  and  majestic  river,  flowiu" 
alternately,  for  long  reaches,  across  highly-cultivated  belts  of  country,  and  past  the  ends  of  steep  and  rugged  mountains.  Passing  out 
from  the  mountains,  it  traverses  a  beautiful  country  in  the  Kittatinny  valley,  dividing  Dauphin  from  Cumberland  countj-.  Quittiu"-  the 
limestone  valley,  the  river  next  traverses  the  red-shale  belt,  between"  the  villages  of  Highspire  and  Bainbridge,  crossino-  a  rather 
monotonous  country,  except  at  the  Conewago  falls,  or  rapids,  where  numerous  hard  trap-dikes  impede  its  course,  and  cause  it  to  rush  in 
wild  tumult,  by  deep  and  dangerous  sluices,  for  a  long  distance  between  black  and  jutting  reefs.  At  Chicques  ridge,  one  mile  above 
Columbia,  the  river  leaves  the  smoother  country,  and  passes  between  a  range  of  high  and  picturesque  crags.  With  two  or  three 
intermissions,  caused  by  the  softer  limestone  valleys  which  it  next  crosses,  it  runs  the  whole  way  thence  to  the  vicinity  of  Pert  Deposit, 
or  nearly  to  the  head  of  Chesapeake  bay,  between  steep  naked  and  half-naked  hill-sides,  rising  from  200  to  400  feet  above  its  channel. 
In  some  parts  of  this  long  reach,  as  at  the  mouth  of  the  Conestoga,  the  river  is  greatly  dilated,  and  is  filled  with  rocky  islands  and 
projecting  reefs.  In  other  localities  its  rugge^  banks  approach,  and  the  river  rushes  with  tremendous  force,  especially  during  freshets, 
through  these  deeper  gorges.  The  traveler,  who  finds  only  a  rough  and  very  toilsome  path  along  its  eastern  shore  iiom  Turkey  Hill  "to 
Port  Deposit,  a  distance  of  more  than  30  miles,  will  choose  to  descend  it  by  its  right  bank  along  the  tow-path  of  the  canal.  He  will  pa«» 
an  almost  unbroken  succession  of  interesting  rocky  scenes,  affording  much  geological  instruction;  and  he  wiU  witness  many  beautiful 
bits  of  river  perspective,  but  he  will  find  himself  pent  in  all  the  way  between  the  bold  river  hills. 

a  Rogers'  Geology  of  Pennsylvania,  p.  184. 
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The  declivity  of  the  river  is  shown  in  the  following  table : 


Locality. 


Month 

State  line 

Crossing  of  FeBcbbottom  railroad(a)  . 

Month  of  Fishing  creek 

Month  of  Muddy  creek 

Colnmhia  dam,  water  below 

Columbia  dam,  ci-est 

Below  Conewago  falls 


Above  Conewago  falls 

Harri8burg(6) 

Kockville,  crossing  of  Pennaylvania  raili'oad(c)  . 

Clark's  Ferry  dam,  water  below 

Clark's  Ferry  dam,  crest 

Liveipool 

Seelin's  Grove 

Sunbury  dam,  water  below 

Sunbury  dam,  crest 

Nanticoke  dam,  water  below 

Kanticoke  dam,  crest 

Wilkesbarre 

Mouth  of  Lackawauna  river  (d) 

Month  of  Tunkhannock  creek  (d) 

Mouth  of  Mehoopany  creek  (d) 

Mouth  of  Wyalusing  creek  (d) 

Month  of  Wyaox  creek  (d) 

Towanda  (d) 

Athens,  on  Chemnng  river  (d) 

Lake  Otsego,  source  of  river 


Distance 

from 
mouth. 


Miles. 
0.0 
12.0 
17.5 
20.0 
22.0 
43.0 
43.0 
57.0 

59:0 

69.0 

75.0 

84.0 

84.0 

99.0 

116.0 

122.0 

122.0 

•   174.0 

174.0 

183.0 

190.0 

211.0 

223.0 

244.0 

257.5 

2C2.0 

278.0 

422.0 


Elevation 

above 
mean  tide. 


Feet. 


100 
119 
224 
231 
254 

273 

208 
305 
33S 
343 
378 
421 
422 
429 
609 
515 
521 
536 
581 
604 
646 
687 
700 
744 
1,193 


Distanco 
between 
points. 


Miles. 
I        12 


1        - 

}        10 
\        15 


38 


52 


144 


Fall 
between 
points. 


Feet. 


23 
19 
25 


79 


229 


Fall 

Eer  mile 
etween 
points. 


Feet. 
5.75 


5.0 


1.6 

9.5± 

2.5 

2.5 


2.1 


3.1 


a  This  elevation  is  given  by  Mr.  S.  M.  Mansfield,  superiutendent. 

i  This  elevation  is  a  mean  between  those  furnished  by  Chauncey  Ives,  esq.,  assistant  engineer  of  the  Cumberland  VaUey  railroad,  and  Alfied  Walter,  esq., 
assidtant  engineer  of  the  Northern  Central  railroad. 

«  For  this  elevation  I  am  indebted  to  Mr.  William  H.  Brown,  chief  engineer. 

t.  For  these  elevations  I  have  to  thank  Robert  H.  Sayre,  esq.,  superintendent  and  engineer  of  the  Lehigh  Valley  raUroad.  The  remainder  of  the  elevations 
are  to  be  found  in  the  volume  Tide  Levels,  published  by  the  Pennsylvania  geological  sxirvey. 

There  is  some  discrepancy  in  regard  to  the  datum  planes  used  in  different  cases,  hence  the  above  heights  are 
sabject  to  some  error;  but  as  the  length  of  the  stream  between  the  points  mentioned  was  determined  only  by 
measurement  from  a  map,  this  error  is  unimportant. 

The  flow  of  the  stream  is  regulated  to  some  extent  by  a  number  of  lakes  in  its  basin,  but  they  are  so  small  that 
their  effect  is  hardly  perceptible,  so  that  the  river  is  subject  to  considerable  variations  in  volume.  The  freshets  rise 
in  places  to  a  height  of  30  feet,  and  the  minimum  flow  would  probably  be  quite  low  were  it  noif  for  the  very  large 
area  drained  by  the  stream.  No  gaugings  of  the  flow  could  be  obtained,  so  that  I  am  obliged  to  depend  entirely 
upon  estimates.  The  faciUties  for  storage  may  be  called  good,  and  there  are  numerous  sites  where  storage  reservoirs 
might  be  constructed ;  but  although  by  their  means  the  flow  of  the  small  tributaries  of  the  stream  might  easily  be 
regulated  so  that  the  maximum  flow  available  might  be  utilized,  it  would  be  a  stupendous  undertakiug  to  endeavor 
to  do  this  for  large  areas  like  those  drained  by  either  fork  of  the  stream.  The  power  estimated  as  the  "  maximum 
with  storage"  must  therefore  be  looked  upon  as  practically  altogether  unavailable. 

A  large  portion  of  the  drainage  basin  of  the  river,  namely,  that  part  in  the  central  and  western  parts  of 
Pennsylvania,  is  very  well  wooded,  and  lumbering  is  carried  on  very  extensively ;  other  parts  of  the  basin  are 
almost  cleared  of  forests  over  considerable  areas. 

The  mean  annual  rainfall  over  the  basin  is  about  39  or  40  inches,  of  which  10  fall  in  spring,  12  in  summer,  9  or 
10  in  autumn,  and  8  in  winter — a  distribution  quite  favorable  for  constancy  of  flow. 

As  the  river  is  descended  from  its  source  in  lake  Otsego,  no  important  water  powers  are  met  for  many  miles. 
I  did  not  personally  examine  the  stream  above  the  town  of  Susquehanna,  having  been  told  by  every  one  whom  I 
questioned  that  there  were  no  powers  of  note  above  that  place.  In  cases  where  a  stream  flows  with  a  uniform 
declivity,  and  with  no  large  utilized  powers,  it  was  of  course  impossible  for  me  to  obtain  much  information;  for  the 
rule  is  that  in  such  cases,  if  the  fall  is  great  enough,  power  can  be  obtained  by  damming  wherever  the  banks  are 
good  and  where  there  would  be  no  diflSiculty  on  account  of  flowage.  The  returns  of  the  enumerators  show  that  the 
stream  is  well  utilized  in  the  part  of  its  course  referred  to,  but  the  powers  and  the  falls  also  are  generally  small.  I 
heard  of  no  special  sites  not  used,  and  therefore  did  not  visit  this  part  of  the  river.  The  dams,  I  was  told,  are 
generally  primitive  brush  or  crib  dams,  and  many  of  the  mills  have  falls  of  only  3  or  4  feet. 
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At  Susquehanna  there  are  two  powers,  the  upper  one,  a  grist-  and  planing-mill,  using  a  fall  of  3  feet,  and  the 
lower  one,  a  grist-mill,  with  a  fall  of  4  feet. 

The  first  important  power  on  the  river  is  at  Binghamton,  Xew  York.  A  dam,  built  of  crib-work,  450  feet  long 
and  5J  feet  high  above  low  water,  extends  entirely  across  the  stream,  ponding  the  water  for  about  2  miles,  -with  an 
average  width  of  perhaps  500  feet.    A  race  500  feet  long  supplies  power  to  the  following  mills : 

1.  Saw-  and  planing-mill,  cabinet-  and  box-shop;  2.  Doolittle's  grist-mill;  3.  Machine-shop,  wood-working 
machinery,  wool  cards ;  4.  Tannery ;  5.  Factory  of  children's  sleds,  carriages,  etc. 

The  power  is  owned  jointly  by  the  owners  of  these  different  establishments,  and  the  method  of  distributing  the 
water  is  not  very  clear.  Full  capacity  can  be  obtained  during  about  ten  months,  and  it  sinks  during  the  low  season 
as  low  as  one-half.  All  the  mills  use  a  fall  of  about  5-J  feet,  and  a  total  power  of  something  like  250  or  300  horse- 
power, lu  the  low  season  no  water  runs  over  the  dam  in  the  day-time,  but  the  pond  is  not  large  enough  to  store 
all  the  flow  during  the  night.    The  race  is  about  80  feet  wide,  and  6  feet  deep  at  its  head. 

The  drainage  area  of  the  stream  above  Binghamton  measures  no  less  than  2,279  square  miles.  The  volume  of 
water  must  therefore  be  considerable — perhaps,  when  at  its  minimum,  about  340  cubic  feet  per  second,  affording  a 
gross  power,  with  a  fall  of  5J  feet,  of  about  215  horse-power. 

Below  Binghamton  there  is  no  power  of  importance  on  the  river  for  a  very  long  distance.  Above  the 
Pennsylvania  line  there  are  some  ripples  or  rapids,  and  several  small  mills,  with  falls  of  a  few  feet.  Such  mills 
are,  of  course,  "drowned  out"  in  times  of  high  water.  The  stream  in  this  part  of  its  course  is  from  500  to  1,000  feet 
wide. 

The  stream  has  been  surveyed  from  the  state  line  to  N'anticoke  dam,  below  Wilkesbarre,  by  the  United  States 
Engineers,  under  the  direction  of  Colonel  J.  N.  Macomb,  whose  report  is  to  be  found  in  the  Annual  Report  of  the 
Chief  of  Engineers  for  1880,  Appendix  F,  page  594.  Between  the  mouth  of  the  Chemung,  just  below  Athens,  and 
Towanda  there  have  been  three  mills,  no  longer  in  existence,  but  the  falls  were  small  and  the  power  unimportant. 
In  fact,  we  may  say  that  there  is  no  power  on  the  river  from  the  New  York  line  to  Nanticoke,  and  as  the  table  of 
declivity  shows,  the  fall  of  the  river  in  this  part  of  its  course  is  scarcely  over  2  feet  to  the  mile.  The  ripples 
separating  the  long  and  navigable  ponds  are  very  short,  and  have  falls  generally  of  but  a  few  inches,  "not  often 
reaching  2  feet,  and  seldom  exceeding  it".  There  are  places  where,  by  building  a  dam  which  would  pond  the  water 
for  several  miles,  falls  of  5  and  even  10  feet  could  be  obtained,  and  there  are  a  few  mills  on  the  river  now.  For 
instance,  beginning  about  a  mile  below  Ulster  there  is  a  fall  of  6  feet  or  so  in  a  little  over  2  miles ;  a  few  miles  below 
Mehoopany,  at  Horse  Race  falls  and  below,  there  is  a  fall  of  8  feet  or  so  in  about  a  mile ;  and  there  are  a  few  small 
mills  on  the  river  in  the  distance  referred  to,  with  falls  of  not  over  7  feet.  Although  power  could  no  doubt  be 
developed  by  building  dams,  and  although  the  volume  of  water  is  large,  yet  it  is  clear  that  on  account  of  the 
considerable  width  of  the  river  and  the  small  falls  obtainable,  the  facilities  for  water-power  are  decidedly  ijoor, 
especially  when  we  consider  the  heavy  freshets,  and  particularly  the  ice-jams,  to  which  the  river  is  subject.  It  is 
found  much  more  economical  to  utilize  the  small  tributaries  instead  of  the  river  itself. 

It  should  be  mentioned  here  that  there  was  at  one  time  a  canal  along  the  Chemung  and  the  Susquehanna,  above 
Wilkesbarre,  and  that  there  were  several  canal  dams  on  both  streams,  now  destroyed.  It  is  said  that  they  averaged 
8  or  10  feet  in  height,  but  I  was  not  able  to  determine  this  point  definitely. 

The  Nanticoke  dam,  which  backs  the  water  half  way  up  to  Wilkesbarre,  or  a  distance  of  about  4  miles,  is  the 
first  dam  below  Binghamton  extending  quite  across  the  river.  It  is  a  crib-dam,  900  feet  long,  and  6  feet  high  above 
low  water,  and  its  pool  is  used  for  navigation  for  several  miles.  A  certain  amount  of  power  is  available  at  the  dam, 
but  the  fall  is  so  small  that  there  would  probably  be  frequent  interruptions  on  account  of  high  water.  The  quantity 
of  water  diverted  for  the  purpose  of  feeding  the  canal  could  not  be  accurately  ascertained,  but  it  is  no  doubt  very 
small  compared  with  even  the  low-water  flow  of  the  river.  I  should  estimate  the  volume  of  water  in  the  stream 
during  the  low  season  of  dry  years  at  about  3,300  cubic  feet  per  second,  which  would  correspond  to  about  375 
gross  horse-power  per  foot  fall.  The  drainage  area  above  this  point  is  about  9,850  square  miles,  and  the  rainfall  39 
inches — 10  in  spring,  11  in  summer,  10  in  autumn,  and  8  in  winter.  As  this  site,  however,  is  situated  in  the  coal 
region,  where  fuel  is  cheap,  and  as  the  location  otherwise  is  said  to  be  unfavorable,  it  is  not  an  imi>ortant  available 
power. 

From  Nanticoke  to  the  mouth  of  the  West  branch  there  is  no  power  of  importance  on  the  stream.  There  are 
a  few  small  ripples  where,  by  building  dams,  falls  of  from  5  to  10  feet  could  perhaps  be  obtained,  but  none  of  them 
are  of  any  value,  not  even  Berwick  falls,  the  most  important,  where  the  fall  is  about  3  feet  in  200  yards,  over  some 
rock  ledges. 

It  may  be  as  well  to  mention  here  the  fact  that  at  various  j)oints  along  the  Pennsylvania  canal,  which  extends 
not  only  along  the  main  Susquehanna  from  Columbia  to  Wilkesbarre,  but  also  along  the  West  branch  and  the 
Juniata  river,  power  is  utilized  from  the  canal  to  a  small  extent,  the  water  being  either  discharged  into  the  river  or 
around  the  locks  to  lower  levels.  The  amount  of  power  thus  utilized  is  at  present  very  small,  and  there  is  a  quite  large 
traffic  on  the  canal,  so  that  the  question  of  water-power  is  of  minor  importance.    It  is  said,  however,  that  considerable 

power  could  be  utilized  at  the  locks,  where  water  is  continually  wasting  to  the  levels  below.    The  company  has 
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hitherto  been  disiuclined  to  lease  water  for  power,  aud  tbc  few  leases  tbiit  tliey  Lave  granted  are  mere  sufi'erances. 
The  company  guarantees  nothing,  aud  simply  allows  the  mills  to  use  the  surplus  water,  subject  to  interruption  at 
any  time,  according  to  the  pleasure  of  the  compauy.  The.  mills  pay  an  annual  rent,  vaiying  according  to  the  iall, 
the  size  of  the  mill,  the  ultimate  disposition  of  the  water,  and  other  circumstances,  aud  averaging,  perhaps,  $100; 
and  as  they  use  generally  powers  of  from  1.'0  to  GO  horsei)Ower  or  thereabout,  the  price  may  be  considered  as  from 
$13  to  $5  per  horsepower.  These  figures,  however,  are  very  rough,  no  measurements  of  the  water  ever  having  been 
made.  An  additional  charge  is  made  if  the  water  is  allowed  to  remain  in  the  canal  during  the  winter,  as  it  is 
usually  drawn  off  at  that  season  of  the  year. 

Ou  the  North  branch  there  are  three  "of  these  mills  using  water  from  the  canal,  viz,  a  grist-mill  at  Beach  Haven, 
using  the  fall  of  a  lock  (9.75  feet),  a  keg  factory  at  Rupert,  with  a  iall  of  10  IVet,  aud  the  pumping  machinery  at 
Berwick,  which  supplies  the  town  with  water,  with  a  fall  of  7  feet.  The  water  is  generally  drawn  off  during  the 
winter.     Some  data  regarding  the  power  available  from  the  canal  will  be  found  ou  page  04. 

Just  below  the  junction  of  tlie  North  and  West  branches  of  the  river  is  the  second  canal  dam,  at  Sunbury.  It 
is  2, GOO  feet  long  and  7.5*feet  high  above  low  water,  and  its  |)ond  is  used  for  navigation  for  2J  miles.  It  supplies 
no  power,  though  a  considerable  amount  could  be  used,  subject,  however,  to  frequent  inter'rujjtions.  The  site  is  not 
a  very  lavorable  one,  on  that  account,  although  the  volume  of  water  is  very  large — being,  according  to  my  estimates, 
not  less  than  4,350  cubic  feet  i)er  second  when  at  its  minimum,  and  0,100  during  the  low  season  of  dry  years.  The 
former  quantity  would  correspond  to  nearly  500  gross  horse-power  per  foot,  and  the  latter  to  nearly  700.  The 
drainage  area  above  this  place  is  over  17,000  square  miles. 

There  is  no  power  on  the  river  between  this  dam  and  the  next  canal  dam,  at  Clark's  Ferry,  just  above  the  mouth 
of  the  Juniata.  This  dam  is  1,955  feet  long  and  7  feet  high,  and  backs  the  water  2  miles.  In  its  pond  boats  cross 
the  river.  The  fall  could  no  doubt  be  used  for  power,  and  theoretically  a  very  large  amount  would  be  available, 
the  drainage  area  being  about  18,829  square  miles.  I  should  judge  that  the  flow  during  the  low  season  of  dry 
years  would  be  not  less  than  6,600  cubic  feet  per  second,  affording  750  gross  horse-power  per  foot.  There  would  of 
course  be  trouble  with  backwater,  and  it  would  probably  not.  be  economical  to  use  much  iiower. 

Two  saw  mills  use  power  from  the  canal  between  Sunbury  and  Clark's  Ferry,  one  at  Trevorton  locks,  using  a 
fall  of  8  feet,  aud  one  at  Liverpool  lock  with  a  fall  of  7  feet. 

The  next  power  as  the  stream  is  descended  is  at  Conewango  (or  Conewago)  falls,  just  below  the  mouth  of 
Conewago  creek,  and  about  5  miles  below  I\Iiddletown.  These  falls  are  the  most  important  on  the  river  above 
Columbia.  According  to  measurements  with  a  pocket-level,  the  fall  amounts  to  7  or  8  feet  in  less  than  a  mile,  and 
I  think  it  probable  that  by  means  of  a  dam  a  fall  of  10  or  12  feet  could  be  utilized  at  this  place.  The  width  of  the 
stream  is  nearly  a  quarter  of  a  mile  at  the  head  of  the  falls,  and  from  800  to  1,000  feet  at  the  foot.  The  bed  is 
rocky  and  the  banks  covered  with  rocks  and  bowlders.  The  facilities  for  building  are  not  very  good  on  the  east  • 
side,  on  account  of  the  canal  and  the  railroad,  which  follow  the  bank  quite  closely,  leaving  little  or  no  room  in  times 
of  high  wal:er;  still  the  power  might  be  utilized  on  this  side,  and,  in  fact,  there  was  once  a  canal  cut  there,  serving 
to  let  I'afts  pass  the  falls,  and  at  the  same  time  supplying  power,  it  is  said,  to  a  small  saw-mill.  No  water  runs  in 
this  canal  now,  aud  it  is  entiruly  filled  with  Klvhria  and  the  alluvium  deposited  by  the  river.  The  water  was  turned 
into  it  by  a  short  dam  at  its  head,  extending  across  to  an  island,  and  not  over  300  feet  long.  By  means  of  several 
islands  in  the  stream,  a  large  amount  of  water  could  easily  be  turned  to  either  bank  without  a  dam  entirely  across 
the  river.  On  the  west  side  there  is  also  a  canal,  formerly  used  to  supply  power  to  two  mills  at  the  lower  end  and 
to  carry  boats  by  the  falls.  The  fall  used  was  about  8  feet.  There  was  one  guard  and  one  outlet  lock,  and  a  wing, 
dam  at  the  head  of  the  canal,  now  in  bad  condition,  though  not  entirely  carried  away.  This  canal  could  be  cleaned 
out  without  much  diflflculty,  and  the  fall  utilized  at  the  lower  end;  and  on  the  whole  the  building  facilities  are  better 
on  this  side  than  on  the  other.  The  river  seldom  rises  over  8  feet  here,  it  is  said,  and  never  runs  over  into  the 
canal  just  described.  The  Northern  Central  railroad  runs  close  by  the  bank  of  the  river,  so  that  the  facilities  for 
transportation  by  rail  are  equally  good  on  either  side  of  the  river. 

The  next  power  is  at  Columbia,  where  we  come  to  the  lowest  canal  dam  on  the  river.  The  structure  is  C,S0O 
feet  long  and  7-J  feet  high.  Power  is  available  only  on  the  eastern  shore,  where  a  small  amount  is  already  used  for 
a  saw-mill.     The  power  theoretically  available  is  estimated  on  page  C4. 

Between  Clark's  Ferry  and  Columbia  there  are  a  few  small  mills  using  power  from  the  canal;  one,  a  saw-mill, 
just  below  Clark's  Ferry,  takes  water  from  the  river  aud  uses  a  fall  of  from  G  to  8  feet ;  a  grist-mill  at  Harrisburg 
uses  a  fall  of  15  feet,  feeding  to  the  river;  and  the  canal  company  has  some  shops  at  Harrisburg,  with  a  fall  of  11 
feet,  feeding  to  the  canal. 

From  Columbia  to  the  mouth  of  the  river  there  is,  according  to  what  has  been  said  on  pages  CO  and  Gl,  a  large 
amount  of  power,  the  fall  being  large.  There  are  numerous  rapids,  and  numerous  places  where  small  mills  might  be 
located,  but  it  would  seem  that  the  banks  are  not  very  favorable  for  the  development  of  large  powers,  while  the 
width  and  swiftness  of  the  river  would  no  doubt  render  dams  very  expensive.  Besides,  the  canal  on  the  west 
and  the  railroad  on  the  east,  both  following  the  river  pretty  closely,  might  interfere  with  the  development  of  some 
sites.     Perhaps  the  best  opportunity  for  the  utilization  of  power  within  this  distance  is  afibrded  at  the  lower  part 
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near  the  mouth  of  the  river,  where  there  is  a  canal  9  miles  long,  extending  from  Peach  Bottom  to  a  point  a  mile  above 
Port  Deposit,  and  originally  constructed,  many  years  ago,  for  purposes  of  navigation,  as  well  ns  with  the  object  of 
supplying  a  certain  amount  of  power.  A  wing-dam  was  built  at  its  head,  but  it  is  no  longer  in  existence,  and  the 
canal  is  much  filled  up.  The  total  fall  is  stated  at  80  feet,  and  there  were  locks  as  follows :  At  the  head,  a  guard- 
lock  with  a  lift  of  a  few  feet ;  at  Conewingp,  3  miles  below  the  head,  locks  with  a  total  lift  of  20  feet ;  at  Octarara, 
22  feet ;  at  the  "  burnt  mill ",  24  feet ;  and  an  outlet-lock,  12  feet.  It  was  intended  to  use  considerable  power  at  eack 
lock,  exce])cing  the  guard-  and  outlet-locks,  and  several  small  mills  were  built,  but  they  have  not  been  in  operation 
for  many  years.  The  old  locks  are  all  gone;  but  if  it  were  desired  to  develop  .power  in  this  vicinity  I  think  that  a 
large  amount  could  easily  be  rendered  available  here.  Itis  no  doubt  the -best  site  in  the  vicinity  for  a  large  [)ower, 
and  in  fact  the  best  site  on  the  river.  The  canal  could  be  made  to  intercept  the  waters  of  a  number  of  streams 
which  now  flow  into  the  river,  viz,  Octarara,  (Jonewingo,  and  Pishing  creeks. 

The  preceding  pages  show  that  the  Susquehanna  river  oflers  a  very  small  amount  of  power  in  comparison  with 
its  size,  and  that  there  are  only  four  or  five  sites  at  all  worthy  of  attention.  Passing  as  it  does  thiough  the  coal- 
fields, it  is  not  probable  that  much  power  will  be  used  on  the  river  for  some  time  to  come,  Especially  so  long  as  good 
small  powers  can  be  found  on  the  tributary  creeks.  The  expense  of  building  the  long  dams  which  any  extensive 
utilization  of  power  would  render  necessarj",  and  of  maintaining  them  against  the  heavy  freshets  and  ice  jams  of 
the  river,  and  the  small  fall  available  in  all  except  a  few  places,  render  the  stream  of  small  value  for  power  in 
comparison  with  its  size.  It  is,  no  doubt,  more  suited  for  improvement  as  a  channel  of  communication  than  as  a 
source  of  power. 

The  following  table  gives  a  summary  of  the  power  available  on  the  stream  at  the  sites  specially  referred  to  in 
the  preceding  pages.  The  maximum  power  available  with  storage  has  not  been  estimated,  because  of  its  being 
practically  unavailable.  And  it  must  be  specially  remarked  that  on  account  of  the  great  size  of  the  stream  even 
the  other  powers  estimated  in  the  table  are  not  fully  available.  Although  power  could  be  used  at  each  dam,  it 
would  manifestly  be  impracticable  to  turn  even  the  minimum  flow  of  the  stream  to  either  side,  except  at  Binghamton 
so  that  from  a  practical  point  of  view  all  that  can  be  said  is  that  at  each  of  the  sites  named  above  a  certain  small 
amount  of  power  can  be  economically  used. 

Summary  of  power  on  the  Susquehanna  rivfer. 


Locality. 


Bingtamtou 

Nantieolie  dam 

Sunbury  dam 

Clark's  Ferry  dam. 

Conewago  falls 

Columbia  dam , 

Port  Deposit  canal 


Dis- 
tance 

from 
mouth. 


Miles. 
318 
174 
122 

81 

67 

43 


Drainage 
area. 


RAINFALL  ON  HASIN. 


Spring. 


Bq.  miles.  H  Inches. 


2,279 
9,850 

17,  425 

18,  829 
23,  860 
24, 835 
20,  000 


9 

10 
10 
10 
10 
10 
10 


Sum- 
mer. 


Inches. 
11 
11 
12 
12 
12 
12 
12 


Au- 
tumn. 


Inches. 
10 
10 
10 
10 
10 
10 
10 


Winter. 


Indies. 
8 
8, 
8 
8 


Year. 


Inches.    Miles. 


TOTAL  FALL. 


Length. 


40 
40 
40 
40 
40 


Height. 


Feet. 

5.5 

6.0 

7.5 

7.0 
10.  0± 

7.5 
80.0 


BOBSE-POWEU  AVAILABLE, 
GK06H.(a) 


Mini- 
mum. 


215 
1,540 
3,700. 
3,750 
8,1004 
0,350 
71,000 


Mini- 
mum low 
Bcason. 


Low 

season, 
dry  yeaj'S 


300 
1,875 
4,450 
4,600 
9,400 
7,400 
82,  800 


350 
2,250 
5,200 
5,250 

10,  800 
8,450 

94,  COO 


Hemarlis. 


Dam  5.5  feet  hi^ 
Dam  6  feet  higlfc 
Dam  7.5  feet  higji. 
Dam  7  feet  high. 
See  description. 
Dam  7.5  feet  high. 


a  See  pages  8  to  11.    The  utilized  power  on  the  stream  and  its  tributaries  is  tabulated  on  pages  80  to  89. 


In  regard  to  the  amount  of  power  available  from  the  Pennsylvania  canal,  it  depends  upon  whether  the  water 
is  discharged  into  the  river  or  into  a  lower  level.  As  regards  the  power  available  at  the  locks,  the  chief  engineer 
of  the  canal,  Mr.  Thomas  T.  Wierman,  has  been  to  the  trouble  of  having  measurements  made  of  the  flume-water, 
or  the  water  flowing  around  the  locks  in  the  flumes,  for  supplying  the  lower  levels,  and  he  states  that  on  the  eastern 
division  of  the  canal,  from  Clark's  Ferry  dam  to  Columbia,  there  are  15  lift-locks,  with  an  average  lifti  of  8.G  teet 
each,  and  an  average  flow  around  the  locks  of  125  cubic  feet  per  second.  This  would  afford  a  theoretical  or  gross 
power  of  14.2  horse-power  per  foot,  or  a  total  of  over  1,800  gross  horse  power.  It  is  said  that  a  large  proi)ortion  of 
this  could  bo  easily  utilized. 

It  may  be  as  well  to  give  here  Mr.  Wierman's  figures  for  all  the  remaining  divisions  of  the  canal.  On  the 
lower  West  Branch  division,  from  Northumberland  to  Clark's  Ferry  dam,  there  are  9  lift  locka^  with  an  average  lift 
of  7.1  feet,  and  an  average  flow  around  them  of  87  cubic  feet  per  second,  affording  a  total  gross  power  of  nearly  C50 
horse-power.  Ou  the  Wyoming  division,  from  Nanticoke  dam  to  Northumberland,  there  are  7  lilt-locks,  with  an 
average  lift  of  9  feet,  and  an  average  flow  of  150  cubic  feet  per  second,  aflbrding  in  all  1,071  gross  horse-power.  On 
the  upper  West  Branch  division,  from  Lock  Haven  to  Northumberland,  there  are  10  locks,  averaging  0  feet  each, 
with  60  cubic  feet  per  second,  or  a  total  power  of  720  gross  horse-iiower.  On  the  Juniata  division,  from  Huntington 
dam  to  the  Susquehanna,  there  are  34  lift-locks,  with  an  average  lift  of  7  feet,  and  54  cubic  feet  per  second,  or,  in 

all,  1,401  gross  horse-power. 
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The  use  of  these  powers  does  not  interfere  with  the  navigation  on  the  canal.  Although  at  each  lock  the  power 
available  is  small,  there  seems  to  be  no  reason  why  it  could  not  in  very  matiy  cases  be  easily  and  advantageously 
utilized. 

TEIBUTAEIES  OF  THE  NOETH  BEANCH  OF  THE  SUSQUEHANNA  EIVEE. 

A  list  of  the  more  important  tributaries  above  the  Chemung,  with  their  drainage  areas,  will  be  found  in  the 
table  on  page  78,  and  in  the  table  of  utilized  power  will  be  found  a  statement  of  the  total  power  utilized  on  them. 
As  a  rule,  they  seem  to  be  well  improved,  and  are,  doubtless,  better  suited  for  power  than  the  main  stream.  They 
flow  in  beds  of  sand  aud  gravel,  with  no  natural  falls;  but  their  declivities,  though  generally  gradual,  are  steeper 
thau  that  of  the  main  river,  and  the  falls  utilized  at  the  mills  are  sometimes  quite  large,  the  mills  beiug  generally 
saw-  and  grist-mills,  using  only  small  amounts  of  power.  There  are  lakes  on  some  of  these  streams,  sometimes 
covering  sufficient  area  to  regulate  their  flow  to  a  considerable  extent.  Lake  Otsego,  at  the  head  of  the  river,  is 
about  7J  miles  long,  and  1 J  mile  wide,  and  Oak  creek,  the  first  tributary  of  any  note,  rises  in  Schuyler's  lake,  a  sheet 
of  water  nearly  4  miles  long  and  about  a  mile  wide.  These  are  the  only  large  sheets  of  water,  but  there  are 
numerous  small  ones,  covering  from  a  few  acres  to  nearly  a  square  mile.  Estimates  of  the  flow  of  these  tributaries 
are  scarcely  necessary.  The  Chenango  river,  the  most  important  of  them,  drains  an  area  of  1,540  square  miles, 
taking  its  rise  in  Madison  county,  and  flowing  south  through  Madison,  Chenango,  and  Broome,  and  by  the  towns  of 
Sherburne,  Norwich,  and  Oxford,  emptying  into  the  Susquehanna  at  Binghamton.  At  this  place  there  is  a  power 
which  will  give  an  idea  of  the  water  power  m  the  vicinity.  A  dam  at  the  head  of  Noyes'  island,  1.200  feet  long  and 
3  feet  high,  built  of  brush  and  stone,  turns  the  water  to  one  side,  and  at  the  foot  of  the  island,  which  is  1,-300  feet 
long,  a  second  dam  40  feet  long  and  5  feet  high  connects  it  with  the  shore,  and  here  the  mills  are  located,  comi>rising 
a  grist-mill,  a  comb  factory,  and  a  brush  factory.  The  privilege  is  owned  by  E.  M.  &  J.  P.  Noyes,  who  operate  the 
comb  factory  and  rent  the  other  two  mills,  the  fall  used  being  5  feet  at  low  water.  Full  capacity  can  be  obtained  for 
about  nine  months  of  the  year,  the  power  utilized  being  stated  as  about  125  (?)  horse-power.  There  is  also  occasional 
trouble  on  account  of  backwater,  the  water  rising,  it  is  said,  to  a  height  of  22  feet  in  extreme  freshets,  though  not 
ordinarily  above  12  or  14  feet.  It  is  stated  that  in  dry  seasons  the  mills  use  all  the  water  in  the  river.  Three 
miles  above  Binghamton,  at  Port  Dickinson,  there  is  a  second  power,  the  fall  being  about  5  feet,  with  a  dam  550 
feet  long  and  4  or  5  feet  high.  The  power  is  utilized  by  a  paper  mill,  a  grist-mill,  and  a  flour-mill,  using  together 
some  150  horsepower.(a)  Full  capacity  can  be  obtained  during  only  about  ten  months.  There  are  numerous  small 
saw  and  grist-mills  on  the  main  stream  and  its  tributaries,  above  this  point,  but  none  are  of  importance.  The 
stream  is  bordered  in  many  places  by  bottoms  subject  to  overflow. 

Owego  creek,  which  joins  the  Susquehanna  just  below  Owego,  draining  about  391  square  miles,  has  a  number 
of  small  mills.  Its  power  is  said  to  be  quite  well  utilized,  and  with  the  exception  of  a  mill  at  the  mouth,  which  has 
a  fall  of  16  feet,  with  a  race  three-quarters  of  a  mile  long,  the  falls  are  generally  6  or  8  feet. 

Shepard's  creek,  or  Cayuta  creek,  heading  in  Cayuta  lake,  in  Schuyler  county,  though  a  small  stream,  draining 
only  about  148  square  miles,  is  utilized  to  a  considerable  extent  by  grist-  and  saw-mills,  a  tannery,  and  a  paper-mill. 
Near  the  mouth  there  was  a  woolen-mill,  burned  several  years  ago,  but  the  dam  is  still  there,  and  the  available  fall 
is  12  or  13  feet,  with  a  race  half  a  mile  long.  Near  the  mouth  is  also  a  flour-mill,  with  a  fall  of  12.5  feet  at  low 
water,  aud  using,  in  connection  with  a  plaster  mill,  some  80  or  100  -horse-power,  (?)  and  with  no  waste  in  summer. 
It  is  said  that  there  are  several  unimproved  sites  on  the  stream  besides  that  of  the  old  woolen-mill. 

The  Chemung  river,  the  most  important  affluent  of  the  North  branch,  has  its  sources  in  Pennsylvania 
and  New  York,  but  the  main  stream  is  formed  in  Steuben  county.  New  York,  at  the  town  of  Painted  Post,  by 
the  union  of  the  Tioga  and  Conhocton  rivers,  whence  it  pursues  a  general  southeasterly  course,  passing  into 
Ohemung  county,  and  finally  joining  the  Susquehantia  in  Bradford  county,  Pennsylvania,  just  south  of  the 
state  line,  after  having  drained  a  total  area  of  some  2,500  square  miles.  Measured  in  a  straight  line,  the  length  • 
of  the  stream  is  about  35  miles,  and  the  only  towns  of  importance  by  which  it  flows  are  Corning,  Elmira,  and 
Athens.  There  was  once  a  canal  along  the  stream,  and  it  is  said  that  there  were  three  canal  dams  on»the  river, 
one  at  Athens,  one  at  Corning,  and  one  at  an  intermediate  point,  but  no  traces  of  them  are  now  to  be  seen.  The 
character  of  the  drainage  basin  of  the  stream,  which  flows  with  a  iiniform  declivity  over  a  bed  of  sand  and 
gravel,  with  no  falls  and  few  rapids,  resembles  that  of  the  Chenango.  That  part  of  it  lying  in  Pennsylvania 
is  perhaps  rather  more  broken,  and  the  elevation  of  the  water-shed  which  forms  its  boundary  is  also  greater 
than  in  New  York,  attaining  to  1,650  or  1,700  feet  at  the  head-waters  of  the  Tioga  and  Geuesee,(6)  while  the 
elevation  of  the  summit  between  the  Chemung  river  and  Seneca  lake  is  only  890  feet.(cj  There  are  a  lew  small 
lakes  in  the  basin,  but  they  are  not  large  enough  to  regulate  the  flow  to  a  great  extent,  so  that  the  stream  is 
subject  to  quite  heavy  freshets,  and  is  considered  more  variable  in  flow  than  the  Susquehanna.  In  March,  1805, 
the  water  rose  24  feet  at  Elmira,  and  probably  higher  at  other  i)laces.     Such  freshets,  together  with  the  ice-jams 


a  The  power  used  can  not  be  stated  exactly,  and  this  figure  may  be  considerably  in  error. 

6  Rogers'  Geologij  of  Pennsylvania,  p.  4. 

c  Geology  of  New  York.  r„„ 
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which  occur,  would  be  destructive  to  high  dams,  but  the  existing  ones,  being  low  brush  or  crib- work  structures, 
are  not  often  injured.  Sheet-piling  is  sometimes  used  in  their  construction,  where  the  bed  of  the  stream  is  very 
pervious.  The  powt^r  used  on  the  river  is  altogether  insignifieant,  there  being  no- rapids  with  falls  of  over  a 
few  feet,  the  slope  of  the  stream  being  not  greater  than  about  4  feet  per  mile,  and  there  are  few  available  sites 
not  used.  A  mile  below  Athens  there  is  a  grist-mill  with  a  brush  and  timber  dam  600  feet  long  and  2  feet  high, 
with  a  fall  of  4  or  5  feet,  and  utilizing  from  25  to  50  horse-power.  At  Athens  there  was  once  a  canal  dam,  said 
to  have  been  9  feet  high,  and  backing  the  water  a  considerable  distance.  There  is  little  natural  fall  in  the  river, 
and  such  sites  might  be  found  at  a  number  of  places,  fall  being  obtained  by  backing  up  the  water  and  overflowing 
more  or  less  land.  At  Tozer's  bridge,  a  mile  and  a  half  above  Athens,  there  is  a  small  fall  available,  and  several 
mills  were  once  located  there.  Several  similar  sites  exist  below  Elmira,  at  which  place  there  is  a  gristmill,  with  a 
fall  of  5  feet,  and  using  about  60  horse-power ;  while  above  that  point  there  are  also  a  few  small  rapids,  none  of  any 
consequence,  although  power  could  no  doubt  be  obtained  by  damming. 

The  Oonhocton  river,  which  rises  in  Livingston  county  and  flows  southeast  into  Steuben  to  join  the  Canisteo 
at  Painted  Post,  drains  an  area  of  about  GOO  square  miles,  and  is  said  to  be  the  best  stream  for  power  in  the 
neighborhood.  The  table  on  page  83  will  show  that  it  is  used  quite  extensively  for  small  mills,  the  falls  being 
generally  8  or  9  feet.  Its  flow  is  said  to  be  more  steady  than  that  of  any  other  large  stream  in  the  vicinity,  on 
account  of  numerous  springs  and  several  small  lakes,  and  the  powers  are  therefore  better.  The  dechvity  of  the 
stream  is  uniform,  and  no  sites  not  used  were  brought  to  my  notice,  although  it  is  probable  that  some  power  could 
be  developed  by  damming  in  many  places.  Many  of  the  mills  have  to  stop  running  during  the  dry  season,  or  are 
obliged  to  run  at  greatly  reduced  capacity. 

The  Tioga  river,  and  its  tributary  the  Canisteo,  are  similar  in  general  character  to  the  Couhocton,  and  are  utilized 
by  small  saw-  and  grist-mills.  They  offer  no  falls  or  rapids  of  importance.  Their  flow  is  said  to  be  much  more 
variable  than  formerly,  on  account  of  the  clearing  of  the  land.  The  fall  of  these  streams  is  probably  greater  than  that 
of  the  Couhocton,  but  their  declivities  are  uniform.  The  banks  are  higher  and  the  country  is  more  broken,  and  the 
mill-ponds  are  therefore  small,  and  there  are  no  other  artificial  reservoirs  of  any  kind.  The  freshets  are  said  to  be 
very  violent,  and  the  dams  so  subject  to  undermining  that  they  are  frequently  built  on  piling.  The  falls  vary  from 
5  to  10  feet,  and  the  mills  generally  have  from  2  to  4  pairs  of  stones. 

It  is  evident  from  the  above  that  the  drainage  basin  of  the  upper  Susquehanna  is  not  favorable  for  the 
development  of  large  powers,  although  a  large  number  of  smaller  powers  may  be  obtained  artificially. 

After  receiving  the  Chemung,  the  Susquehanna  passes  from  the  plateau  of  New  York  into  the  real  mountain 
district,  and  its  tributaries  have  more  fall  than  farther  north,  or  at  least  they  offer  better  sites  for  power,  having 
more  numerous  rapids,  and  sometimes  cataracts,  with  beds  of  solid  rock.  They  are  utilized  to  a  considerable  extent, 
generally  by  saw-  and  grist-mills,  but  none  of  them  being  large  streams,  they  may  be  dismissed  very  briefly. 

Sugar  creek,  from  the  west,  is  utilized  by  a  number  of  saw-  an^  grist-mills,  the  latter  with  from  2  to  4  pairs  of 
stones.     It  has  no  falls,  so  far  as  I  could  learn. 

Towanda  creek,  from  the  west,  is  similar,  and  a  few  small  lakes  ard  tributary  to  it.  Some  of  the  small  tributaries 
of  these  streams  have  large  falls. 

Wysox  creek,  from  the  east,  runs  a  few  small  mills;  and  Wyalusing  creek,  from  the  same  side,  has  been  quite 
well  improved,  but  some  sites  formerly  occupiecj  by  saw-mills  have  been  abandoned  as  the  country  became  cleared. 
Almost  all  of  the  mills  in  this  vicinity  are  short  of  water  during  the  summer.  The  falls  average  8  or  9  feet,  and  the 
dams  are  generally  of  brush  or  crib- work. 

Mehoopany  creek,  from  the  west,  is  a  rapid  stream,  but  has  no  falls,  so  far  as  I  could  learn.  It  is  utilized  by 
a  few  mills. 

Bowman's  creek,  also  from  the  west,  is  said  to  have  a  fall  of  15  feet  about  8  miles  from  its  mouth,  utilized  by 
a  saw-mill  with  a  total  fall  of  27  feet,  the  dam  being  12  feet  high.  There  is  said  to  be  an  unimproved  site  20  miles 
from  the  mouth,  but  the  stream  must  be  very  small  there.  One  of  its  tributaries,  Leonard's  creek,  is  said  to  have 
a  number  of  natural  falls,  some  unimproved. 

Meshoppen  creek,  from  the  east,  is  said  to  have  two  foils  within '300  feet  of  each  other,  a  mile  and  a  quarter  from 
the  mouth,  each  of  20  feet,  and  unimproved.  The  elevation  of  the  stream  at  its  mouth,  according  to  information 
furnished  by  Mr.  Eobert  H.  Sayre,  chief  engineer  of  the  Lehigh  Valley  railroad,  is  610  feet,  while  at  the  crossing 
of  the  Montrose  railroad,  12  miles  above,  measured  on  the  map,  it  is  925  feet,  according  to  the  engineer,  Mr.  Ansart; 
so  that  the  fall  is  very  large  within  that  distance.  It  is  probable  that  all  the  streams  in  this  neighborhood  have  steep 
declivities. 

Tunkhannock  creek,  from  the  east,  is  the  largest  tributary  of  the  North  branch  below  the  Chemung,  draining 
over  400  square  miles.  Eegarding  its  power,  however,  I  have  no  particulars  except  what  is  contained  in  the  table 
of  utilized  power.  I  heard  of  no  falls  on  the  stream,  although  it  was  stated  that  there  were  numerous  rapids  where 
power  could  be  developed.  The  stream  is  utilized  only  by  small  mills,  with  3  or  4  pairs  of  stones.  There  are 
several  small  lakes  in  the   drainage  basin,  the  largest  being  Marcy  lake,  covering,  it  is  said,  200  acres,  and 

just  below  the  lake,  on  the  outlet  leading  to  the  Tunkhannock,  a  natural  fall  of  30  feet  is  reported,  not  in  use, 
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while  on  the  same  stream  a  fall  of  some  20  or  1*5  feet  is  used  by  a  toy  factory,  the  power  being  very  constant.  The 
elevation  of  the  lake  is  given  as  957  feet  by  Mr.  Ausiut,  engineer  of  the  Montrose  railroad.  Fall  creek,  the 
outlet  of  lake  Wynola  (?),  has  also  some  large  falls,  and  it  is  said  that  there  is  a  dam  at  the  outlet  of  the  lake. 
There  seem  to  be  a  number  of  small  undeveloped  powers  in  this  vicinity,  and,  on  account  of  the  lakes,  some  of  them 
may  be  valuable. 

The  Lackawanna  river,  from  the  east,  enters  the  Susquehanna  at  Pittston  and  drains  an  area  of  nearly  325 
square  miles.  Eisiug  in  Susquehanna  and  Wayne  counties,  it  jiursucs  a  southerly  and  southwesterly  course,  passing 
into  Lackawanna  and  Luzerne  counties  and  draining  a  long  and  narrow  basin.  It  has  tributary  to  it  a  number  of 
small  lakes.  Like  the  other  tributaries  which  have  been  mentioned,  it  has  some  falls  and  rapids,  with  a  rock  bed 
in  places,  and  is  utilized  for  small  mills  of  various  kinds.  During  the  ])ast  few  years  the  land  has  been  rapidly 
cleared  in  the  basin,  and  great  comj)laiut  is  made  that  the  flow  of  the  stream  is  much  more  variable  than  formerly 
and  that  the  water-power  is  of  small  value.  The  fact  that  luel  costs  very  little  in  this  vicinity  has  also  the  effect  of 
diminishing  the  value  of  the  water-power.  The  stream  is  moreover  said  to  be  so  polluted  by  the  water  pumped  from 
the  mines  that  no  animal  can  live  in  it;  and  it  is  said  to  rapidly  corrode  cast  iron,  so  that  wheels  and  gates  have  to 
be  re[»laced  at  short  intervals.  As  regards  shoals  and  mills,  there  is  said  to  be  a  succession  of  rapids  near  the  mouth 
of  the  stream,  with  a  total  fall  of  some  20  or  30  feet  in  half  a  mile,  utilized  to  some  extent,  but  not  completely.  At 
Providence,  about  12  miles  from  the  mouth,  there  is  an  ax  factory,  with  a  fall  of  10  feet.  -  Above  are  a  number  of 
saw-  and  grist-mills  and  a  few  powder-mills,  and  the  power  of  the  stream  or  its  tributaries  is  also  used  to  some 
extent  for  pumping  out  mines.  Eoaring  brook  and  Spring  brook,  small  tributaries  of  the  Lackawanna,  are  utilized 
for  saw-  and  grist-mills,  but  the  powers  are  all  small,  and,  although  on  the  former  there  are  some  falls  near  Scrauton, 
they  are  of  not  much  value  for  power. 

Harvey's  creek,  which  enters  the  Susquehanna  from  the  west,  just  above  the  Nanticoke  dam,  is  the  outlet  of 
Harvey's  lake,  which  is  said  to  cover  about  a  square  mile,  and  is  dammed  at  its  outlet  by  a  stone  dam  C  feet  high. 
The  flow  of  the  stream  is  thus  regulated  to  a  considerable  extent,  and  its  power  is  said  to  be  the  best  in  the  vicinity, 
the  fall  being  quite  large  and  the  bed  often  rock.     It  is  utilized  by  some  10  or  12  mills,  mostly  saw-mills. 

Hunlock's  creek,  emptying  4  miles  below  Nanticoke,  from  the  west,  has  its  source  in  a  pond,  partly  artificial, 
and  is  similar  in  character  to  Harvey's  creek,  except  that  its  flow  is  not  so  regular.  Near  its  mouth  there  is  said 
to  be  a  natural  fall  of  30  or  40  feet,  not  utilized,  and  all  the  tributaries  to  the  Su.'-quehanna  in  this  immediate 
neighborhood,  where  it  leaves  the  Wyoming  valley  and  cuts  through  the  mountains,  have  very  steep  declivities,  and 
often  rapids  and  cataracts,  over  beds  of  solid  rock.  The  great  trouble  with  most  of  them  is  their  variable  flow. 
Although  quite  well  utilized,  numerous  sites  may  be  found  on  almost  all  of  them. 

Shickshinny  creek,  the  next  tributary  from  the  west,  is  like  the  others,  but  perhaps  even  more  variable  in  flow 
than  Hunlock's  creek. 

Big  and  Little  Wapwallopen  creeks,  from  the  east,  enter  the  river  below  Nanticoke,  and  resemble  the  streams 
just  described.  The  former  is  very  small,  and  the  latter  is  also  a  small  stream,  but  has  considerable  utilized  power. 
About  a  mile  above  its  mouth  it  has  a  large  fall,  amounting  to  200  feet  or  over  in  about  2  miles,  which  is  utilized 
to  a  considerable  extent  by  Dupont  &  Co.'s  powder-mills.  As  the  stream  is  ascended  we  fiist  come  to  a  grist-mill, 
with  a  fall  of  22  feet,  a  race  a  mile  long,  and  a  dam  6  feet  high;  then  a  powder-mill,  with  a  fall  of  36  feet,  a  flume 
3011  feet  long,  and  a  dam  4  feet  high;  then  another  powder-mill,  with  a  fall  of  18  feet,  a  race  of  500  feet,  and  a  dam 
12  feet  high;  then  another,  with  a  fall  of  8  feet,  a  dam  of  the  same  height,  and  no  race;  then  still  others,  along  a 
race  3,200  feet  long,  the  fall  being  119  feet  at  its  lower  end,  and  the  dam  4  feet  high;  then  a  fall  of  30  feet  unimproved, 
and  not  very  favorable,  and,  finally,  a  number  of  grist-  and  saw-mills  on  the  ujiper  part  of  the  stream.  The  j)ower 
used  at  the  powder-mills  aggregates  about  275  horse  power,  but  full  capacity  can  be  obtained  during  only  six 
months.    There  are  said  to  be  few  good  sites  not  utilized. 

Nescopec  creek,  which  enters  the  river  opi)osite  Berwick,  resembles  the  creek  just  described,  but  has  not  so 
much  fall,  though  a  much  larger  stream.     I  heard  of  no  unimproved  sites,  and  none  of  the  mills  are  large. 

Fishing  creek,  which  enters  from  the  west  just  below  Bloomsburg..has  its  sources  in  Sullivan  county,  and  flows 
south  into  Columbia,  draining  an  area  of  at  least350  square  miles.  It  is  well  utilized  by  grist-  and  sawmills,  paper- 
mills,  and  furnaces,  and  there  are  said  to  be  some  sites  yet  unimproved.  The  falls  used  are  sometimes  quite  large, 
the  greater  part  being  obtained  by  damming.  The  stream  is  a  good  one  for  power,  but  its  flow  is  quite  variable, 
there  being  only  two  or  three  very  smiiU  lakes  tributary  to  it. 

Catawissa  creek,  from  the  east,  is  the  last  tributary  of  the  Korth  branch  which  calls  for  remark,  rising  in 
Schuylkill  county  and  emptying  into  the  river  at  Catawissa.  It  has  no  lakes,  and  its  fall  is  said  to  be  uniform  ;  yet 
its  flow  is  said  to  be  tolerably  constant.  Like  the  other  streams  in  the  vicinity,  it  is  utilized  by  small  mills  of 
various  kinds. 

As  regards  the  rainfall  over  the  basins  of  these  tributaries,  in  New  York  state  it  is  xibout  36  or  37  inches, 
of  which  9  fall  in  spring,  10  in  summer  and  in  autumn,  and  8  in  winter.  In  some  parts  it  is  smaller,  even  as  low  as 
32  or  33  inches.  In  Pennsylvania  it  is  about  39  or  40  inches— 10  in  spring,  11  in  summer,  11  in  autumn,  and  8  in 
winter.  535 
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This  noble  tributary  has  its  sources  in  the  mountains  of  Cambria  county,  at  an  elevation  probably  not  less  than 
that  of  the  sources  of  the  North  branch,  for  the  divide  between  its  waters  and  those  of  the  Allegheny  lies  at  a 
height  of  2,000  feet  or  more  above  the  sea.  Flowing  first  in  a  northerly  direction,  and  reeeiving  some  tributaries 
from  Indiana  county  on  the  west,  the  stream  enters  Clearfield  county,  and  gradually  bending  to  the  right  it  flows 
northeast  between  Center  and  Clinton  counties,  and  then  east  through  Clinton  into  Lycoming,  where  it  bends 
suddenly  to  the  right  again,  and  flows  nearly  south  between  Union  and  Northumberland  to  join  the  North  branch 
at  the  town  of  Northumberland.  Its  total  drainage  area  measures  about  G,466  square  miles,  and  it  receives  a 
number  of  important  tributaries,  a  list  of  which,  with  their  drainage  areas,  will  be  found  on  page  79.  The  river 
washes  the  towns  of  Clearfield,  Lock  Haven,  Williamsport,  Muncy,  Miltou,  Lewisburg,  and  Northumberland,  and 
is  navigable,  by  means  of  the  canal  along  its  banks,  to  Lock  Haven  and  beyond,  there  being  four  canal  dams  on  tlie 
stream,  the  ponds  of  which  are  used  for  navigation.  The  character  of  the  stream  will  be  understood  from  the 
following  quotation  from  Dr.  Rogers'  Geology  of  Pennsylvania : 

The  upper  part  of  the  West  branch  of  the  Susquehanna,  and  also  its  tributaries,  the  Sinnem.ahoning,  Kettle  creek,  Pine  creek,  etc., 
draining  the  high  plateau  northwest  of  the  Alleghany  mountains,  flow  through  deep  trenches  in  the  horizontal  strata,  very  analogons 
in  their  features  to  those  which  give  jjassage  to  the  Delaware  and  the  main  or  North  Susquehanna,  in  the  northeastern  part  of  the  state. 
From  the  mouth  of  the  Sinneraahoning  out  into  the  Bald  Eagle  valley,  the  river  hills  are  very  high  and  sreep,  and  admit  extremely 
narrow  strips  of  level  ground  between  their  feet  and  the  river,  except  near  the  openings  of  the  lateral  streams.  The  trough  through 
•which  the  lowerhalf  of  Pine  creek  flows  is  equally  profound.  Entering  the  valley  between  the  Alleghany  mountain  and  the  Bald  Eag)e 
ridge,  the  river  pursues  a  beautiful  winding  course  the  whole  way  from  Lock  Haven  to  the  neighborhood  of  Muncy,  alternately  sweeping 
toward  the  middle  of  the  cultivated  valley  and  back  again,  close  in  .to  the  base  of  the  steep  and  wood-covered  ridge.  Near  Muncy  it 
turns  with  a  broad  majestic  curve  round  the  end  of  the  Bald  Eagle  mountain,  and  in  a  few  miles  deflects  from  a  somthwest  to  a  tvest 
course,  through  a  highly  fertile,  richly  cultivated  open  country,  till  it  strikes  the  base  of  the  Blue  Hill,  or  range  of  red  sandstone  cliffs 
above  Northumberland.     Southwest  of  Muncy  the  river  crosses  a  singular  belt  of  deeply-eroded  country,  full  of  conical  hiJls. 

The  fall  of  the  stream  is  shown  by  the  following  table: 

Slope  of  the  West  branch  of  the  Susquehanna  river. 


Locality. 


Montli 

Lewisburg  dam,  water  below  . . 

Lewisburg  dam,  crest 

Muncy  dam,  water  below .  - 

Muncy  dam,  crest 

-Williamsport  dam,  water  below 

"Williamsport  dam,  crest 

Lock  Haven  dam,  water  below. 

Lock  Haven  dam,  crest 

Queen's  Kun  dam,  w.iier  below. 

Queen's  Run  datn,  crest 

Keating 

Curwinsville 


Distance 

from 
mouth. 


Miles. 
0 

7 

7 

23 

23 

39 

39 

65 

05 

69 

69 

105 

160 


Elevation 
above 
tide. 


Feet. 
429 

431 

434 
462 
469 
498 
508 
539 
550 
551 
657 
695 
1,117 


Distiince 
between 
points. 


Miles. 

\  ^ 

\  " 

I  " 

I  « 

I  16 

■  0 
•  26 

■  0 

;      * 
;      0 

30 

65 


Tall 
between 
points. 


2 

3 

28 

7 

29 

10 

31 

11 

1 

6 

138 

422 


Fall 

Eer  mile 
etween 
points. 


Feet. 
0.29 


L75 


L81 


0.25 


3.83 
7.67 


It  will  be  seen  that  as  far  up  as  Queen's  run  the  fall  of  the  river  is  small,  while  above  that  point,  in  the  true 
mountain  region,  it  is  much  larger.  Above  that  point,  too,  the  banks  of  the  stream  and  of  its  tributaries  are 
generally  high,  and  there  are  few  low  grounds  subject  to  overflow,  wliile  below  that  point  the  river  traverses  a  wide 
and  fertile  valley,  without,  however,  overflowing  its  banks  to  any  considerable  'extent.  The  bed  of  the  stream  is 
generally  gravel  and  sand,  with  sometimes  a  rock  ledge  in  the  upper  parts.  The  flow  is  quite  variable,  but  as  no 
gaugings  are  at  hand,  exact  figures  can  not  be  presented,  iind  I  am  therefore  obliged  to  resort  to  estimate.  On 
account  of  the  larger  proi)Ortion  of  mountain  district,  and  the  steeper  slopes  in  the  basin  we  are  considering,  I 
should  judge  the  flow  to  be  even  more  variable  than  that  of  the  North  branch;  and  this  opinion  is  strengthened 
by  the  absence  of  lakes  of  importance.  But  the  fact  that  a  great  part  of  the  basin  is  still  thickly  wooded  may 
have  an  important  effect,  perhaps  more  than  compensating  for  the  absence  of  lakes  and  the  steepness  of  the  slopes. 
The  forests,  however,  are  being  rapidly  destroyed  in  many  i)laces,  and  the  lumber  is  being  floated  down  to  the 

main  stream  from  numberless  tributaries.     The  facilities  for  artificial  reservoirs  are  probably  good,  aad  the  flow  of 
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many  of  tbe  tribntaries  might  no  doubt  be  regukited  to  a  considerable  extent.  Tbe  rainfall  in  tbe  basin  is  about 
■38  or  40  inches,  with  a  tolerably  uniform  distribution,  but  with  less  in  winter  than  in  any  other  season.  The  stream 
is  easily  accessible  except  iu  the  upper  part  of  its  course,  being  followed  as  far  as  the  mouth  of  the  Sinnemahoning 
by  the  Philadelphia  and  Erie  railroad.  As  it  is  ascended,  the  first  dam  is  the  canal  dam  at  Lewisburg,  920  feet 
long  and  3  feet  high.  Its  pond  is  used  for  navigation  for  over  a  mile.  The  next  dam  is  the  Muncy  dam,  3  miles 
below  the  town  of  the  same  name,  and  which  might  be  used  for  power,  its  height  being  7  feet  and  its  lenglh  1,020 
feet.  Its  pond  is  navigated  by  canal-boats  for  over  4  miles.  The  minimum  flow  of  the  stream  at  this  point  is 
probably  not  less  than  900  cubic  feet  per  second,  but  only  a  small  proportion  of  the  total  power  that  this  would  afford 
«ould  be  used  with  advantage  at  the  Muncy  dam. 

The  next  dam  is  that  at  Williamsport.  It  was  built  in  the  years  1SC7  and  1868  by  the  Susquehanna  Boom 
Company,  to  back  the  water  and  aflbrd  a  pond  for  the  booms  for  collecting  the  lumber  which  is  floated  down  the 
river  to  this  place.  The  dam  is  built  of  crib- work,  filled  with  stone  and  backed  with  gravel,  and  is  1,000  feet  long 
and  10  feet  high  above  low  water,  with  a  chute  GO  feet  wide  for  the  passage  of  rafts.  Tbe  power  afforded  at  this 
place  is  already  utilized  by  several  mills,  namely:  Noble  &  Sons'  flour-mill,  and  Taylor  &  Son's  saw-mill,  probably 
using  together,  however,  only  a  couple  of  hundred  horsepower.  The  fall  used  is  8  or  9  feet,  and  the  mills  are  at 
times  obliged  to  stop  on  account  of  high  water  or  ice.  There  is  no  doubt  that  a  considerably  greater  amount  of 
power  than  is  now  used  could  be  advantageously  utilized  at  this  place.  The  drainage  area  being  about  5,300 
square  miles,  it  is  not  probable  that  the  minimum  flow  will  be  much  less  than  800  cubic  feet  i)er  second,  and  this 
would  afford,  with  a  fall  of  10  feet,  a  gross  power  of  over  900  horse-power;  while  at  ordinary  stages  a  very  much 
larger  amount  would  be  available.  The  fall,  however,  is  scarcely  large  enough  to  warrant  the  full  development 
of  the  power. 

The  Williamsport  dam  backs  the  water  a  number  of  miles,  and  the  fall  of  the  stream  is  small  all  the  way  to 
Lock  Haven,  where  we  meet  the  next  canal  dam.  This  dam  has  an  overfall  of  SCO  feet,  and  is  11  feet  high  above 
low  water.  It  is  not  used  at  all  for  power,  although  it  could  be  so  used  without  much  difBculty  and  a  considerable 
am«unt  of  power  developed.  The  drainage  area  is  about  3,040  square  miles,  and  the  minimum  flow  probably  never 
less  than  400  cubic  feet  per  second,  which  would  afibrd,  with  a  tall  of  10  feet,  about  450  gross  horsepower,  while 
in  ordinary  years  a  very  much  larger  quantity — perhaps  double — would  be  available  almost  uninterruptedly.  This 
power  and  the  one  at  Williamsport  are  the  two  principal  ijowers  on  the  stream,  and  iu  fact  the  only  important 
ones.  Although  the  falls  are  not  large,  and  there  would  be  occasional  interruption  on  account  of  high  water,  there 
seems  to  be  no  reason  why  both  powers  should  not  be  utilized  to  a  considerable  exttnt.  The  location  at  Lock  Haven 
and  the  facilities  for  races  and  buildings  are  good. 

The  Lock  Haven  dam  backs  the  water  for  about  4  miles  to  the  last  canal  dam  on  tbe  river,  at  Queen's  run. 
This  dam  is  6  feet  high  above  low  water,  with  an  overfall  of  G14  feet,  and  a  raft-chute  31  by  500  feet.  Its  pool  is 
nsed  for  navigation  for  about  3  miles.  No  power  is  utilized  at  the  place,  and  although  some  might  be  developed, 
tbe  low  fall  renders  the  site  an  unfavorable  one.  Between  this  ])oint  and  the  mouth  of  the  Sinnemahoning,  although 
the  fall  is  greater,  there  are  no  important  powers;  neither  are  there  anj'  below  Glearfleld,  so  far  as  1  could  learn. 
The  declivity  of  the  stream  is  quite  uniform,  and  although  the  fall  is  considerable,  there  are  no  rapids  of  consequence. 
Power  could  doubtless  be  developed  at  many  places  by  damming,  but  I  can  specify  few  particular  sites.  At  Butiermilk 
falls,  about  20  miles  above  Keating  (at  the  mouth  of  the  Sinnemahoning),  tbe  fall  is  C  feet  in  about  2,000  feet;  and 
there  are  a  few  other  rapids  of  similar  character.  I  am  indebted  to  Mr.  Edwin  H.  Welch,  civil  engineer,  for  a  i)rofile 
of  tbe  stream  from  Keating  to  the  mouth  of  Moshaunon  creek,  a  distance  of  25^  miles,  from  which  it  a])])ears  that  the 
average  fall  in  that  distance  is  C.57  feet  per  mile,  the  greatest  fall  iu  a  mile  being  iu  the  first  mile  above  Keating, 
viz,  16  feet;  while  at  several  places  there  are  falls  of  9  or  10  feet  in  a  mile.  There  are,  however,  no  specially  fine 
sites  for  power,  and  little  if  any  power  is  utilized  on  the  stream  below  Clearfield.  Above  that  jjoint  there  are  a 
number  of  small  saw-  and  grist-mills  run  by  the  stream,  the  latter  generally  with  twoorthiee  pairs  of  stones.  Power 
would  probably  be  utilized  below  Clearfield  were  it  not  that  the  river  is  very  inaccessible.  Tbe  table  of  utilized 
power  gives  all  tbe  additional  data  I  have  regarding  the  stream. 

The  flow  of  the  upper  part  of  the  Susquehanna.,  as  well  as  of  its  smaller  tributaries,  is  modified  to  some  extent 
by  the  operations  of  the  lumbermen.  On  most  of  these  streams  "splash-dams"  are  built,  ponding  the  water 
sometimes  over  considerable  areas,  and  serving  to  hold  the  logs  which  are  sent  down,  until  a  sufficient  number  have 
been  collected,  when  the  gates  in  the  dams  are  raised,  letting  the  water  out  suddenly,  so  that  the  logs  are  carried 
down  on  the  swell  or  wave  to  the  next  dam  or  to  the  main  river,  where  the  natural  current  is  sufficient  to  carry 
them  along.  These  artificial  reservoirs,  although  now  of  no  benefit  to  the  water-power  of  the  stream,  being  in  fact 
rather  the  contrary,  could  be  utilized  as  storage  reservoirs  to  regulate  the  flow.  Tbeir  eflect  on  the  water-power  of 
the  streams  is  probably  small  at  present,  as  the  flushing  of  the  logs  does  not  occur  at  the  time  when  the  streams 
are  lowest;  in  fact,  some  mill  ponds  are  even  used  for  the  same  purpose.  Their  effect  on  the  larger  tributaries  or  on 
the  main  stream  is,  of  course,  too  small  to  be  noticed.  Kegarding  the  size  of  the  reservoirs  formed  I  could  obtain  no 
accurate  information,  but  probably  few  cover  over  100  acres.  The  dams  are  almost  always  of  crib-work,  and  tbe 
sites  are  chosen  with  a  view  of  overflowing  as  much  land  as  possible.  ^ 
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Before  leaving  the  West  branch  of  the  Susquehanna,  attention  must  be  called  to  the  statements  on  page  64 
regarding  the  power  available  from  the  canal.  At  present  very  little  power  is  utilized  from  this  source,  there  being 
only  one  small  grist-mill  using  water  from  the  canal,  with  a  head  and  fall  of  11  (!)  feet  and  20  or  30  horse-power. 

THE  TEIBUTAEIES  OF  THE  WEST  BRANCH  OF  THE  SUSQUEHANNA  KIVEE. 

The  water-power  of  the  tributaries  of  the  West  branch  of  the  Susquehanna  is  at  present  of  little  importance. 
That  utilized  is  altogether  insignificant;  that  potential,  although  theoretically  large,  is  practically  not  very  available, 
partly  because  many  of  the  streams  are  very  inaccessible,  draining  a  wild  and  very  little  developed  country,  and 
partly  because  they  flow  with  uniform  declivities"  over  beds  of  drift,  offering  few  precipitous  falls  and  few  powers 
likely  to  be  of  any  but  local  interest  or  value.  The  information  that  I  could  collect  regarding  these  streams  is  very 
meager.  Most  of  them  are  used  for  rafting  or  logging  much  more  than  for  power,  and  their  utilized  power  is  very 
small.  On  account  of  their  uniform  slope  I  could  learn  of  but  few  sites  for  power  not  used,  and  can  say  little 
regarding  the  facilities  for  tlie  development  of  power.  It  may  be  presumed,  however,  that  they  are  tolerably  good. 
The  flow  of  the  streams  is  subject  to  considerable  fluctuations,  but  I  could  not  learn  that  the  freshets  are  specially 
violent.  Mancy  creek,  the  first  important  tributary  encountered  as  the  river  is  ascended,  rises  in  Sullivan  county  and 
flows  southwest  into  Lycoming.  It  has  three  splash-dams  and  several  lakes  tributary  to  it,  all  of  small  extent. 
Loyalsock  creek,  which  empties  at  Williamsport,  is  a  much  larger  stream,  also  with  several  small  lakes  tributary 
to  it.  Oq  some  of  its  small  tributaries  there  are  said  to  be  precipitous  falls,  but  they  are  almost  valueless  for 
power.  There  are  ten  or  a  dozen  splash-dams  on  the  stream  and  its  tributaries,  and  a  number  of  saw-mills. 
Lycoming  creek  is  a  similar  stream.  It  has  a  nail  factory  near  its  mouth,  besides  saw-  and  grist-mills.  Twenty 
miles  from  its  mouth  there  is  a  site  not  utilized,  formerly  used  by  a  mill,  with  a  fall,  it  is  said,  of  15  feet;  and  just 
above  this  is  another  similar  site.  Pine  creek,  the  largest  tributary  below  the  Sinnemahoniug,  is  similar  to  those 
already  mentioned,  but  I  have  no  details  regarding  its  power.  Just  below  Lock  Haven  a  stream  comes  in  from  the 
south  which  is  perhaps  the  best  water-power  stream  in  the  vicinity,  viz.  Bald  Eagle  creek.  It  rises  ia  the  southern 
part  of  Centre  county  and  pursues  a  northeasterly  course  into  Clinton  county,  its  length  being  about  45  miles,  measured 
in  a  straight  line,  and  its  drainage  area  about  725  square  miles.  It  receives  as  tributaries  Beech,  Fishing,  and 
Spring  creeks,  all  good  water-power  streams.  The  value  of  the  stream  arises  from  its  constant  flow,  for,  although 
there  are  no  lakes  in  the  basin,  the  stream  is  fed  by  spriugs^o  a  large  extent,  and  is  said  to  vary  less  in  flow  than 
any  stream  in  the  neighborhood,  though  I  know  of  no  measurements  regarding  this  point.  Especially  is  this  true 
regarding  Spring  creek,  which  is  said  to  flow  remarkably  well  in  dry  weather.  All  of  these  streams  have  beds' 
generally  of  gravel,  with  some  rock  in  place.  They  are  not  subject  to  very  violent  freshets,  and  their  slope  is  quite 
large,  though  generally  gradual.  Bald  Eagle  and  Spring  creeks  are  quite  accessible  from  the  Bald  Eagle  Valley 
railroad.  The  first  dam  on  the  Bald  Eagle  creek  is  about  3  miles  above  Lock  Haven  and  above  the  mouth  of 
Fishing  creek.  It  is  a  canal  dam,  used  for  feeding  the  branch  canal  extending  from  Lock  Haven  to  this  place,  and 
used  as  a  feeder  of  the  main  West  Branch  canal.  It  is  314  feet  long,  5  or  G  feet  high,  and  backs  the  water  about  2 
miles.  On  this  branch  canal  there  are  two  mills— a  grist-mill  at  Plemington,  feeding  to  a  lower  level,  and  using  a 
fall  of  10  feet  and  about  15(1)  horse-power,  and  a  paper-mill  near  Lock  Haven,  vfith  about  the  same  fall  and  power, 
it  is  said.    These  mills  have  a  full  supply  of  water  all  the  year,  the  water  remaining  in  the  canal  during  the  winter. 

Above  this  canal  dam  there  are  several  grist-mills  on  the  stream,  and  at  Howa.rd  there  are  the  Howard  iron 
works,  consisting  of  a  forge  and  roUing-inill,  with  a  fall  of  CJ  feet  and  about  60(?)  horse-power.(a)  Full  capacity 
can  be  obtained  during  only  about  ten  months.  At  Eowlaud  there  are  two  powers,  owned  by  Curtins  &  Co.;  the 
upper  one  a  roUingmill,  with  a  fall  of  7  feet,  the  dam  being  200  feet  long  and  2J  feet  high,  and  the  lower  one  a 
grist-mill,  furnace,  and  forge,  with  a  fall  of  12  feet.  These  powers  are  below  the  mouth  of  Spring  creek.  Above 
this  point  there  are  several  small  grist-mills,  but  no  large  powers.  It  will  be  seen  that  there  are  no  large  falls  on 
Bald  Eagle  creek,  and  there  are  said  to  be  no  powers  not  utilized. 

The  tributaries  of  Bald  Eagle  creek  are  also  utilized  to  a  considerable  extent  by  small  mills,  and  their  fall  is 
greater  than  that  of  the  main  stream.  On  Fishing  creek,  besides  a  number  of  grist-mills,  there  are  two  ax  factories 
and  a  woolen-mill,  but  the  powers  are  small. 

Spring  creek,  which  has  already  been  referred  to,  enters  the  Bald  Eagle  at  Milesburg,  at  which  place  there  is 
a  fall  of  8  feet,  used  to  run  a  grist-mill,  saw-mill,  ax  factory,  foundery,  and  machine-shop.  Above,  there  are 
various  mills,  specified  in  the  table  of  utilized  power.  I  learned  of  several  unimproved  sites  on  the  stream,  near 
Bellefonte.  The  first  is  that  of  the  Bellefonte  Car  Manufacturing  Company,  and  was  formerly  used  to  the  extent 
of  about  100  horse-power.  The  dam  is  partly  of  earth  and  partly  of  crib-work,  and  is  300  or  400  feet  long,  while  its 
height  varies  from  10  to  12  feet.  The  fall  used  was  12  or  14  feet,  and  it  is  expected  that  work  will  soon  be  resumed. 
Just  above  this  power  is  a  paper-mill,  not  now  running,  with  a  fall  of  10  feet,  and  farther  up  is  an  ax  factory  with 
a  fall  of  18  feet,  not  used  "on  account  of  expense  of  hauling".  Logan  branch,  a  tributary  of  Spring  creek,  just 
above  Bellefonte,  is  very  constant  and  has  a  very  rapid  fall.    It  runs  various  mills,  and  has  several  sites  not  used. 

a  The  power  is  stated  at  150  horse-power  in  the  returns  of  the  enumerators.     It  was  returned  to  me  as  60. 
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The  remaininin'  tribataries  of  the  Susquehanna  resemble  those  below  Fishiiifj  creek  from  the  north.  They  are 
more  variable  in  flow  than  Spring  creek,  and  are  utilized  only  for  saw-  and  gri.st-niills,  with  now  and  then  a  woolen- 
mill.  Many  of  them  have  splash-dams,  and  are  used  extensively  for  logging.  Such  are  Young  Woman'.s  creek, 
Paddy's  run,  and  Kettle  creek.  Sinnemahoning  creek,  the  largest  of  all,  is  little  utilized,  but  I  heard  of  no 
good  sites  not  used,  though  at  Moccasin  falls,  below  Driftwood,  there  is  said  to  be  a  fall  of  5  feet  or  so  in  200  feet. 
I  have  no  further  data  regarding  its  numerous  tributaries,  but  they  are  not  very  reliable  streams,  and  aflbrd  only- 
small  powers.  Of  the  tributaries  above  Sinnemahoning,  Mosquito  creek  is  quite  a  large  stream,  said  to  be  the  most 
constant  in  the  neighborhood.  It  has  7  splash-dams  and  a  few  mills.  Moshannon  creek  and  Clearfield  creek  are 
similar  streams.  On  all  of  the  streams  in  this  vicinity  power  could  be  developed  at  many  places,  and  abandoned 
sites,  formerly  used  for  saw-mills,  are  often  met  with,  but  the  whole  region  is  almost  a  wilderness. 

The  tributaries  of  the  Susquehanna  beloav  Northumberland.— The  water-power  of  the  affluents 
of  the_  Susquehanna  between  the  mouth  of  the  West  branch  and  that  of  the  Juniata  is  not  of  great  importance, 
although  there  are  numerous  sites  for  small  mills.  Their  fall  is  quite  rapid  and  their  flow  very  variable.  They 
are  utilized  only  b\  small  saw-  and  grist-mills.  Shamokiu  creek,  which  enters  from  the  east  below  Sunbury,  drains 
165  square  miles,  and  has  several  mills  averaging  each  about  three  pairs  of  stones.  Penn's  creek,  from  the  west,  is  a 
much  larger  stream,  and  has  its  sources  in  Centre  county,  whence  it  flows  east  through  Union  and  Snyder.  Its 
declivity  is  unbroken  by  falls,  though  there  are  numerous  ripples,  and  some  good  sites  where  power  could  be 
developed.  The  flow  is  said  to  be  vcrj'  steady  and  the  power  excellent.  There  are  a  niimber  of  saw-  and  grist- 
mills in  operation,  the  grist-mills  near  the  mouth  averaging  four  pairs  of  stones,  and  seldom  suffering  much  from  want 
of  water.  The  falls  are  not  large,  averaging  only  8  or  10  feet,  and  obtained  by  damming.  Middle  and  West 
Mahontongo  creeks,  from  the  west,  as  well  as  Mahanoy,  Wiconisco,  Armstrong's,  Powell's,  and  Clark's  creeks,  from 
the  east,  are  small  streams.  It  is  said  that  the  power  of  Wiconisco  creek  is  being  injured  by  coal-dirt  filling  the 
creek,  and  also  by  the  impure  water  pumped  from  the  coal-mines. 

the   JUNIATA  RIVER. 

This  great  tributary  has  its  sources  far  to  the  west,  in  Bedford,  Blair,  and  Somerset  counties,  at  a  general 
elevation  of  some  2,000  feet  above  the  sea,  though  the  divide  between  its  waters  and  those  of  the  Ohio  attains  in 
places  a  height  of  nearly  2,800  feet.    The  stream  is  described  as  follows  by  Dr.  Eogers,  in  his  Geology  of  Penvsylvania : 

This  second  great  tributary  of  the  Susquehanna  has  two  chief  upper  divisions,  the  Frankstown  and  the  Eaystown  branches,  both 
of  which,  like  the  main  stream  below  their  junction,  traverse  much  beautiful  scenery.  Wo  will  trace  the  Frankstown  branch  as  that 
which  is  most  accessible.  After  gathering  its  head-waters  from  the  eastern  slope  and  the  foot-hills  of  the  Alleghany  mountains,  it  begins 
to  assume  the  volume  of  a  small  river  near  Frankstown.  Below  this  point  it  first  passes  the  cove  of  the  Lock  mountain,  a  curious 
district  of  conical  hills,  in  structure  very  like  the  Muncy  hills  of  the  West  branch.  Its  course  is  now  by  a  wild  and  rocky  gorge,  through 
the  Lock  or  Canoe  mountain,  into  Cauoe  valley.  Winding  northeastward  through  this  valley  it  next  goes  through  Tussey  mountain 
into  Hartslog  valley  by  an  interesting  curving  pass  of  the  form  of  the  letter  S-  The  mountain,  which  consists  of  two  ridges,  is  trenched 
along  its  center  for  the  passage  of  the  river,  and  the  Western  ridge  is  moreover  breached  at  Wattr  gtreet  by  a  lateral  notch,  which  gives 
passage  to  a  small  tributary  stream,  aud  heightens  much  the  pioturesqueness  of  the  place,  which  is  further  enhanced  by  a  great  stone- 
slide  covering  the  ends  of  the  mountain.  Crossing  Hartslog  valley,  it  next  traverses  Warrior  ridge,  passing  by  the  Pulpit  rocks.  Emerging 
from  the  Warrior  ridge,  and  deflecting  more  toward  the  east,  it  crosses  the  Huntingdon  valley  and  passes  by  the  northern  end  or  knob  of 
.Terrace  mountain  or  Sideling  hill,  receiving  first  the  Eaystown  branch,  which  nearly  doubles  the  volume  of  its  waters.  Here  bending 
southward  it  follows  a  picturesque  gap  through  Stone  ridge,  and,  turning  more  eastward,  it  presently  enters  the  deep  cleft  in  Jack's 
mountain,  called  "  Jack's  Narrows ",  upon  the  western  side  of  which  the  mountain  is  covered  with  a  great  stone-slide,  or  field  of  naked 
angnlar  blocks  of  sandstone,  which  imparts  a  most  desolate  aspect  to  the  pass,  especially  when  the  forest  is  not  in  leaf.  On  emerging 
from  Jack's  narrows  the  river  crosses  a  succession  of  open  valleys  divided  by  narrow  ridges,  until  it  meets  (he  base  of  Blue  ridge  in 
Sugar  valley.  There  it  makes  a  great  loop,  turning  in  an  ox-bow'backward  fill  it  reaches  Newton  Hamilton,  whence  it  flows  with  many 
large  sinuosities,  longitudinally,  through  the  Juniata  or  Lewistown  valley,  to  the  deep  synclinal  ravine  called  the  "Long  Narrows", 
formed  by  the  near  approach  of  th«  Blue  and  Shade  mountains.  The  "Long  Narrows"  of  the  Juniata  is  a  narrow  trough  between 
mountain  ridges,  deeply  trenched  on  their  flanks,  and  thickly  clothed  with  timber  on  their  lower  slopes  and  at  their  base,  and  overspread 
nearer  their  summits  with  extensive  sloping  sheets  of  dark-gray  angular  blocks.  The  pass  is  7  miles  long,  and  is  one  of  the  wildest  and 
most  impressive. within  the  mountains.  At  the  eastern  end  of  the  Long  narrows  the  river  turns  southeastward,  and  winds  between  hills 
and  valleys  across  the  country  to  the  base  of  the  Tuscarora  mountain,  passing  MifQintown,  Mexico,  and  other  villages.  Below  New 
Mexico  it  sweeps  the  base  of  the  Tuscarora  mountain  for  several  miles,  until  it  turns  abruptly  across  its  eastern  end  a  mile  northwest  of 
Millerstown.  Below  Millerstown  the  river  crosses  the  Wildcat  and  Buffalo  valleys,  washing  the  end  of  the  Butfalo  mountain.  Pursuing 
-  its  course,  the  Juniata,  after  making  two  or  three  bends,  goes  through  a  belt  of  hills  called  the  "  Half-fall  Mountain  ",  where,  as  at 
nearly  all  its  passes  through  the  larger  sandstone  ridges,  it  is  impeded  by  ledges  of  hard  strata  and  thrown  into  ripples  or  rapids. 
From  the  Half-fall  rapids  it  flows  between  steep  but  low  cliffs  and  hills  for  about  4  miles  farther,  to  its  entrance  into  the  main 
Susquehanna,  at  Duncan's  island,  having  followed  a  winding  conr.se  entirely  across  the  central  zone  of  the  Appalachian  chain,  through  a 
distance  of  nearly  200  miles. 

The  Frankstown  branch,  rising  in  Bedford  county,  flows  northeast  into  Blair  and  Huntingdon,  bending  then 
to  the  southeast,  and  receiving  the  Eaystown  branch,  which  rises  in  Bedford  and  Somerset  counties,  and  flows 
northeast  into  Huntingdon.  From  their  junction  the  course  of  the  stream  lies  through  Huntingdon,  Mifflin,  Juniata, 
and  Perry  counties,  and  by  the  towns  of  Mount  Union,  Lewistown,  Mifflintown,  Millersburg,  and  others.  The 
total  drainage  areSi  measures  about  3,223  miles.    The  valley  of  the  main  river,  as  will  be  understood  from  Dr. 
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Eogers'  description,  is  very  narrow  and  the  banks  are  generally  higli,  and  the  stream  has  a  number  of  large 
tributaries,  a  list  of  which  is  given  on  pages  79  and  80.  The  bed  is  generally  gravel  and  sand,  often  with  rock  at  a 
very  small  depth,  and  sometimes  at  the  surface.    The  declivity  of  the  stream  will  be  seen  from  the  following  tablet 

Slope  of  the  Juniata  river. 


Locality. 

Distance 

from 

mouth. 
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above 
tide. 

Distance 
between 
points. 

Fall 
between 
points. 

Fall 

per  mile 
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Milea. 
0 

16 

10 
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44 

68 

68 

90 

90 
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388 
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1        28 

\          " 

\        ^ 

\  "      " 
^        22 

\          » 

Feet. 

44 
8 

64 
8 

62 
8 

90 

12 

FeeU 
2.7 

Millerstown  dam,  water  below 

1.9 

Lewistown  dam,  water  below 

2.6 

H"ewton  Hamilton  dam,  water  below. 

Newton  Hamilton  dam,  crest 

Huntingdon  dam,  water  below. 

4.1 

Some  elevations  along  the  Frankstown  branch  above  Huntingdon  are  given  on  page  75.  Between  Ifewton 
Hamilton  and  Huntingdon  there  is  one  dam,  at  the  mouth  of  the  Eaystown  branch,  but  its  elevation  is  not  known. 
The  dams  referred  to  are  all  canal  dams,  for  feeding  the  canal  which  extends  up  the  river  to  Huntingdon,  following 
the  stream  closely  for  the  entire  distance.  When  it  is  added  that  the  Pennsylvania  railroad  follows  the  main  river, 
the  Frankstown  branch,  and  the  Little  Juniata,  a  tributary  of  the  latter,  almost  to  the  summit  of  the  mountains, 
it  will  be  seen  that  the  facilities  for  transportation  can  not  be  surpassed. 

Eegarding  the  flow  of  the  stream  no  data  could  be  obtained.  There  are  ho  lakes  to  regulate  it,  and  the 
drainage  area  is  composed  largely  of  parallel  valleys  drained  by  the  tributaries  of  the  river.  The  whole  basin  of 
the  river  is  comprised  in  the  region  of  corrugations,  and  just  that  part  of  the  region  where  the  parallelism  of  the 
ranges  is  most  marked,  so  that  it  is  traversed  from  southwest  to  northeast  by  a  number  of  parallel  ranges,  across 
and  between  which  the  river  winds,  and  from  the  valleys  between  which  it  receives  its  tributaries.  The  rainfall 
is  about  40  inches — 11  in  spring,  12  in  summer,  9  in  autumn,  and  8  in  winter — a  distribution  not  very  unfavorable 
for  constancy  of  flow ;  and  the  basin  is  quite  well  wooded,  so  that  possibly  the  flow  may  be  more  uniform  than  one 
would  suppose,  judging  from  the  topography.  No  reliable  data  regarding  the  extreme  rises  in  freshets  could  be 
obtained,  but  there  are  few  low  grounds  to  be  overflowed.  The  facilities  for  artificial  storage  are  good,  and  on  the 
tributary  creeks  numerous  sites  for  reservoirs  could  be  found.  With  the  exception  of  one  on  the  Frankstown 
branch,  near  HoUidaysburg,  none  exist  at  present,  excepting  mill-ponds. 

As  the  table  of  utilized  power  given  on  pages  86  and  87  shows,  there  is  very  little  manufacturing  in  the  basin  of 
the  Juniata,  and  below  the  mouth  of  the  Eaystown  branch  there  is  not  a  mill  of  importance  on  the  main  stream. 
A  number  of  grist-  and  saw-mills  on  the  tributaries,  with  occasionally  a  mill  of  some  other  kind,  make  up  all  that  there 
are  in  the  basin.  The  reason  for  this  is  not  to  be  sought  in  the  absence  of  any  water-power,  but  in  the  fact  that  this 
is  not  a  manufacturing  region,  and  that  the  smalt  powers  which  it  offers  (for  it  offers  no  large  ones)  are  not  able  to 
compete  with  those  which  have  the  advantage  of  being  located  nearer  to  the  markets.  As  on  the  Susquehanna, 
there  is  a  little  power  used  from  the  canal  on  the  Juniata,  there  being  three  mills  run  in  this  way,  viz,  a  saw-mill 
at  Mill  creek,  discharging  to  the  river,  with  a  fall  of  10  feet;  a  planing-mill  at  Huntingdon,  discharging  to  a  lower 
level,  and  a  grist-mill  at  Newport,  discharging  to  the  river  with  a  fall  of  15  feet.  There  seems  to  be  no  reason  why  a 
large  amount  of  power  could  not  be  utilized  in  this  way,  especially  at  the  locks,  where  there  is  generally  considerable 
water  wasting,  and  particularly  as  the  traffic  on  the  canal  is  quite  small  and  the  interests  of  navigation  are  less 
important  than  on  the  Susquehanna.    (See  p.  64.) 

As  the  river  is  ascended  there  are  several  ripples  where  power  could  be  developed,  before  we  come  to  the  first 
canal  dam,  3  miles  below  Millerstown.  This  structure,  like  all  the  others  on  the  Juniata  and  Susquehanna  rivers, 
is  built  of  crib-work,  its  length  being  857  feet  and  its  height  7.5  feet.  It  ponds  the  water  for  4  miles,  and  the  pond 
is  used  for  navigation.  A  certain  amount  of  power  could  no  doubt  be  utilized  at  this  dam,  depending  on  the 
amount  of  water  required  by  the  canal,  and  an  estimate  of  the  amount  available,  using  the  total  flow  of  the 
stream,  will  be  found  on  page  7G.     Whether  the  facilities  for  building  are  of  the  best,  I  am  not  able  to  state. 

At  Lewistown  dam,  the  next  on  the  river,  and  situated  2.5  miles  below  the  town  of  Lewistown,  the  facilities  for 
building  are  not  very  good.  The  dam  is  located  in  the  Long  narrows,  and  the  banks  are  high  on  both  sides,  while 
on  the  south  the  railroad  and  on  the  north  the  canal  leave  little  room  for  building.    The  place  could  bo  used  if 
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desired,  but  is  not  favorable.  The  north  side  offers  the  best  location,  but  the  canal  would  have  to  be  diverted  to 
leave  room  enough  between  it  and  the  river.  The  dam  is  412  feet  long  and  8  feet  high,  and  is  used  only  as  a  feeder, 
its  pool  not  being  navigated. 

Passing  over  some  small  ripples,  the  next  power  is  at  Newton  Hamilton  dam,  just  below  the  town  of  the  samo 
name.  It  is  830  fee*  long  and  8  feet  high,  and  is  used  only  as  a  feeder.  The  power  theoretically  available  is 
estimated  on  page  76,  but  I  am  not  able  to  state  whether  much  could  be  economically  utilized. 

Between  this  dam  and  the  next,  at  the  mouth  of  the  Eaystown  branch,  there  are  some  ripples  which  have 
been  spoken  of  as  worth  developing,  especially  one  near  Mount  UnioTi,  where,  on  account  of  a  bend  in  the  stream, 
it  is  said  that  a  fall  of  some  20  feet  {1)  could  be  obtained  with  a  race  of  a  mile.  I  do  not  know  who  is  authority  for 
this  statement,  but  from  measurements  with  a  pocket-level,  by  means  of  which  I  obtained  the  elevation  of  the 
canal  above  the  river  at  its  crossings  above  and  below  Mount  Union,  2  or  3  miles  apart,  I  think  it  is  exaggerated, 
and  that  the  fall  can  not  be  over  10  or  15  feet  between  the  two  aqueducts. 

The  Eaystown  dam,  just  below  the  junction  of  the  two  forks  of  the  river,  is  a  crib  dam,  like  all  the  others, 
and  is  350  feet  long  and  7.5  feet  high;  it  is  used  only  as  a  feeder.  The  power  theoretically  available  may  be  found 
estimated  on  page  76.  The  facilities  for  the  utilization  of  this  power  are  said  to  b,e  good,  and  the  entire  flow  of 
both  branches,  except  the  small  amount  needed  for  the  canal,  could  be  rendered  available. 

Let  us  now  retrace  our  steps  to  the  mouth  of  the  river,  and  consider  the  tributaries  in  their  order  ascending 
the  stream.     Under  this  head  will  then  be  considered  the  Eaystown  and  Frankstown  branches. 

The  tributaries  of  the  Juniata  offer  few  or  no  precipitous  falls,  and  perhaps  fewer  rapids  than  the  main  river, 
except  in  cases  where  they  themselves  cut  through  the  ranges  from  one  valley  to  an  adjacent  one,  as  is  sometimes 
the  case.  Their  banks  vary  in  height,  and  sometimes  the  streams  overflow  considerable  areas  of  bottom-land, 
although  this  is  not  generally  the  case.  Their  flow  is  quite  variable,  and  the  mills  utilizing  their  power,  although 
all  small,  are  sometimes  short  of  water  in  dry  seasons.  On  only  one  or  two  of  the  tributaries  did  I  hear  of  there 
being  splash-dams.  All  the  timber  which  is  cut  is  sawed  near  by,  and  not  floated  down  the  river  to  any  central 
point. 

There  are  no  lakes  of  any  consequence  on  these  tributaries,  and  no  artificial  reservoirs.  As  the  map  will  show, 
they  are  often  inaccessible. 

Buffalo  creek,  from  the  south,  and  Cocalamus  creek,  from  the  north,  in  Perry  county,  are  small  streams  utilized 
by  saw-  and  gristmills.  Tuscarora  creek,  from  the  south,  is  a  much  larger  stream,  rising  in  Huntingdon  county, 
and  flowing  northeast  into  Juniata.  Besides  a  few  mill  dams,  it  is  said  that  there  are  a  few  splash-dams  on  the 
stream.  Lost  and  Jack's  creeks,  from  the  north,  are  small  and  unimportant  streams.  Kishacoquillas  creek,  also 
from  the  north,  emptying  at  Lewistown,  is  the  most  important  stream  thus  far.  It  has  two  branches,  one  of  which 
flows  northeast  and  the  other  southwest,  uniting  near  Eeedsville  to  cut  through  a  gap  in  Jack's  mountain,  flowing 
from  that  point  southeast  into  the  Juniata.  Besides  a  number  of  saw-  and  grist-mills,  there  are  several  mills  of 
other  kinds  on  the  stream  and  its  tributaries — a  woolen-mill  at  Milroy,  and  several  others  in  the  neighboi^hood,  an 
ax  factory  near  Eeedsville,  on  the  main  stream,  with  a  fall  of  16  feet,  another  near  Yeagertown,  with  a  fall  of  10 
feet,  aud  the  works  of  the  Logan  Iron  &  Steel  Works,  at  Logan,  on  the  main  stream,  with  a  fall  of  13  feet,  and 
using,  it  is  said,  100  horse-power  or  more,  together  with  other  mills,  a  tannery,  foundery,  etc.  The  grist-mills 
average  3  pairs  of  stones,  and  the  flow  of  the  stream  is  said  to  be  tolerably  uniform.  Near  the  mouth  is  a  grist-  and 
flour-mill  with  4  pairs  of  stones.  There  are  several  sites  now  idle  which  were  formerly  used  by  saw-mills  when 
lumbering  was  carried  on  more  extensively.  There  being  no  precipitous  falls  on  the  main  tributaries,  T  could  obtain 
but  little  information  regarding  sites  not  used,  but  I  learned  of  the  following  sites  on  Kishacoquillas  creek:  at 
Lewistown  there  is  a  grist-mill,  not  in  operation,  with  a  dam  of  crib-work,  200  feet  long  and  9  feet  high,  a  race 
three-quarters  of  a  mile  long,  a  fall  of  15  feet,  and  a  gross  power  of  probably  80  or  100  horse-power  in  the  low  season 
of  ordinary  years.  The  mill  ran  10  pairs  of  stones.  Between  Lewistown  and  Logan  it  is  said  that  a  fall  of  10  feet 
could  be  obtained;  between  the  two  ax  factories  named  above  a  fall  of  10  feet  is  claimed;  aud  near  Eeedsville 
several  sites  are  claimed,  one  of  15  or  16  feet  on  Laurel  run.  On  these  little  secondary  tributary  streams  there  are 
more  frequently  large  falls,  but  the  powers  are  very  small. 

Great  Aughwick  creek,  the  largest  tributary  of  the  main  Juniata  below  the  forks,  drains  an  area  of  about  316 
square  miles,  comprised  in  Fulton  and  Huntingdon  counties.  This  stream  probably  resembles  the  others  which 
have  been  described.  Its  utilized  power,  however,  is  small,  and  I  was  unable  to  obtain  any  information  regarding 
sites  not  used,  although  there  are  several,  including  one  near  the  mouth,  where  mills  were  formerly  located. 
Though  the  stream  is  of  considerable  size  near  its  mouth,  it  is  soon  divided  among  a  number  of  small  tributaries. 

The  Eaystown  branch  of  the  Juniata,  which  drains  an  area  only  a  few  square  miles  smaller  than  that  drained 
by  the  other  branch,  has  its  sources  in  Bedford  and  Somerset  counties,  as  already  mentioned.  Its  drainage  area 
measures  about  909  square  miles,  and  comprises  much  rolling  and  farming  country.  The  stream  pursues  a  very 
tortuous  course  in  a  general  northeasterly  direction,  receiving  many  tributaries  of  small  size,  and  flowing  by  the 
towns  of  Bedford  and  Hopewell;  but  its  slope  is  generally  large,  as  the  following  approximate  table  of  declivity 

shows:  gg^ 
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Slope  of  the  Baystown  branch  of  the  Juniata  river. 


Locality. 

Distance 

from 
mouth. 

Elevation 
above 
tide. 

Distance 
between 
points. 

Fall 
between 
points. 

Fall  per 

mile 
between 
points. 

Wlee. 
0 

40 

53 

79 

Feet. 
595 

837 

891 

1,016 

Miles. 
\        « 
]         20 

Feet. 

242 
54 
125 

Feet. 

6.0 
4.2 
4.8 

Mount  Dallas 

For  the  elevations  in  the  above  table  I  am  indebted  to  B.  Andrew  Knight,  esq.,  president  of  the  Hantingdon 
and  Broad  Top  Mountain  Eailroad  Company.  The  distances  were  measured  from  a  map.  I  was  unable  to  obtain 
much  information  regarding  the  power  of  the  stream,  but  its  slope  seems  to  be  very  gradual,  with  no  falls  and  few 
rapids ;  and  although  power  could  be  obtained  at  many  places  by  damming,  there  seem  to  be  no  very  favorable 
sites.  The  lower  part  of  the  stream  is  especially  tortuous  and  the  banks  high,  and  possibly  some  sites  might  be 
found  here  where  power  could  be  obtained ;  but  at  present  there  is  little  power  used  on  the  stream,  and  a  number 
of  steam  flour-mills  are  in  operation  in  various  parts  of  the  basin.  The  bed  is  generally  gravel,  there  are  no  lakes,  and 
the  stream  is  subject  to  considerable  freshets  and  ice-jams.  Several  sites  may  be  mentioned  where  formerly  mills 
were  located,  among  them  one  at  Hopewell  where  there  was  once  a  furnace.  On  the  whole,  however,  the  stream 
can  not  be  said  to  be  very  favorable  for  water-power.  Eegarding  its  flow  no  data  could  be  obtained.  Some  of  its 
tributaries  have  rapids  and  falls,  and  the  table  on  page  87  will  show  that  they  are  utilized  to  a  very  much  greater 
extent  than  the  main  stream.  On  Yellow  creek,  a  tributary  entering  from  the  west  at  Hopewell,  there  is  said  to 
be  a  good  unimproved  power  at  the  point  where  it  cuts  through  Tussey's  mountain,  but  the  stream  is  very  small. 

The  Frankstown  branch,  which  is  more  accessible  tban  the  Raystown  branch,  is  also  more  important  as  a 
water-power  stream.  Its  sources  are  in  Bedford  and  Blair  counties,  and  it  flows  by  the  towns  of  Hollidaysburg, 
Williamsburg,  and  Alexandria.  It  drains  an  area  of  about  933  square  miles,  and  its  basin  is  perhaps  rather  more 
hilly  and  mountainous  than  that  of  the  other  branch.  The  stream  was  formerly  navigable,  by  means  of  locks, 
dams,  and  canals,  as  far  as  the  town  of  Hollidaysburg,  but  the  works  above  Huntingdon  were  abandoned  for 
purposes  of  navigation  8  or  10  years  ago,  and  the  dams  have  partly  gone  to  pieces,  so  that  the  Huntingdon  dam, 
a  couple  of  miles  above  Huntingdon,  is  now  the  last  navigation  work  on  the  Juniata.  The  dam  at  the  mouth  of  the 
Eaystown  branch  backs  the  water  nearly  up  to  the  town,  and  has  been  described  on  page  73.  The  first  power  on 
the  Frankstown  branch  is  at  Huntingdon,  where  a  grist-mill,  plaster-niill,  and  saw-mill  use  a  fall  of  about  10  feet, 
by  means  of  two  crib-dams  extending  from  the  banks  to  an  island,  one  to  its  head,  the  other  to  its  foot.  The  upper 
is  6  feet  in  height,  and  the  lower  10  (?)  feet ;  the  race  is  a  mile  long,  and  the  power  utilized  is  probably  in  the 
neighborhood  of  100  horse-power.  That  available  is  estimated  on  page  76.  It  is  said  that  there  is  never  lack  of 
water. 

The  next  power  on  the  stream  is  at  the  Huntingdon  dam  (2  miles  above  Huntingdon),  which  is  a  crib-work 
structure  382  feet  long  and  11.5  feet  high,  backing  the  water  a  mile  and  a  half  with  an  average  width  of  about  400 
feet.  No  power  is  used  at  the  dam,  although  it  may  be  said  that  the  total  flow  here  is  available,  the  canal  to  be 
used  as  a  race;  for  no  boats  go  above  Huntingdon,  and  there  is  no  reason  why  the  whole  discharge  of  the  stream 
could  not  be  diverted  into  the  canal,  and,  with  the  exception  of  the  small  amount  necessary  for  feeding  the  levels 
below,  used  for  power  at  some  point  along  the  canal.  A  portion  is  so  used  at  present,  for  between  Huntingdon 
and  the  dam  there  is  a  lock,  where  the  Cottage  Planing  Mills  use  a  power  of  about  40  horse-power,  with  a  fall  of  8 
feet,  discharging  into  the  canal  below.  During  the  winter  they  keep  the  water  in  the  canal  above  at  their  own 
expense.  The  available  power  at  the  dam,  taking  the  fall  as  11^  feet,  is  estimated  on  page  76.  There  is  very  little 
available  fall  between  it  and  the  grist-mill  dam  at  Huntingdon. 

The  next  power  is  at  the  site  of  the  old  canal  dam  known  as  Piper's  dam.    Before  describing  it,  howeve;-,  it 
will  be  well  to  give  a  list  of  all  the  old  dams,  with  their  heights  and  elevations,  copied  from  a  profile  in  the  ofBce  of 
the  canal  company  at  Harrisburg.    As  the  elevations  above  tide  are  not  given,  I  have  calculated  them,  assuming 
that  of  the  Huntingdon  dam  as  622  feet,  which  is  probably  not  more  than  a  few  feet  from  the  truth : 
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Locality. 


Huntingdon  dam,  crest 

Piper's  dam,  water  below 

Piper's  dam,  crests 

Petersburg  dam,  water  below 

Petersbnr*!  dam,  crest 

Big  Water  Street  dam,  water  below. 

Big  "Water  Street  dam,  crest 

Little  Water  Street  dam,  water  below. . 

Little  AVater  Street  dam,  crest 

Willow  dam ,  water  below 

Willow  dam,  crest 

Donnelly's  dam,  water  below 

Donnelly's  dam,  crest 

Smoker's  dam,  water  below 

Smoker's  dam,  crest 

Mud  dam,  water  below 

Mud  dam,  creat 

Williamsburg  dam,  water  below 

Williamsburg  dam,  crest 

Tbreo-Mile  dam,  water  below 

Three-Mile  dam,  crest 

Crooked  dam,  water  below 

Crooked  dam,  crest 

Frankstown  dam,  water  below 

Frankstown  dam,  crest 

HoUidaysburg  dam,  water  below 

Hollidayabnrg  dam,  crest 


Distance 
from 

Hunting- 
don. 


Miles. 
0 

2.5 

2.5 

4.1 

4.1 

10.0 

10.0 

12.4 

12.4 

14.4 

14.4 

17.0 

17.0 

18.7 

18.7 

20.1 

20.1 

23.0 

23.0 

24.1 

24.1 

27.2 

27.2 

33.5 

33.5 

36.4 

36.4 


Elevation 
above 
tido. 


Feet. 
023 

628 

630 

041 

648 

693 

712 

714 

726 

728 

741 

770 

784 

787 

709 

800 

'808 

831 

839 

839 

856 

856 

866 

895 

899 

023 

927 


Distance 
between 
points. 


MUes. 

\  - 

\  " 

I  1.6 

1  « 

!  .■■).  9 

\  « 

\  ^-^ 

\  « 

I  2.0 

\  0 

I  2.6 

\  » 

I  1.7 

[  « 

\  - 

\  0 

[  2.9 

f  « 

\  - 

\  " 

\  3.1 

[  0 

5  6.3 

\  ^ 

[  2.9 

\  0 


Fall 
between 
points. 


Feet. 

6.0 

8.0 

6.0 

6.5 
45.0 
19.3 

2.0 
12.0 

2.0 
13.0 
29.0 
14.0 

3.0 
12.0 

1.0 

7.5 
23.0 
10.0 

0.0 
17.5 

0.0 
10.0 
29.0 

3.6 
24.0 

4.5 


FiiUper 

mile 
between 
points. 


Feet. 
2.4 


3.1 

7.6 

0.8 

1.0 

11.2 

1.7 

0.7 

7.9 

0.0 

0.0 

4.6 

8,3 

DimSNSIOKS  OP  DAM. 

Length. 

Height. 

Feet. 

Feet. 

382 

11.5 

475 

8.0 

300 

6.5 

283 

19.3 

213 

12.0 

281 

13.0 

220 

14.0 

182 

12.0 

180 

7.5 

210 

10.0 

390 

17.5 

200 

10.0 

216 

3.5 

152 

4.5 

At  two  of  tbe.se  dams  mills  were  in  operation  when  the  canal  was  abandoned. 

Above  Huntingdon  dam,  then,  the  next  power  is  at  the  site  of  Piper's  dam,  now  destroyed.  The  old  canal  led 
from  this  dam  into  the  pool  of  tbe  dam  below,  with  two  outlet  locks  at  its  lower  end,  and  only  about  2  miles  above 
the  Huntingdon  dam ;  and  it  is  said  on  good  authority  that  by  using  tbe  fall  of  these  outlet  locks,  the  best  power 
in  the  vicinity  could  be  obtained,  with  a  fall  of  14  feet.  The  power  is  estimated  on  page  76.  The  Petersburg 
dam  is  now  used  to  supply  power  to  a  grist-  and  saw-mill  at  Petersburg,  the  fall  being  8  feet,  and  about  20  horse- 
power being  used;  and  formerly  there  were  rolling-mills  at  the  same  place.  This  dam  is  just  below  tbe  mouth  of 
Shaver's  creek. 

Between  tbe  Petersburg  dam  and  Big  Water  Street  dam  there  is  considerable  fall,  and  the  latter  dam,  which 
is  now  entirely  gone  with  the  exception  of  the  abutments,  was  over  19  feet  high.  The  power  is  said  to  be  an 
excellent  one,  and,  by  rebuilding  the  old  canal,  a  fall  of  over  20  feet  could  be  obtained  at  Alexandria.  It  is  also 
stated  on  good  authority  that  at  almost  all  of  the  other  sites  good  powers  could  be  developed  by  rebuilding  the 
dams,  and  without  doing  much  damage  by  flowage.  It  will  be  seen  from  the  table  that  between  Huntingdon  dam 
and  HoUidaysburg  the  stream  has  an  average  fall  of  8.3  i'eet  per  mile.  A  large  amount  of  power  is  therefore 
theoretically  available,  and  there  seems  to  be  no  reason  why  a  large  proportion  could  not  be  utilized.  The 
Williamsburg  dam  is  still  standing  and  in  good  condition.  It  is  a  mile  or  so  above  tbe  town,  and  between  tbe  two 
there  is  a  lock  with  a  lift  of  8  feet,  so  that  at  Williamsburg  a  fall  of  some  15  feet  or  more  could  be  obtained. 

Three-Mile  dam  is  also  said  to  aflbrd  a  good  po^er,  and  also  the  dams  above.  The  abutments  and  old  locks 
are  still  in  existence,  although  the  dams  have  been  more  or  less  destroyed. 

Two  miles  above  HoUidaysburg  there  is  an  artificial  reservoir,  formerly  used  a  feeder  for  the  canal — tbe  only 
one  on  the  Juniata.  It  has  an  area  of  about  600  acres  and  a  depth  of  20  feet,  and  is  formed  by  a  dam  850  feet  long 
and  30  feet  high,  built  mainly  of  earth,  faced  with  stone,  and  constructed  about  the  year  1846.  The  water  is 
discharged  through  four  30-inch  iron  pipes.  The  bed  of  tbe  stream  is  rock.  A  small  amount  of  power  could  be 
used  here,  with  a  fall  of  20  feet,  and  tbe  reservoir  is  large  enough  to  bold  several  montlis'  flow  of  the  stream,  so 
1012  w  p— vol'  16 38  593 
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that  it  might  be  made  to  serve  a  very  useful  purpose  in  regulating — though  only  to  a  small  extent — the  flow  of  the 
stream  1»elow.  It  may  be  mentioned  that  on  the  Oonemaugh  river,  on  the  other  side  of  the  mountains,  there  was 
formerly  a  length  of  100  miles  of  canal,  now  abandoned,  and  that  near  Willmore's  station  there  was  a  larger 
reservoir  than  that  at  Hollidayaburg,  called  the  "  Western  reservoir". 

Notwithstanding  the  considerable  amount  of  power  which  seems  to  be  available  on  the  Prankstown  branch,, 
but  little  is  used,  as  the  table  on  page  87  shows. 

Of  the  tributaries  of  the  Frankstown  branch.  Standing  Stone  creek,  which  empties  at  Huntingdon,  has  a  few 
mills  and  some  unimproved  powers,  but  they  do  not  seem  to  be  important.  Shaver's  creek  is  similar  in  character.  The 
Little  Juniata,  which  rises  in  Blair  county,  near  Juniata  gap,  and  flows  first  northeast  as  far  as  the  town  of  Tyrone,, 
where  it  bends  to  the  right  and  flows  in  a  southeasterly  direction,  joining  the  main  stream  about  a  mile  above 
Petersburg,  is  the  most  important  tributary  of  the  Prankstown  branch.  It  drains  an  area  of  about  327  square  miles,, 
and  is  followed  for  its  entire  length  by  the  Pennsylvania  railroad,  so  that  every  point  is  easily  accessible.  Its  drainage 
basin  is  moantainous,  and  its  fall  rapid,  so  that  although  its  flow  is  quite  variable  and  its  freshets  are  heavy,  it  does 
not  rise  very  high.  The  fall  is  uniform,  and  very  little  power  is  used  on  the  stream,  although  there  are  numerous 
sites  where  it  could  be  developed.  The  first  mill  is  just  above  Petersburg,  near  the  mouth,  the  dam  being  about  & 
feet  high,  and  the  fall  used  11  feet.  The  mill  is  a  grist-mill,  with  probably  40  or  50  horse-power.  At  Barree  there 
are  a  furnace,  a  forge,  a  saw-mill,  and  a  grist-mill,  with  a  fall  of  13  feet.  Above  Tyrone,  where  the  drainage  area 
is  about  154  square  miles,  there  is  no  power  of  importance  used,  except  about  a  mile  above  the  town,  where  the 
Pennsylvania  Axe  Company  is  putting  up  two  dams  across  the  stream,  intending  to  connect  the  races  and  utilize 
a  fall  of  11  feet,  formerly  used  by  a  forge.  Of  sites  not  used  I  can  only  mention  as  once  utilized  those  at  Tyrone 
forges,  and  at  the  site  of  an  old  forge  just  below  Tyrone.    Other  and  perhaps  better  sites  could  no  doubt  be  found. 

None  of  the  tributaries  of  the  Little  Juniata  are  worthy  of  special  mention,  though  some  have  large  falls. 

The  following  table  gives  a  summary  of  the  power  at  various  places  referred  to  in  the  previous  pages,  based, 
of  course,  on  estimates : 


Looality. 


Millcrstown  dam. 

LewLstowD  dam 

Newton  Hamilton  dam. .. 

Ilaystown  dam 

Huntingdon 

Huntingdon  dam 

Piper's  djm  (outlet  looks) 

Petersburg  dam 

Big  Water  Street  dam. . . . 


Drainage 
area. 


Sg.  miles. 

2,990 

2,650 

2,270 

1,842 

770 

759 

750 

750 

356 


CO 


Inches. 
11 
11 
11 
11 
11 
11 
11 
11 
11 


Inclies. 
12 
12 

.  12 
12 
12 
12 
12 
12 
12 


a 

a 

s 


Inches. 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Inches. 


Inches. 
41 
41 
41 
41 
41 
41 
41 
41 
41 


Fall. 


Feet. 
7.5 
8.0 
8.0 
7.5 
10.0 
11.5 
14.0 
G.  5 
19.3 


HOESE-POWEH  AVAILABLE,  GEOSS.(a) 


a 

.9 


300 
275 
250 
200 
100 
115 
140 
65 
90 


Sg 

^  CO 


450 
400 
375 
300 
150 
160 
210 
100 
130 


3° 


1,500 

1,400 

1,250 

1,000 

750 

875 

1,075 

500 

700 


525 
480 
440 
350 
175 
190 
250 
115 
150 


Kemarks. 


Dam  7.5  feet  higk^ 
Dam  8  feet  liigk. 
Dam8feetWgh. 
Dam  7.5  feet  liij;U. 
Kaoe  1  mile  long. 
Dam  11.5  feet  high. 

Dam6.  5feet  hirfi. 


a  See  pages  8  to  11. 

These  figures  are  not  of  very  much  value,  but  they  serve  to  give  an  idea  of  the  amounts  of  power  which  could 
be  developed  at  the  places  named.  The  table  of  drainage  areas  on  pages  78  to  SO  will  enable  any  one  who  is 
acquainted  with  the  country,  and  has  studied  the  remarks  on  flow  in  this  report  and  that  on  the  southern  Atlantic 
water-shed,  to  estimate  intelligently  for  himself.  The  tributaries  of  the  Juniata  being  so  little  used,  it  is  scarcely 
necessary  to  give  estimates  for  them. 

The  first  tributary  of  the  Susquehanna  below  the  Juniata  is  the  Little  Juniata,  a  small  stream  and  of  no 
importance.  The  next  is  Sherman's  creek,  which  also  enters  from  the  west,  and  traverses  the  entire  length  of 
Perry  county  from  west  to  east.  It  is  similar  in  character  to  the  lower  tributaries  of  the  Juniata,  and  has  no 
powers  of  much  importance.  Stony  creek,  from  the  east,  is  a  small  stream  draining  a  narrow  valley,  and,  although 
over  20  miles  long,  has  scarcely  a  tributary.  Conedogwinet  creek,  from  the  west,  is  a  considerable  stream,  rising 
in  Franklin  county,  and  passing  through  Cumberland  in  an  easterly  direction,  emptying  2  miles  above  Harrisburg. 
It  drains  a  region  rather  more  open  and  less  mountainous  than  that  along  the  Juniata,  and  its  course  is  very 
tortuous.  It  is  extensively  used  for  power,  chiefly  for  grist-mills,  and  no  important  unimproved  sites  were  spoken 
of.  The  most  important  utilized  power  is  at  the  mouth,  where  a  crib-work  dam  300  feet  long  and  8  feet  high 
supplies  power  to  n.  nail  factory  and  rolling-mill,  using  a  fall  of  8  feet  and  200  horse-power  or  over,  which,  howeveiv 
can  be  obtained  during  only  eight  months.  In  the  summer  there  is  no  waste,  and  the  water  is  probably  drawn 
down  in  the  pond.  The  bed  of  the  stream  is  said  to  consist  of  ledges  of  rock  at  this  place  and  at  many  places 
above,  and  the  banks  are  generally  high  and  not  favorable  for  large  reservoirs.  All  the  good  sites  on  the  stream 
are  said  to  be  occupied. 
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Yellow  Breeches  creek,  which  rises  iu  the  western  part  of  Ouiuherlaud  county,  aud  in  the  lower  part  of  its 
course  forms  the  boundary  line  between  that  county  and  York,  is  a  similar  stream.  Its  fall  is  quite  large,  and  it  is 
utilized  by  a  number  of  mills,  but  none  are  of  importance.  The  stream  and  its  tributaries  are  considered  good 
water-power  streams,  and  their  flow  is  said  to  be  not  very  variable.  "So  good  sites,  it  is  said,  remain  unoccupied, 
except  on  some  of  the  small  tributaries.  Mountain  creek,  one  of  them,  is  used  at  Laurel  Forge  in  various  ways 
by  the  South  Mountain  Iron  Company,  there  being  two  falls,  one  of  24  and  one  of  30  feet,  and  the  power  being 
about  35  and  25  horse-power,  respectively;  and  at  Mount  Holly  Springs  the  same  stream  runs  the  two  paper-mills 
of  the  Mount  Holly  Paper  Company,  each  with  a  fall  of  20  feet,  and  110  horse-power  during  eight  months,  besides 
•A  third,  with  a  fall  of  13  feet,  and  70  horse-power  during  eight  months.    Steam  is  used  in  all  during  the  dry  weather. 

Conewago  and  Codojus  creeks,  from  the  west,  are  similar  streams,  but  regarding  their  power  I  have  no  d^.tails. 
No  sites  of  special  importance  were  mentioned. 

The  first  large  tributary  from  the  east  below  Harrisburg  is  Swatara  creek,  which  rises  in  Schuylkill  county 
and  flows  in  a  general  southwesterly  direction  through  Lebanon  and  Dauphin  counties,  draining  an  area  of  536 
square  miles,  and  emptying  into  the  Susquehanna  at  Middletown.  The  lower  part  of  its  course  lies  through  a  hilly 
and  rolling  farming  country,  the  bed  being  generally  gravel  and  sand,  though  sometimes  rock,  and  the  banks  low 
and  sometimes  overflowed.  Toward  the  head-waters,  which  approach  those  of  the  Schuylkill,  the  country  is  more 
broken,  the  banks  higher,  and  the  bed  oftener  rock.  The  fall  of  the  stream  is  gradual,  there  being  no  natural  falls 
or  rapids  of  importance,  except  on  the  upper  parts,  and  the  slope  does  not  exceed  about  3  feet  per  mile  for  the  ttrst 
25  or  30  miles.  Eegarding  the  flow  I  have  no  data.  The  character  of  the  greater  part  of  the  drainage  basin  is  not 
such  as  to  cause  the  rapid  discharge  of  storm-waters,  the  soil  is  cultivated,  and  the  rainfall  is  quite  favorably 
distributed,  being  largest  in  summer  and  autumn.  The  freshets  are  said  to  be  not  very  violent,  and  the  rises  not 
very  sudden.  The  stream  is  followed  for  about  25  miles  by  the  Union  canal,  which  connects  Middletown  with 
Reading,  and  for  10  or  12  miles  farther  by  a  branch  of  the  canal  extending  to  what  seems  from  the  map  to  be  an 
artificial  reservoir  used  as  a  feeder;  but  no  details  regarding  it  could  be  obtained.  With  this  exception  there  are 
no  lakes  or  artificial  reservoirs  in  the  basin,  excepting  mill-ponds.  The  power  utilized  on  the  stream  will  be  found  in 
the  table  on  page  88,  to  which  I  can  add  little  in  the  way  of  explanation.  The  grist-mills  use  only  small  amounts 
of  power,  running  generally  three  pairs  of  stones.  The  first  dam  on  the  stream  is  one  used  as  a  feeder  for  the 
Pennsylvania  canal,  and  is  situated  just  above  the  mouth.  It  is  a  crib-work  dam,  548  feet  long  and  7  feet  high, 
backing  the  water  less  than  a  mile.  A  grist-mill  is  supplied  from  it,  using  a  fall  of  8  feet  and  running  two  pairs  of 
stones;  but  as  the  water  is  diverted  from  the  stream  by  a  dam  a  short  distance  above,  and  carried  by  to  supijly  a 
mill  below,  full  capacity  can  be  obtained  during  only  about  eight  months.  No  sites  of  importance  not  utilized  were 
spoken  of,  and  it  is  probable  that  they  do  not  exist.  It  was  said,  however,  that  the  traffic  on  the  Union  canal  is  so 
small  that  it  will  soon  be  abandoned  as  a  navigation  canal,  and  that  by  using  it  as  a  race  considerable  water-power 
could  be  utilized;  but  at  present  no  power  is  so  used. 

The  next  stream  of  importance  from  the  east  is  Conestoga  creek.  Taking  its  rise  in  the  southernmost  corner 
of  Berks  county,  it  flows  first  west  and  then  southwest,  through  Lancaster  county,  and  within  a  mile  or  two  of  the 
town  of  the  same  name,  emptying  into  the  Susquehanna  10  or  12  miles  below  Columbia.  It  drains  a  rolling  farming 
country,  its  bed  is  gravel  and  sand,  its  fall  moderate,  and  its  flow  quite  variable.  It  has  no  lakes  or  falls,  and  is 
utilized  quite  extensively  by  small  grist-mills  with  from  two  to  five  pairs  of  stones,  those  near  the  mouth  of  the 
stream  generally  running  all  the  year.  The  distribution  of  the  rainfall  is  quite  favorable  for  constancy  of  flow,  and 
the  stream  is  said  to  be  fed  largely  from  springs.  No  unimproved  sites  for  power  were  discovered.  Of  those  utilized 
we  may  mention  the  Slackwater  paper-mills,  some  5  miles  from  the  mouth  of  the  stream,  using  a  fall  of  12  feet 
and  about  160  horse-power;  the  water- works  at  Lancaster,  used  for  pumping  water  for  the  supply  of  the  city,  with 
a  fall  of  6  feet ;  and  Levan's  flour-mill,  with  a  fall  of  6  or  7  feet,  and  running  seven  pairs  of  stones  night  and  day, 
but  during  only  six  or  eight  months.  Many  of  the  mill-ponds  are  large  enough  to  allow  of  considerable  storage 
during  the  night. 

The  remaining  tributaries  of  the  river  below  Columbia  are  small  streams,  and  may  be  dismissed  with  a  few 
words.  From  the  west  there  are  the  following :  Creitze  creek,  emptying  at  Wrightsville,  oijposite  Columbia,  a  small 
stream,  running  a  number  of  grist-mills  with  from  three  to  five  pairs  of  stones,  some  with  extra  steam-power,  and 
none  able  to  run  in  very  dry  weather ;  then  a  number  of  small  streams  running  a  few  grist-mills,  saw-mills,  furnaces, 
fouaderies,  etc.;  Muddy  creek,  emptying  about  3  miles  above  Peachbottom,  with  grist-  and  saw-mills,  a  foi'ge,  woolen- 
mill,  and  spoke  factory  on  the  stream  and  its  branches ;  Broad  creek,  a  smaller  but  similar  stream ;  Deer  creek, 
emptying  at  the  head  of  tide- water,  and  running  a  number  of  grist-,  saw-,  and  flint-mills,  the  former  aver'aging  three 
pairs  of  stones.  These  streams  are  all  similar  in  general  character,  having  a  gradual  fall,  often  quite  large,  beds  of 
gravel  and  sand,  banks  generally  low,  no  lakes  or  artificial  reservoirs,  no  natural  falls,  and  a  quite  variable  flow. 
There  are  said  to  be  numerous  sites  not  used — for  instance,  six  on  Deer  creek,  within  12  miles  of  its  mouth,  the 
largest  with  an  available  fall  of  12  feet.  On  some  small  secondary  tributaries  there  are  precipitous  falls,  some 
utilized.  • 

From  the  west  there  are  the  following  streams  below  the  Conestoga:  Pequea,  Muddy,  Fishing,  Peter's,  and 
Conewingo  creeks,  all  with  small  mills;  and  Octorara  creek,  the  most  important,  emptying  at  Eowlandville, 
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Maryland,  about  3  miles  above  Port  Deposit.  At  its  mouth  is  the  power  of  the  McOullough  Iron  Company,  with 
a  dam  about  170  feet  long  and  12  feet  high.  That  the  stream  is  subject  to  considerable  freshets  is  shown  by  the 
fact  that  the  original  log  dam  at  this  place,  built  in  1828,  was  swept  away  in  1857,  and  that  the  stone  dam  by  which 
it  was  replaced  was  also  swept  away  in  1881.  The  present  dam  is  of  crib- work  filled  with  stone  and  concrete.  A 
race  100  yards  long  gives  a  fall  of  14  feet,  used  for  the  rolling-mill,  the  power  being  stated  at  120  horse-power  during 
seven  months,  and  one  half  to  two-thirds  of  that  amount  during  the  rest  of  the  time.  .The  pond  is  large  enough  to 
store  the  water  in  dry  seasctfis  during  the  four  hours  when  power  is  not  used.  About  a  mile  above  this  power  is 
an  unimproved  site  with  a  fall  stated  at  25  feet;  and  still  farther  up  are  a  number  of  small  mills,  generally  grist-mills, 
though  there  is  one  paper-mill  near  Eising  Sun,  Maryland,  with  a  fall  of  18  feet.  The  streams  from  the  east  have  the 
same  general  character  as  those  from  the  west,  but  seem  to  have  more  fall  and  higher  banks.  The  Octorara  is  said 
to  be  an  especially  good  stream  for  power,  on  account  of  its  rapid  fall  and  its  favorable  locations. 

The  principal  fact  that  strikes  one  in  considering  the  power  of  the  Susquehanna  is  the  comparative  absfence  of 
large  falls.  And  as  regards  the  tributaries,  the  most  prominent  point  is  their  gradual  fall  and  the  absence  of 
cataracts  like  those  on  so  many  of  the  northern  and  southern  rivers.'  On  this  account  it  has  been  impossible  to 
give  much  of  an  idea  of  the  available  power  which  they  offer  or  the  sites  which  are  capable  of  being  developed  with 
advantage. 

The  first  of  the  following  tables  gives  the  drainage  areas  of  the  Susquehanna  and  tributaries,  and  the  second 
the  power  utilized,  tabulated  from  the  returns  of  the  enumerators: 

Table  of  drainage  areas  of  the  Susquehamia  river  and  tributaries. 


stream. 


Kortli  T)rancli  of  Susquehanna  river 

Do 

Do 

Do 

Do ; 

Do , ' 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Bo 

Do 

Do 

Do 

lOak  creek 

Cherry  Valley  creek 

Sehenevas  creek 

Charlotte  river 

Otcgo  creek 

Oaliont  creek 

Unadilla  river 

Battemut  creek 

Wharton  creek 

Bennett's  creek 

Chenango  river 

Do 

Do 

Canasawacta  creek 

Genegantslet  creek 

TiouRhnioga  liver 

Do 

West  hranch  TionghniORa  river » . 

East  hranch  Tionghnioga  river 

OtSflic  river 

Stariicca  creek  

Owego  creek 

Cayuta  (Shepard's)  creek 

Chemung  river 

Do 

Do 

Conhocton  river ■ 

.Tioga  river 

Do 

5% 


Tributary  to  "what. 


Locality. 


Atlantic  ocean. 
....do 


.do  . 

do. 

do  . 
.do  . 
.do. 
.do. 

do. 

do. 

do  . 
.do. 
.do. 

do  . 

do  . 

do  . 

do  . 

do  . 


North  branch  of  Susquehanna  river^ 

...do 

...doi 

...do 

...  do 

...do  

...do 

TJnadilla  river 

.' ..do 

North  hranch  of  Snsquehanna  river  . 
...do  

..:.do  

..  do 

Chenango  river 

...do 

...do 

...  do 

Tioughnioga  river 

...do  

...do  

North  branch  of  Susquehanna  river  . 

...do  

..do 

..do 

...do 

...do • 

Chemung  river 

...do  

...do 


A  hove  mouth  of  Oak  creek 

Below  mouth  of  Oak  creek 

Below  mouth  of  Charlotte  river  . 
Below  mouth  of  TJnadilla  river  . . . 

Nineveh 

Susquehanna 

Binghamton 

"Above  mouth  of  Chemung  river. 
Below  mouth  of  Chemung  river  . 

Nanticoke 

Berwick 

Moiith  , 

Below  mouth  of  West  branch  . . . 

Clark's  Ferry 

Below  mouth  of  Juniata  river 

Falmouth 

Columbia 

Mouth 

...do 


.do  . 
:do  . 
,  do  . 

do. 
.do  . 
.do  . 

do  . 

do  . 

do  . 


Above  Canasawacta  creek 

Above  Tiough'nioga  creek 

Mouth 

..  do 

...do 

Above  mouth  of  Otselio  river. 

Mouth 

..  do 


do  . 
do  . 
do  . 
do  . 
.do  . 


Junction  of  Canisteo  and  Conhocton  rivers  - 

Eimira 

Mouth 

...do 

...do 

Above  mouth  of  Cowanesque  creek 


Drainage 

area. 


Square  miles. 

97 

212 

713 

1,638 

1,789 

2,024 

2,279 

4,945 

7,463 

9,850 

10,  059 

10,  959 

17, 425 

18,  829 

22, 052 

23,859 

24,835 

26,233 

115 

121 

127 

178 

106 

115 

561 

123 

92 

47 

297 

685 

1,540 

63 

102 

428 

735 

103 

164 

269 

75 

391 

148 

1,941 

2,107 

2,518 

607 

1,  S34 

433 
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Table  of  drainage  areas  of  the  Susquehanna  river  and  tributaries — Oontiuued. 


StreanL 


Tioga  river , 

Caniateo  river 

Tuaoarora  creek 

Cowanesque  creek 

Sngar  creek 

Towanda  creek 

Wysox  creek 

Wyalusjng  creek 

'Xuukliaunoek  creek 

Lackawanna  creek 

Little  Wapwallopen  creek 

Big  Wapwallopen  creek 

Nescopec  creek 

CataTvissa  creek 

Fishing  creek 

West  branch  of  Susixuehanna  river . 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Clearfield  creek 

Moshannon  creek 

Mosqaito  creek 

SinnemaUonins  oreek 

Do 

Do 

Trout  run 

©rif  twood  branch 

First  fork 

Kettle  creek 

Bald  Eagle  creek 

Beach  creek 

Fishing  creek 

Spring  creek 

Pine  creek 

Big  Larry's  creek 

I^ycoming  creek  . . ., 

Loyalsock  creek 

Muncy  creek 

White  Deer  creek 

Chilli&quaque  creek 

Shamokin  creek 

ilahanoy  creek 

Mahontongo  creek 

"Wiconisco  creek 

Clark's  ci-eck   

Bonn's  creek 

Middle  creek 

Juniata  river 

Do 

■  Do... 

Dq 

Do 

ilajstown  branch  of 

Do 

Frankstown  branch  of 

Do 

Do 

Do 

Do...., 

Do 

Do 

Do 

Do 

DO 

Do 

Do  


Tributary  to  what. 


Chemung  river 

..  do 

Canisteo  river 

Tioga  river 

North  branch  of  Susquehanna  river  . 

...do 

...do  

...  do  

....do .'. 

...do 

...do  

...do  

...do  

...do  

...do 

Susquehanna  river - 

...do 


.do. 
.do  . 

do. 
.do  . 

do  . 

do. 


West  branch  of  Susquehanna  river  . 
..do 


.do  . 

do. 
.do. 

do  . 


Sinnemahoning  creek 

..do 

...do 

West  branch  of  Susquehanna  river . 

..do 

Bald  Eagle  creek 

.  do 

...do 

West  branch  of  Susquehanna  river . 
...do 


.do  . 
.do. 

do  . 
.do  . 

do  . 


North  branch  of  Snsquehanna  river . 
...do 


do  . 
.do 
.do  . 

do  . 
.do  , 


Susquehanna  river. 
...do 

...do 

...do 

...  do 

Juniata  river 

...do 


..do  . 
..do  . 
..do  . 
..do. 
..do  , 
..do. 
•  do  . 

.do. 

.do. 

.do. 
..do. 

.do. 


Locality. 


Above  month  of  Canisteo  river  . 

Mouth 

...do 


.do. 
.do. 

do  . 
.do  . 
.do  . 

do  . 
.do- 
.do. 

do  . 

do  . 
.do. 

do. 


Above  mouth  of  Clearfield  creek 

Above  mouth  of  Sinnemahoning  creek  . 

Queen's  run 

•Lock  Haven 

Williamsport 

Muncy  dam 

Louisburg 

Mouth 

..  do 

...do 

...do .f 

Benezette 

Driftwood 

Mouth 

...do 


do  . 

.do. 

.do  . 

do  . 

.do. 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
.  do  . 
do  . 
.do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
.  do  . 
..do  . 
..do  . 


Drainage 
area. 


Below  junction  of  two  branches. 

Newton  Hamilton 

Lewistown  dam 

Millerstown 

Mouth 

Hopewell 

Mouth 

HoUidaysburg 

Crooked  dam 

j  Three-Mile  dam 

Williamsburg 

Mud  dam 

Smoker's  dam 

Donnelly's  dam 

Willow  dam 

Water  Street  dam .» 

Alexandria 

Mouth  of  Little  Jnniata 

Piper's  dam 


Square  miles. 

776 

5i5 

120 

288 

177 

220 

90 

204 

409 

323 

38 

68 

■145  , 

131 

353 

476 

1,437 

3,032 

3,041 

6,  300± 

6,010 

6,308 

6,466 

342 

233 

54 

163 

3b4 

962 

48 

314 

240 

215 

726 

157 

16» 

148 

930 

85 

261 

494 

185 

40 

119 

'  165 

133 

166 

88 

47 

361 

147 

1,842 

2,270 

2,550 

2,990 

3,  223 

588 

909 

129 

249 

273 

279 

833 

333 

342 

347 

356 

360 

374 

750 

597 
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Table  of  drainage  areas  of  the  8usquehanna  river  and  tributaries — Continued. 


stream. 


Frankstown  branch  of . . 

Do  

Standing  Stone  creek  . . . 

Sfaaver's  creek 

Little  Juniata  river 

Bo 

Do 

Si*ruce  creek 

Bald  Eagle  creek 

Great  Augliwick  creek  . 
Kishacoquillaa  creek  . , . 

Jack's  creek 

3^u8carora  creek 

Swatara  creek 

Concwago  creek 

Sherman's  creek 

Conedogwinit  creek 

Xellow  Breeches  creek  . 

Pequea  creek 

Coaestog.a  creek 

Do  

Conewingo  creek 

Octorara  creek 

Deer  creek , 


Tributary  to  what. 


Juniata,  river 

....do 

Frankstown  branch  . 

....do 

...do :.. 

...do 

...do 

Little  Juniata  river. . 

...do 

Juniata  river 

..  do 

...  do  

....do 

Susquehanna  river. . . 

...do 


do  . 

do. 

do  . 

dov 
.do  . 
.do  . 

do. 

do  . 

do. 


Locality. 


I 


Huntingdon  dam 

Month 

...do 

...do 

Tyrone  (including  Bald  Eagle  creek)  . 

Barree 

Mouth 

...do , 

...do 

...do 

..  do 

..  do 

...do 

...do 

..  do "... 

..do 

...do  

...do 

..  do 

Lancaster 

Mouth 

...do 

..do 

...do 


Drainage 
area. 


'Square  mUeg. 
759 
933 
129 

45 
154 
325 
327 

94 

54 
316 
174 

55 
252 
536 

58 
232 
450 
247 
148 
332 
474 

31 
178 
128 


Table  of  utilized  power  on  the  Susquehanna  river  and  tributaries. 


stream. 

Tributary  to  -what. 

State. 

County. 

Kind  of  mill  or  mann- 
facture. 

to 

B 
B 

tt-l 

o 

t 

r3 

% 

1 

u 

North  branch  ot  Susquehanna  river  . . . 
Do             

KewYork... 
do 

Agricultural  implements.  - 

14 
(!) 

(?) 

2 
2 
2 
3 

1 
1 
1 
1 

Feet. 
5 

8 
32 
82  + 

6 

7 

6.5 

22 

4 

7 
20 
13.5 

5.5 

4 

7.5 
(?) 

5 

4.5 

(!) 
8 

13 
14 
10 
10 

7 

8 

10 

....do  

do 

10 

Do             

....do  

do 

do 

15 

Do         

...do 

do 

do 

Flouring  and  grist 

Saw 

170 

H9      

...do    ..    . 

do 

do 

371 

»<!> 

..do 

...  do    

...  do     

Do      

...do  

do 

do 

Machinery 

7 

Do...,'. 

...do  

....do 

Do 

...  do  

..  do   . 

Flouring  and  gi-ist 

do 

Do 

...do 

....do  

Chenango 

do 

170 

D® 

...do  

.    do       

Saw 

20 

Do 

...do  

..  do       

Q 

Do 

...do 

do 

do 

Flouring  and  grist 

113 

Do 

...do  

....do  

Do 

...do 

...do  

....do    

Do 

...do  

....do  

...  .do 

Do  

.. -do 

...do    

do 

10 

Do 

..do 

....do    

do 

30 

Do 

...do 

....do  

....do  

(?) 
12 

Do. 

..  do ; 

....do  

...do       

Do 

...do 

....do  

do        .     . 

2 

Do 

..do 

....do  

...do    

10 

Do 

....do 

Pennsylvania. 
...do 

Susquehanna 

....do    . 

Sasli,  doors,  and  blinds 

25 

(?) 
110 

Do 

....do 

Do 

...do 

....do 

do 

Flouring  and  grist 

Do 

...do  

New  York .... 
Pennsylvania 
....do 

Do 

....do  

Bradford 

do 

(?)20 
86 

Do 

....do  

do 

Flouring  and  grist 

do{6) 

Do 

....do  

....do  

Do 

....do  

....do 

Kr'<r(&) 

20 

Do • 

...do  

....do 

do 

Do 

..  do 

...do  

Snyder 

Saw(&) 

40 

■a  The  power  on  the  main  stream  used  for  saw-mills  can  not  be  distinguished  from  that  on  the  tributaries.    The  total  is  given  under  the  head  of  the  tribntarles. 
lb  From  Pennsylvania  canal. 
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stream. 


North  branch  of  Snsqnehanna  river  . 


Do 

Do 

Do 

Do 

Do 

Tributaries  of. . 

Do 

Do  

Do 

Do 

Do 

Do 

Do  

Do 

Do  


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do..: 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do  

Do 

Do 

CJheDango  river . 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Tributaries  of . 
Do 


Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do.. 

Do. 

Do. 

Do. 

Do. 

Do.. 

Do.. 

Do.. 


Tribatary  to  what. 


Atlantic  ocean 

...do 

...do 

....do  

....do , 

...do  

Susquehanna  river- . 

...do 

...do 

...do  .'. 

...do 

...do  

...do , 

....do 

..  do 

....do  

...do 

....do  

...do 

..  do 

...do 

...do 

...do : 

....do  

...do  

...do 

....do  

...do 

...do  

...do  

...do 

...do 

...do 

..do 

...do 

..  do 

...do 

...do 

...do 

...do 

..  do 

...do  

...do 

...do 

..do 

...do  

...do 

...do 

...do 

...do 

Chenango  river 

...do 


.do. 
.do 

.do  , 
.do  . 

do  . 

do  . 

do  . 
.do  . 
.do  . 

do. 
.do  . 
.do  . 
.do  . 

do  . 


State. 


Pennsylvania 
...do 


...do  

...do 

...do 

...do 

New  York. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

..do 

...do 

...do 

..do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do 

...do , 

...do , 

...do , 

...do 

...do , 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do  

...do 

...do  

...do 

...do 

...do 

...do.. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


County. 


Porry 

Danphin . . 
....do 

...do 

Lancaster. 
...  do 

Otsego 

....do  

...do 

....do 

....do  

....do  ..... 

....do  

....do , 

....do 

...do 

...do 

....do 

....do 

....do 

...  do  

....do 

...do 

Schoharie . 

....do  

...  do 

....do 

....do 

Delaware . 

....do 

...do 

...  do , 

....do 

....do  

HerliLimer  . 

...do 

....do 

Madison  .. 

...do 

....do 

....do 

...do 

Chenango. 

...do 

...do 

Broome 

...do , 

...do 

..  do 

...do  

Madison... 

..  do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do 

Onondaga.. 

...do 

...do 

Cortland. .. 

...do 


Kind  of  mill  or  mann- 
facture. 


o  From  Pennsylvania  canal. 


Saw  (o) 

....do  (ft) 

Flouring  and  grist  (o) 

Canal  shops  (a) 

Saw(!))  

Flouring  and  grist  (6) 

Woolen 

Cotton 

Agricultural  implements . 

Butter  and  cheese 

Blaeksmithing 

Box 

Keg 

Furniture 

Flouring  and  grist 

Saw 

Leather 

Last 

Machinery 

Paper 

Sash,  door,  and  bUnd 

\Vht.'elwrighting , 

"Wooden  ware 

Foundery  

Planing 

Wljeelwrighting 

Flouring  and'  grist 

Saw 

Flouring  and  grist 

Woolen 

Saw  

Leather 

Machinery 

Wheel  wrighting 

Box 

Flouring  and  grist 

Saw 

Carriage 

Flouring  and  grist 

Saw 

Leather 

Wheel  wrighting 

Flouring  and  grist 

Fertilizers 

Planing 

Flouring  and  grist 

Broom  and  brush 

Saw 

Paper 

Foundery 

Keg 

Butter  and  cheese 

Flouring  and  grist 

Furniture 

Saw 

Planing 

Leather  

Pumps 

Wheel  wrighting 

Woolen 

Silli 

Flouring  and  grist 

Flax-dressing. 

Saw 

Blacksmithing  

Woolen 

From  Columbia  dam. 


3 
a 
•s 

1 

1 
s 

a 
1 

Feet. 

1 

7 

1 

7 

1 

15 

1 

11 

1 

6.6 

2 

11 

6 

U9 

3 

26 

1 

6 

1 

6 

2 

32 

2 

19 

2 

12 

35 

481 

72 

980 

7 

8.1 

1 

16 

3 

30 

1 

10 

1 

13 

S 

57 

1 

8 

1 

16 

1 

18 

1 

18 

1 

20 

5 

68 

9 

110 

1 

9 

15 

196 

1 

3 

1 

7 

1 

12 

2 

17 

2 

33 

1 

22 

2 

20 

2 

63 

2 

19 

1 

8 

1 

9 

5 

24 

1 

4 

1 

4.5 

4 

21.5 

1 

4.5 

1 

7 

1 

4.5 

1 

4 

1 

8 

1 

10 

11 

153 

2 

17 

19 

260 

1 

13 

1 

22 

1 

24 

2 

16 

3 

50 

1 

23.5 

2 

42 

1 

10 

1 

10 

2 

7.5 

1 

6 

so 

1" 

H 


60 


70 

(1)28 

28 

438 
46 
10 
12 
25 
27 
40 
1,103 
1,758 

167 
20 
58 
55 
20 

104 

18 

4 


30 

92 

300 

15 

409 

24 

4 

5 

90 

65 

30 

5 

50 

73 

10 

2 

240 

18 

15 

265 

12 

25 

80 

18 

10 

4 

376 

18 

550 

18 

6 

12 

12 

148 

76 

41 

7 

24 
5 
4 


599 


82 
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stream. 


Tributaries  of . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Do 

.Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tribataries  of.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

609 


Tributary  to  what. 


Chenango  river.. 

....do  

....do  ...., 

...do  

...do  

...do 

....do  

.-..do  

...do 

...do  

.--.do  

.-..do.i : 

--.do 

.^.do 

...do... 

...do   .^ , 

..  do ! 

...do 

...do 

...do 

...do...... 

...do 

...do 

...do 

...do ; 

...do 

...do 

...do 

...do 

...do 

North  branch  of  Susquehanna  river 

.-do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do.... 

..  do 

...do 

...do 

..do 

-do 

..do 

..do 

..do 

..do.  

..do 

..do 

.  do 

.do 

..do 

..do 

..do 

..do 

-do 

..do 

..do 

do    

do 

..do 


State. 


New  York . . 

..  do 

--  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

.'.do 

...do 

..do 

..do , 

..do , 

..do 

..do 

..do 

..do 

..do   

..do 

..do 

...  do 

....do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

Pennsylvania 

...do 

New  York  . . . 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

--.do 

...do 

...do 


County. 


Cortland.. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

..do 

Chenango. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

....do  

...do 

...do 

...  do 

■■■io 

Broome. ... 

...do 

...do    

...do 

Madison .  -  - 

.-.do 

-..do 

...do 

...do 

Chenango.. 

...do 

...do 

...do 

...do 

...do 

....do 

....do 

Broome 

....do , 

...do  

...do 

...do  

...do 

...do 

...do  

Wa.vno 

....do 

Tioga 

....do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Chemung . . . 


Kind  of  mill  or  manu- 
facture. 


Carriage 

Keg... 

Cutlery 

Flouring  and  grist 

Furniture 

JFlax-dressing 

Saw 

Leather 

Machinery L 

Vegetable  oil 

"Wooden  ware 

Agricultural  implements 

Woolen 

Box 

Blacksmithing 

Cutlery , 

Carpenter.shop 

Flouring  and  grist 

Dyestnffs  and  extracts . . . 

Furniture 

Saw 

Lumber 

Planing 

Leather 

Machinery 

Wheelwrighting 

Flouring  and  grist 


Saw 

Furniture 

Box 

Flouring  and  grist 

Saw 

Planing , 

Leather , 

Keg 

"Woolen 

Flouring  and  grist 

Drugs  andjchemicals 

Furniture  

Foundery 

Saw 

Safih,  doors,  and  blinds. . . 

Flouring  and  grist 

Agricultural  implements 

Clothing 

Beehives 

Leather 

Saw 

Furniture 

Wheelwrighting 

Saw 

Flouring  and  grist 

Agricultural  implements 

Woolen 

Blacksmithing 

Cutlery 

Keg ■ 

Dycstuffs 

Fertilizers 

Saw 

Paper 

Leather 

Wheelwrighting 

Flouring  and  grist 

...do 


1 

2 

'     1 

22 
3 
1 

28 
3 
1 
1 
1 
2 

a 

1 

3 
1 
1 
17 
1 
1 
10' 
36 
1 
2 
1 
1 
6 
1 
8 
1 
1 
4 
i 
1 
1 
1 
1 
8 
1 
2 
1 
U 
1 
7 
1 
1 
1 
2 
23 
1 
1 
6 
1 
1 
1 


Feet. 

10 

12 

6 

317 

32 

9 

303 

36 

5 

6 

6.5 
16 


6 
18 

9 

9 
198 

9 

8 

97 

515 

8 
26 

4 
11 
75 
15 
77 

7 
11 
52 
49 

8 
22 

7 

4 
161 
28 
28 
14 
163 
5 


16 
283 

4.5 

6 
96 
11 

6.5' 

8 
11.5 

5 
16.5 

8 

6 
215 
10 
17 
15 
114 
15 


8 

25 

12 

685 

25 

9 

785 

34 

8 

23 

12 

43 

35 

25 

18 

30 

10 

295 
20 
15 

219 
1,007 
15 
20 
4 
38 

160 
10 

380 

6 

30 

130 
72 
18 
56 
10 
20 

224 

33 

20 

5 

357 
25 

237 
8 
1 
4 

18 

607 

20 

15 

186 

30 

18 

20 

18 
0 

23 

20 

10 
871 

80 

45 

28 
516 

90 
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stream. 


Other  tributaries  of  . 

Do 

Do 

Chemunj;  river 

D. 

Do    

Tributaries  of 

Do  

Do 

Do 

Do 

Do 

Conliocton  river 

Do 

Do 

Do 

Tributaries  of 

Do 

Do 

Do  

Canisteo  river 

Do 

Do  

Do , 

Tributaries  of 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Tioga  river 

Do 

Do 

Do 

Do 

Tributaries  of . 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Sugar  creek 

Do 

Do 

Do 

TowaDda  creek 

Do 

Tunkbannock  creek  . 

Do 

Do 

Do 

Do 

Do 

Lackawanna  river  ... 

Do 


Do. 
Di. 
Do. 
Do. 
Do. 
Do. 
Ds: 


Tributary  to  what. 


North  branch  of  Suequehauna  river, 

...do  

..  do 

...do 

...do 

...do 

Chemung  river 

...do  

...do 

..  do 

...  do  

...do 

Chemung  river 

...do  

...do 

...  do 

Conhocton  i^ver 

...do 

....do  

...do  

Chemung  river 

....do  

..do 

...do 

Canisteo  river 

do 

...do 

..  do 

..  do 

...do 

..  do 

...  do 

Chemung  river 

...  do  

...do 

..  do 

..  do 

Tioga  river    

...do 


.do  . 
.do  . 
.do. 
.do  . 
.do  . 
do 


North  branch  of  Susquehanna  river. 
...do 


..do  . 
-do  . 

do  . 

do  . 

do. 
.do. 
.do  . 

do. 
.do  . 
.do  . 
.do  . 

do. 
.do. 
.do  . 
.do  . 

do  . 
.do. 
.do. 
.do. 


State. 


New  York 

...do 

...do 

Pennsylvania. 

...do 

New  York  — 
Pennsylvania. 

...do    

New  York   . . 
...do 


...do 

...do 

...do 

.-  do 

...do , 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

..  do 

...do 

..  do 

...do 

...do 

..  do 

Pennsylvania 

...do 

...do  

New  York  . . . 
Pennsylvania 
...do 


.do. 
..do. 

.do. 
..do. 
..do. 
..do  . 

.do. 
..do  . 
..do. 
..do. 

.do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do. 
..do  . 
..do  . 
.  do  . 

do. 

.do. 

.do. 

.do. 

.do. 


County. 


Tompkins  — 
Schuyler 

...do 

Bradford 

...do 

Chemung 

Bradford 

...do 

Chemung 

...do 

...do 

Steuben 

...do 

...do...: 

...do 

...do 

...do 

...do 

Schuyler 

....do 

Steuben 

...do 

....do 

Allegany 

Steuben  

...do '.. 

....do 

....do  

....do  

...do 

Allegany 

.--.do 

Steuben 

....do 

Tioga 

...do    

.--.do 

Steuben 

Tioga 

.--.do  


.-.do 

...do 

...do  

...do 

Potter 

Bradford 

...do 

..  do 

...do  

...do 

...do 

Wyoming 

Susquehanna  . 

...do 

...do 

...do 

...do 

Lackawanna  . 
---do 


--.do 

--.do  

...do 

...do  

...do 

Susquehanna  . 
...do 


Kind  of  mill  or  manu- 
facture. 


Saw 0 

--.do , 

Flouring  and  grist 

Planing 

Flouring  and  grist 

...do 

Saw  

Flouring  and  grist 

...do 

Saw 

Woolen 

Saw 

Fertilizers 

Flouring  and  grist 

Saw  

Leather 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Saw  

Flouring  and  grist 

Saw  

Sash,  door,  and  blind 

Drugs  and  chemicals 

Agricultural  implements 

Flouring  and  grist 

Saw 

Leather 

Faints 

Woolen 

Saw  

Flouring  and  grist 

.-..do  

Saw  -'- 

Agricultural  implements 

Saw  

Flouring  and  grist 

....do 

Planing 

Wheelwrighting 

Saw 

Leather 

flouring  and  grist 

Woolen 

Saw 

Carriage 

Flouring  and  grist 

Saw  

Woolen 

Saw  

Flouring  and  grist 

Flouring  audurist 

Agricultural  implements 

Furniture 

Saw 

Leather  

Flouring  and  grist 

Agricultuial  implements 

Cutlery 

Carpentt:r.shop 

Gunpowder 

Leather  

S.1W 

Flouring  and  grist 

Elacksmithing 

Furniture  


2 

3 

2 

1 

1 

2 

2 

1 

0 
12 

1 

3 

1 
10 

3 

1 

6 

3 

2 

1 

7 
5 
1 
1 
1 
9 

11 
1 
] 
1 
1 
3 
2 
4 
1 
8 
3 
1 
1 
1 
8 
2 

12 
1 
2 
1 
5 
3 
1 
1 
7 
3 
1 
1 
6 
1 
S 
1 
1 
1 
1 
1 
2 
4 
1 
1 


Feet. 
20 
24 
20 

5 

5 
10 
40 
17 
92 
124 
16 
38 

9 
83 
41 

6 
75-1- 

52 

22 

62 

41 
5 

13 

12 
154 
125-!- 

15 

11 

18 

82 

10.5 

25 

10 

73 

28 

20 

7 
16 
68 
26 
190 

5 
41 
30 
56 
45 

7 

6 
91 
25 

8 
12 
75 

8 
60 
10 
10 
10 
15 
12 
22 
56 
18 
14 

601 


(!)65 

77 

65 

13 

18 

85 

(!)80 

30 

305 

304 

8 

97 

40 

485 

130 

10 

128 

60 

87 

25 

327 

149 

60 

1 

20 

239 

289 

21 

5 

15 

15 

115 

55 

(1)475 

50 

278 

92 

30 

20 

20 

275 

30 

378 

16 

51 

60 

181 

72 

»0 

30 

223 

134 

4 

15 

122 

15 

150 

55 

55 

30 

20 

35 

20 

71 


84 


WATER-POWER  OF  THE  UNITED  STATES. 
Table  of  utilized  power  on  the  Susquehanna  river  and  tributaries — Continued. 


stream. 


Tributary  to  what. 


State. 


Connty. 


Xind  of  mill  or  mann. 
facture. 


•I 


IT* 

r 


IjackawanDa  river . . 

Do 

Other  tributaries  of . 

Do 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do- 

Do. 

Do. 

Do. 

Do. 

Do- 

Do. 

Do. 

Do. 

Do. 

Do. 

Do.. 

Do.. 

Do.. 

Do. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 
Do.. 
Do  . 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.- 
Do.. 
Do.. 
Do.. 
Do  . 
Do... 
Do.. 


Iforth  branch  of  Sasqnehanna  river 

...do 

...do .■ 

...do  

...do 

...do 

...do 

...do 

...do 

..do 

...do 

..  do 

.    do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

..  do 

...do 

...do 

...do 

..do 

...do 

..do 

...do 

..  do. 

...do^ 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

..do 

...do../ 

..  do 

..do 

...do    

...do 

...do    

...do 

..  do 

...do 


West  branch  of  Sasqaehanna  river. 

Bo 

Do 

Bo 


-QO  . 


....do 

...  do 

...do 

...do 

...do .• 

..  do 

...do 

...do 

...do  

Su8q.uehanna  river . 

..  do 

..  do 

..  do 


Pennsylvania 

...do 

...do 

...  do 

...do 

...do 

..  do , 

...do , 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do    

...do  

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

..  do 

...do 

..  do .- 

do 

...do 

...do 

...do 

..  do 

...do 

..  do 

..  do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do, 

...do 

..  do 


Snsquehanna  — 

...do 

Bradford 

...do 

...do 

...do 

....do 

....do  

...  do 

...do 

Sasqaehanna 

....do  

...do 

....do 

...do 

....do 

....do  

....do  

....do 

....do 

...do 

"Wyoming 

....do 

....do 

...do 

....do  

...do  

....do  

....do  

Lacl^awanna 

....do  

....do 

....do 

....do 

....do  

....do  

....do .' 

....do  

Luzerne 

...do 

...  do 

...do    

...do 

...do 

...do  

Columbia 

...do  

...do  

....do  

...do    

...do 

...do 

...do  

...do    

...do 

...do  

Montour 

...do 

Sullivan 

Northumberland . 

..  do 

...do 

Lycominf; 

..  do 

Clearfield 


Saw 

Flouring  and  grist 

Woolen  

Blacksmithing 

Foundery 

Flouring  and  grist 

Saw 

Leather 

Sash,  door,  and  blind 

Toys  and  games '. 

Woolen 

Drugs  and  chemicals 

Furniture' 

Chair '. . 

Planing 

Machinery 

Wheel  wrighting 

Wooden  ware 

Saw 

Leather 

Flouring  and  grist 

Agricultural  implements. 

Blacksmithing 

Keg 

Planing 

Toys  and  games 

Flouring  and  grist 

Leather 

Saw 

Woolen 

Agricultural  implements. 

Baskets,  etc 

Furniture 

Foundery  

Gunpowder 

Leather 

Saw 

Flouring  and  grist 

Woolen 

Agricultural  implements . 

Flouring  and  grist 

Leather 

Saw 

Paper  

Wheel  wrightiug 

Agricultural  implements. 

Blacksmithing 

Planing 

Woolen 

Flouring  and  grist 

Leather 

Saw 

Blomary  and  forge 

Blast.furnaee 

Paper 

Wheelwrightiug 

Printing  and  publishing . 

Flouring  and  grist 

Flouring  and  grist 

..  do 

Saw 

Saw  (a) 

Flouring  and  grist 

Saw 

Flouring  and  grist 


1 
3 
1 
1 

24 

25 
1 
1 
1 
2 
1 
5 
2 
1 
1 
5 
1 

55 
9 

36 
2 
1 
1 
3 
1 

20 
2 

28 
1 
1 
1 
2 
1 
1 
1 


2 

41 
2 

37 
1 
1 
1 
1 
1 
2 

33 
1 

27 
1 
1 


Feet 


86 

116 

20 

40 

22 

12 

5 

11 

13 

389 

564 

370 

530 

20 

20 

8 

10 

9 

60 

34 

28 

10 

55 

87 

26 

45 

18 

18 

16 

15 

59 

31 

14 

2« 

761+ 

1,556 

140+ 

292 

374+ 

646 

26 

24 

8- 

12 

27 

30 

.52 

54 

21 

30 

374 

657 

26 

32 

428+ 

599 

9 

8 

15 

10 

13 

20 

19 

57 

31 

7 

36 

68 

10 

10 

76 

187 

107 

216 

40 

12 

20 

653 

90« 

85 

473+ 

722 

11 

39 

5 

6 

9 

10 

10 

10 

8 

20 

32 

459 

843 

17 

16 

885 

601 

8 

120 

22 

170 

20 

110 

12 

24 

3 

85 

108 

15 

15 

24 

25 

12 

25 

11 

20 

9 

100 

9 

36 

20S 

602 


a  From  Pennsylvania  canal. 


THE  MIDDLE  ATLANTIC  WATER-SHED. 
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Table  of  utilized  power  on  the  Susquehanna  river  and  tributaries — Continued. 


stream. 


Tributarj-  to  what. 


State. 


County. 


Eiud  of  mill  or  raauu- 
facture. 


1 

■s 

1 

''A 

1 

1 
1 

Feet. 

4 

31 

1 

10 

1 

19 

5 

59 

1 

11 

1 

0 

9 

108 

1 

9 

16 

217+ 

1 

14 

4 

46 

1 

8 

3 

34 

2 

24 

10 

108 

1 

20 

4 

35 

5 

44 

1 

10 

1 

12 

2 

26 

1 

7 

2 

18 

2 

15 

1 

7 

1 

6 

1 

7 

1 

8 

1 

3.5 

1 

6 

8 

105 

1 

12 

2 

19 

2 

13 

1 

10 

1 

10 

2 

17 

1 

5 

6 

45 

1 

8 

1 

4 

1 

16 

1 

15 

3 

30 

1 

12 

1 

12 

1 

9 

1 

12 

1 

9 

1 

14 

1 

12 

1 

9 

7 

87 

2 

G 

4 

37 

7 

70 

14 

188 

3 

47 

1 

8 

1 

30 

16 

253 

4 

84 

1 

6 

7 

78 

O  0. 


Weat  brsucli  of  Sasqaehanna  river. . . 

Do 

r         Bo 

Muncy  oreek 

Do 

Do 

Do 

Do 

Do 

Do 

Xjoy.ilsock  creek 

Do 

Do 

Do 

Do 

Lycoming  creek 

Do 

Do  

Do 

Pine  creek 

Do 

Do 

Do 

Do 

Do 

Do 

Bald  Eagle  oreek 

Do 


Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Fishing  oreek . 

Do  

Do 

Do 

Do 

Do 

Do  

Spring  oreek... 

Do 

Do 

Do  

Do 

.      Do 

Do 


Do 

Do 

Do 

Other  tributaries  of. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do " 

Do 

Do  


SusquGlianna  river 

...do 

...do 

"West  brancli  of  Susquehanna  river. 

..  do 

..do 

...do    

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

..do 

..  do 

..do 

Bald  Eagle  creek 

..do 


.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do 
.do  . 
.do  . 
do  . 
.do  . 
.do. 

.do  . 
.do  . 
.do  . 


West  branch  of  Sasqnehanna  river. 

...do  

...do 

...do 

...do 

...do 

..  do 

..do 

...do 

...do 

...do 


Pennsylvania. 

...do  

...do 

...do 

...do 

...do 

do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do , 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do  

...do 

...do 

....do 

...  do 

...do 

...do 

...do  

...do 

...do 

....do  

....do 


...do. 
...do. 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
..  do. 
...do  . 
...do  . 
...do  . 


Clearfield . . 

Cambria . . . 

...do 

Sallivan  ... 

Lycoming  . 

..  do 

...do 

...do 

...do 

...  do 

Snllivan  ... 

...do 

...do 

Lycoming  . 

...do 

Tioga 

Lycoming . . 

...do 

..  do 

Potter 

...  do 

Tioga 

Lycoming  . 
....do  

Clinton 

...do 

Centre 

....do 

....do , 

....do  

....do  

...do  

...do , 

....do 

Clinton  — 
....do 

..  do 

...do 

...do 

....do 

....do 

...do...'.. 
...do 

Centre 

....do  

...do 

...do  

...do 

...do 

...do 


...do 

...do 

...do 

Montour 

...do    

JTorthumberland . 

Union 

...do 

...do 

Sullivan 

...do 

...do 

Tioga 

...do 


a  TSSot  running  in  1880. 


Saw 

..  do 

Flouring  and  grist 

Saw 

Carriages  and  sleda 

Carriage  materials 

Flouring  and  grist 

Leather 

Saw 

"Woolen 

Saw 

Woolen 

Flouring  and  grist 

..  do 

Saw 

Flouring  and  grist  

..  do 

Saw 

Nail    

Flouring  and  grist 

Saw 

...do 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Saw  , 

Furniture 

Planing 

Stone  and  earthen  ware . . 

Saw 

Flouring  and  grist 

Blast-furnace 

Forges 

Rolling.mills 

Paper  (a) 

Flour  and  grist 

Edge-tools 

Wheelwrighting 

Flouring  and  grist 

Saw 

"Woolen  

Blast-furnace  (6) 

Blomary  and  forge  (a)  ... 

Woolen 

Blastfurnace 

Bloiuary  and  forge 

A  gricul  tural  iraplements. 

Rolling-mill . 

Machinery  

Telegraph  and  telephone 
apparatus. 

Paper  

Saw  

Flouring  and  grist 

Furniture 

Flouring  and  grist 

..  do 

....do  

Saw  

Leather 

Drugs  and  chemicals 

Saw  

Flouring  and  grist 

Wheelwrighting 

Saw  

h  Idle. 


134 
30 
30 

131 
12 
12 

368 
27 

334 
20 
90 
10 

120 
D5 

433 
20 

235 

175 

120 
30 
30 
SO 
65 

110 

30 

24 

8 

15 

5 

8 

192 


189 
20 

125 
16 
12 


60 

45 

40 

•  8 

eo 

20 


30 

12 

232 

8 

62 
155 
294 

62 


422 

140 

4 

140 


603 


86 


WATER  POWER  OF  THE  UNITED  STATES. 


Tahit  of  utilized  power  on  the  Susquehanna  river  and  tributaries — Continued. 


Stream. 


Other  tributaries  of. . 

Do 

Do 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do , 

SinDemnbuuing  croet. 

Do 

Do 

Do 

Do 

Other  tributaries  of.  - . 

Do 

Do  ,.. 

Do. 

Do 

Do 

Do 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


.Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Juniata  river 

Do 

Tuscarora  creek 

Do 

Do 

Do  

Kishacoqnillas  creek . 

604 


Trifautai-y  to  wbat. 


\V  est  branch  of  Susquehanna  river 

...do 

..  do 

...do 


do. 

do  . 
.do  . 

do  . 

do  . 
.do  . 

do  . 
■do  . 

do. 

do  . 

do  . 
,  do. 
.do. 
.  do  . 
..do. 
..do. 
..do,. 
.  do  . 
..do  . 
..do. 
.  do  . 
.  do  . 
..do. 
.  do. 
..do. 
-do. 
..do. 
-do. 
-do. 
.  do  . 
..do  . 
.  do  . 
..do  . 
.  do  . 
..do. 
..do 
..do  . 
..do. 
.  do. 


State. 


Susquehanna  river  below  junction 
of  North  and  West  branches. 

...do :.... 

...do '. 

...do    

....do 

...do  

...do  

...do 

...do 

...do 

...do 

...do  

..do 

..  do 

Susquehanna  river 

...do 

Juniata  river 

..do 

...do 

..do 

...do 


Pennsylvania . 

...do 

...do 

..  do 


.do  .. 

.do.. 

do-, 

.do. 

.do. 

do. 
do. 

.do  . 

.do. 

.do. 
..do. 
..do. 
.  do. 
.  do. 
..do  . 
..do. 
..do  . 
.  do  . 
.  do. 
..do  . 
..do. 
..do. 
.do. 
..do. 
..do  - 
..do. 
.  do  . 
..do. 
..do. 
.  do  . 
..do  . 
.  do. 
..do. 
.  do. 
..do. 
..do  . 
.  do. 
..do  . 
..do  . 
.  do. 

..do. 
.  do  . 
..do  . 
.  do. 
..do  . 
..do. 
.  do. 
.do. 
..do. 
..do. 
-do  . 
..do. 
.  do. 
..do  . 
..do. 
.do. 
..do. 
.  do. 
..do  . 
..do  . 


County. 


Tioga 

Lycoming  . 

...do 

...do 


...do , 

...do 

..  do 

...do 

...do 

...do 

...do 

Clinton 

Cameron 

...do 

Elk 

...do    

Centre 

...do 

...do 

...do 

...do....'. 

..  dp 

...do 

Clinton 

...do 

...do 

...do 

...do 

...do 

Potter 

...  do 

Cameron 

....do 

Elk 

...do 

Clearfield 

...  do 

...do 

...do  

..  do 

Cambria 

....do 

Indiana 

Northumberland . 


Kind  of  mill  or  manu- 
facture. 


...do 

Union 

...  do 

...do 

Snyder  

..  do 

...  do 

Centre 

..  do 

...do 

...do  

...do 

....do 

Perry 

Huntingdon  . 

..  do 

Juniata 

Franklin 

...do 

Mifflin 


Flouring  and  grist 

Agricultural  implements. . 
Carriage  materials 

Marble,  and  stone-work. 
ing. 

Flouring  and  grist 

Woolen 

Leather 

Saw 

Paint 

Shirt 

Wood-turning ■ 

Saw 

..  do 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Eolling.mill 

Foundery 

Blast-furnaces 

Leather  — 

Saw 

Flouring  and  grist 

Woolen 

Agricultural  implements 

Foundery 

Flouring  and  grist 

Saw 

'  Brick  and  tile 

Woolen 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Saw 

...do 

Flouring  and  grist 

Agricultural  implements 

Furniture 

Flouring  and'grist 

Saw'. 

Woolen 

Saw 

Flouring  and  grist 

Saw 

Flouring  and  grist 


Saw 

Agricultural  implements 

Saw 

Flouring  and  grist 

Leather 

Saw 

Flouring  and  grist 

Agricultural  implements 

Foundery 

Planing 

Wheelwrighting 

Saw 

Flouring  and  grist 

do  (a) 

Saw(a)  

Flouring  and  grist 

....do 

....do 

Leather 

Cutlery  and  edge-tools. . . 


2 
1 
1 
1 

16 

3 

2 
74 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

6 
12 

1 

1 

1 
10 
16 

2 

2 

1 

2 

2 

3 

4 

3 

1 

1 
18 
31 

1 
14 

5 

5 
24 

4 
1 
3 
2 
2 
12 
27 
1 
1 
1 
1 
23 
16 
l' 
1 
1 
2 
2 
1 
1 


Feet. 

28 

9 

11 


253 

54 

16 

,226 

25 


14 


9 
16 

6 
13 
18 


12 

84 
156+ 

14 

10 

18 
136 
274 

26 


9 
13 
20 
23 

67 

46 

8 

7 

239 

388 

8 

159 

88 


330+ 

27 
23 
36 
17 


223+ 
8 

12 

12 

S 

310+ 

215+ 

15 

10 

14 

28 

24 

14 

24 


7 
12 
3 

465 

95 

28 

1,601 

25 

3 

35 

25 

20 

40 

10 

16 

90 

2 

35 

8 

139 

240 

25 

6 

8 

295 


SO 

6 

25 

43 


44 

8 

4 

438 

814 

12 

334 

102 


23 

37 

46 

7 

200 

554 

4 

3 

3 

4 

374 

516 


18 
17 
18 
10 
262 


a  From  Pennsylvania  canal. 


THE  MIDDLE  ATLANTIC  WATER-SHED. 

Table  of  titilized  power  on  the  Susquehanna  river  and  tributaries — Continuetl. 


87 


stream. 


KishacoquiUaa  creek  ... 

Do 

Do 

Do 

Do 

Great  Anghwick  creek  . 

Do 

Ray  stown  "branch  of 

Do 

Do  

Frauk.'itown  branch  of. . 

Do  

Do 

Do 

Do  

Do  

Do 

O  th  er  tributaries  of 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

"Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

,  Do 

Do 

Do 

Do 

Do 

Dp 

Do 

Do 

Do  

Cojiedogwinet  creek 

Do 

Do 

Do 

Do 


Tribntary  to  what. 


Juniata  river . 
...do 


...do 

...do 

...do 

...do 

....do  

...do 

..  do 

...do 

...do 

...do , 

..    do 

..  do 

...do  

...do 

...do 

....do  

...  do  

...do  

....do 

....do 

...do 

...  do 

...do 

...do 

...  do 

....do 

...do  

...do 

..  do 

....do 

...do  

....do 

...do 

...do 

...do    

...do 

...do 

...do 

...do    

...do 

...do  

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

..do 

...do 

...do  

..do , 

...do  

...do 

...do 

...do  

Susqnehanna  river. 

...do  


State. 


Pennsylvania. 
...do  


County. 


.do. 
do. 
.do  . 


a  Ifot  in  blast. 


..do 

..do 

..do 

.  do 

..do 

..do 

.  do 

..do 

..do 

..do 

.  do 

-do 

..do 

..do 

..do 

.  do 

..do 

-do 

.do 

..do 

..do 

..do 

..do 

..do 

.do 

..do 

.  do 

.  do 

..do 

..do 

.  do 

..do 

..do 

.  do 

..do. 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

.  do 

..do 

..do 

..do 

..do 

..do    

..do , 

..do 

..do 

..do 

..do 

.do 

.do 

.do 

.do 

.do 

.do 

do 

do 

&  Not  in  operation. 


Mifflin 

....do  

...do 

...do , 

...  do , 

Fulton  

Huntingdon  . 

Bedford 

...do  

....do  

Blair 

...do 

...do 

Huntingdon  . 

..  do 

..  do 

....do 

Perry 

...do 

..  do 

....do  

....do 

Juniata 

...do 

...do 

...do 

..  do 

...do 

..  do 

Mifflin 

...do 

...do 

...do 

...do 

...do 

Fulton 

...do 

Huntingdon  . 

...do 

...do  

...do  

..  do  ., 

...do 

..  do 

..  do 

Bedford, 

...do 

...do 

...do 

..do 

Blair.... 

..  do 

...do 

...do  

...do  

...do 

...do  

..  do 

...do 

...do 

Franklin 

...do 

Cumberland  . 

..  do 

...do  


Kind  of  mill  or  manu- 
facture. 


Furniture 

Flouring  and  grist 

Saw 

"Woolen 

Rolling.mill 

Flouring  and  grist 

....dS ■ 

Blast-furnace  (a) 

"Woolen 

Flouring  and  grist 

....do  

Bloniary  and  forge 

Blomary  and  forge  (&)  — 

Planing 

Flouring  and  grist , 

Saw 

Plaster  

Agricultural  implements . . 

Leather 

Flouring  and  grist 

Saw 

"Woolen 

Agricultural  implements. . 

Glue 

Founderioa , 

Leather 

Flouring  and  grist 

Saw 

"Woolen 

Agricultural  implements . . 

Machinery 

"Woolen 

Leather 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Saw 

C  tttlory  and  edge-toola . . . 

Blast-furnace 

Blom.ary  and  forge 

Pl.aning 

Flouring  and  grist 

Saw 

Leather 

"Woolen 

Fouuderies 

Woolen , 

Leather ^ 

Saw 

Flouring  and  grist 

Agricultural  implements . . 

"Woolen 

Flouring  and  grist  

Leather 

Saw 

Bla  st-f  nrnace 

Blaat-furnaces  [a) 

Hardware 

Planing 

Paper 

Fleming  and  grist  

Saw 

Flouring  and  grist 

Saw 

Nail-  and  rolling_mi]l 

From  Pennsylvania  canal 


3 
1 
1 
1 
1 
46 
19 
2 
2 
2 
4 
1 
15 
47 
1 
1 
30 
1 
I 
1 
2 
1 
1 
1 
5 
2 
9 
2 
1 


Feet. 

S 
70 
18 

9 
13 
30 
12 

7 

4 

m  112 


14 

12 

8 

16 

16 

8 

5 

12 

172 

49 

37 

8 

S 

26 

36 

404 

75+ 

12 

10 

10 

62 

4 

259 

111 

119 

30 

9 

11 

11 

18 

646-1- 

225 


10 
181 
698 

4 

3 
440 

2 
19 
20 
50 

8 
29 
33 
44 
23 
62 
11 

7 


3 

196 
16 
10 

100 
40 
40 


10 

150 

50 

23 


16 

8 

183 

54 

31 

2 

10 

50 

10 

438 

45 

12 

8 

8 

51 

2 

334 

122 

117 

69 

25 

60 

40 

25 

961 

224 

22 

18 

9 

32 

4 

226 

771 

10 

9 

530 

4 

30 

20 


10 
12 
40 
79 
27 
229 
35 
(?)  300 


605 
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Table  of  utilized  power  on  the  Susquehanna  river  and  tributaries — Continued. 


stream. 


Tributary  to  what. 


State. 


County. 


Kind  of  mill  or  manu- 
facture. 


a 


3 
P 


o   . 


Tellow  Breeolies  creek . 

Do 

Do 

Do.  

Do 

Do 

Swatara  creek 

Do 

Do 

Do 

Do 

Do 

Dot 

Conestoga  creek 

Do 

Do 

Do 

Do 

Do 

Oi-r-jrara  creek 

Do 

Do 

Do 

Do 

Do..... 

Do 

Do 

*>tlier  tributaries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 


Susquehanna  river . 
.  .do , 


..do  . 
..do  . 
..do  . 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 

.do  . 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do  . 
..do. 
..do. 
..do. 
..do. 
.  do  . 
..do. 
..do  . 
..do  . 
..do. 
..do. 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
.  do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do. 
..do. 

.do. 

.do. 

.do  . 


Pennsylvania. 

....do  

...do 

....do 

....do 

....do 

....do  

....do 

....do 

....do 

....do 

...do 

...do 

...do 

....do 

...do 

...do  

...do 

...do 

.-..do 

...do 

...do 

...do 

...do 

Maryland 

...do  

...do  

Pennsylvania . 

...do 


G0« 


.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

do 

.do 

.do 

.do 

.do 

.do 

.do 

.do    

do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

do 

do 

.do 

.do 

.do 

.do 

a  Not  in  operation. 


Cumberland  . 

....do 

....do 

....do 

...do 

...do  

Sohuylkm  . . . 

...  do 

Lebanon 

...  do  

...do  

Dauphin 

...do 

Berks 

Lancaster 

...do 

...do 

...do 

...do  

Chester 

...do  

Lancaster 

...do 

...do 

Cecil 

...do  

...do 

Juniata 

...do 

Perry 

...do 

...do  

...do  

...do  

Franklin 

...do 

Cumberland  . 

...do  

...  do 

...do  

...do  

...do 

...do  

York 

'...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do  

...do  

Adams 

...do 

...do 

...do  

Schuylkill . . . 

...do  

...do  

...do 

...do 

Lebanon  


Planing 

Flouring  and  grist 

Saw 

Sash,  door,  and  blind 

Blomary  and  forge 

"Woolen 

Saw ', 

Flouring  and  griet 

....do 

Saw 

Blomary  and  forge 

Floxiring  and  griat 

Saw 

Flouring  and  grist 

...do  

Fonndery 

Saw 

Paper 

"Water^works 

Flouring  and  grist 

Plaster 

Flouring  and  grist 

Machinery 

Blomary  and  forge 

Boiling 

Paper 

Flouring  and  grist 

Leather 

Flonring  and  grist 

Agricultural  implements. 

Blomaries  and  forges 

Flouring  and  grist 

Woolen  — .' 

Saw 

Flouring  and  grist 

Leather , 

Dyeing  and  cleaning 

Woolen 

Leather 

Flouring  and  grist 

Saw  (a) 

Paper 

Blomaries  and  forges 

Agricultural  implements 

Woolen 

Twine,  etc 

Dyewoods,  etc 

Fertilizers 

Grunpowder . . .  ■. 

Blast-furnace  (a) 

Paper 

Saw 

Leather , 

Brick  and  tilo 

Flouriun;  and  grist 

Leather 

Woolen 

Saw 

Flouring  and  grist 

Agricultural  implements 

Saw(o) 

Woolen 

Leather 

Flouring  and  grist 

Agricultural  implements  . 


25 
9 
4 
3 
1 
4 
1 
1 
2 
1 
1 
2 

36 
6 
1 
134 
1 
2 

22 

33 
1 
3 
1 
1 

14 
1 


Feet. 

10 

160 

4 


45 
26 

3 

8 

26+ 

12 

48 

204+ 

3 

4 
18 

6 


37 
10 

14 


18 

12 
3 

20 

10 

44 
312 

10 
132+ 

19 

12 
8 

10 

22 
263 

72 

68 

44 

11 

35+ 

21 

14 

30 

32 

28 

16 
476 

90 

11 

2,024 

7 


240 

438 

6 

J2 

8 

13 

107 

6 


25 
700 


24 
20 
81 
70 
90 
25 
35 

12T 
50 
46 

868 
12 
10 

202 


65 
SO' 
70 
12 
40 


150 

72 

5 

42 

1» 

50 

357 

5 

167 

12 

16 

5 

10 

15 

544 

152 

270 

130 

10 

59 

25 

12 

25 

30 


135. 

530 

60- 

3 

2,667 

4 

£2 

259- 

033 

16 

35 

16 

14 

206- 
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stream. 


Other  tributaries  of. . 

Do 

Bo , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do .". 


Do. 

Do. 

Do. 

Do 

Do. 

Do.. 

Do. 

Do.. 

Do.. 

Do.. 

Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Tributary  to  wliat. 


Susquehanna  river 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

l..do 


..do. 
..do. 
..do  . 
..do  . 
-.do  . 
..do  . 
..do  . 
..do- 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 

do  . 
.  do. 
.do. 

do. 
.do. 
.do. 

do- 
.do. 
.do  . 
.do. 


State. 


County. 


Pennsylvania 

...do 

...do 

...do  

...do  

...do  

...do  

...do  

...do  

...do 

...do 


...do 

...  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

Maryland . 

..do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 


Lebanon . 
....do  .... 
...do  .... 
Dauphin . 
...do  .... 
...do  .... 
...do  .... 
...do.... 
...do.... 
...do.... 
...do.... 


Berks 

Lancaster. 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do 

Chester  — 

...do  

...do 

Cecil 

...do 

Harford.... 

...do 

...do 

...do  

...do 

...do 

...do 


Kind  of  mill  or  manu- 
facture. 


Blomary  and  forge 

Flouring  and  grist 

Saw 

riouring  aud  grist 

Cotton 

Dyeing  and  cleaning 

Blomary  and  forge 

Saw 

Leather 

Woolen 

Tin,   copper,   and    sheet- 
iron  ware. 

Flouring  and  grist 

Agricultural  implements. 

"Woolen 

Blaclcsmithing , 

Blomaries  and  forges 

Cai^enter-shcp 

Carriage  materials 

Flouring  and  grist 

Fertilizers 

Furniture 

Fouudery 

Leather 

Saw 

Machinery .■ 

"Wheel  wrighting 

Flouring  and  grist 

Saw 

Paper 

Saw 

Flouring  and  grist 

...do 

Saw 

Fertilizers 

Agricultural  implements. 

Bark 

Kaolin 

Woolen .' 


s 

n 

« 

«w 

a 

tJ 

^ 

3 

'A 

H 

Feet. 

7 

24 

264 

30 

63 

671 

14 

10 

18 

112+ 

35 

15 

121 

8 

67+ 

10 

35 

11 

20 

168 

2,214 

7 

3 

10 

18 

21 

281 

10 

2 

19 

5 

99 

2 

30 

2 

41 

2 

24 

10 

196 

21 

346 

12 

166+ 

15 

27 

24 

59 

22 

9  a 


30 
654 

48 
995 

10 
5 

70 
232 

32 

10 
2 

107 

12 

96 

2 

47 

20 

15 

I,  66S 

8 

10 

8 

.13 

364 

8 

16 

5» 

26 

76 

17 

241 

410 

173 

45 

12 

15 

196 


VIL— THE  DELAWARE  EIVER  AND  TRIBUTARIES. 


THE  DELAWAEB  EIVER. 

The  Delaware,  like  the  Susquehanna,  tates  its  rise  beyond  the  mountains  proper,  on  the  high  plateau  of 
central  New  York,  its  sources  lying  in  Greene,  Schoharie,  and  Delaware  counties.  The  West  branch,  commonly 
called  the  main  stream,  rises  in  a  small  lake  almost  on  the  line  between  Delaware  and  Schoharie  counties,  at  an 
elevation  above  the  sea  of  about  1,880  feet.(a)  Pursuing  a  devious  course  in  a  southwesterly  direction  through 
Delaware  county  for  a  distance  of  about  70  miles,  to  the  line  of  Broome  county,  where  it  is  within  10  miles  of  the 
Susquehanna  river,  aud  passing  the  towns  of  Delhi  and  Deposit,  it  suddenly  turns  to  the  southeast,  and  6  or  7 
miles  below  becomes  the  boundary  line  between  Pennsylvania  and  New  York.  About  7  miles  farther  down  it 
receives  from  the  left  the  East  branch,  or  Pepacton,  which  rises  in  Delaware  and  Greene  counties,  about  50  miles 
to  the  northeast  in  a  straight  line,  aud  pursues  a  course  nearly  parallel  to  the  main  branch.  From  the  junction  of 
the  two  the  river  proceeds  in  a  southeasterly  direction  for  a  distance  of  about  90  miles,  receiving  from  the  right 
the  Lackawaxen  river,  andfromthe  left  the  IsTeversink  creek.  At  its  junction  with  the  latter,  at  Carpenter's  point, 
about  a  mile  below  the  town  of  Port  Jervis,  New  York,  it  turns  to  the  southwest  along  the  base  of  the  Kittatinny 


a  AlcCulloairh's  Geographical  Dictionary,  Vol.  I,  p.  739. 
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inoiiutains,  until  it  crosses  the  range  about  40  miles  below,  through  the  breach  called  the  "Delaware  Water  Gap". 
It  then  flows  in  a  southerly  direction  for  a  distance  of  about  37  miles,  receiving  at  Belvidere  the  Pequest  creek 
from  New  Jersey,  at  Easton,  Pennsylvania,  and  Phillipsburg,  Kew  Jersey,  the  Lehigh  river  from  the  right,  and, 
a  few  miles  below,  the  Musconetcong  from  ISTew  Jersey,  where  it  passes  the  gap  in  the  South  mountains.  Then 
flowing  toward  the  southeast  for  a  distance  of  about  48  miles  by  the  cities  of  Lambertville,  Trenton,  and  Bordentown, 
New  Jersey,  it  changes  its  course  at  the  latter  place,  and  runs  onward,  past  Philadelphia  and  Camden,  through 
Delaware  bay  to  the  ocean.  From  Carpenter's  point  it  forms  the  boundary  between  New  Jersey  on  the  left,  and 
Pennsylvania  and  Delaware  on  the  right.  Following  all  its  windings,  the  length  of  the  stream  from  its  source  to 
Trenton  is  about  280  miles,  and  its  average  fall  is  about  6.7  feet  per  mile,  or  much  larger  than  that  of  the 
Susquehanna.  The  total  length  of  the  stream,  down  to  the  "capes  of  the  Delaware",  or  to  the  Atlantic  ocean,  is 
about  410  miles;  and  the  area  drained,  down  to  and  including  the  Schuylkill,  which  enters  at  Philadelphia,  is  about 
10,100  square  miles,  of  which  area  about  2,580  square  miles  are  comprised  in  New  York,  5,720  in  Pennsylvania, 
and  1,800  in  New  Jersey.  The  table  of  drainage  areas  on  pages  78  to  80  gives  detailed  Information  j-egarding  the 
ureas  drained  by  the  various  tributaries,  and  the  accompanying  map  will  show  their  locations. 

The  general  topographical  features  of  the  Delaware  have  been  described  in  the  following  words  by  Professor 
Kogers:(rt) 

This  noblo  river,  the  eastern  boundacy  of  Pennejlvania  throughout  its  entire  breadth,  exhibits,  along  its  immediate  valley,  a 
considerable  variety  of  topographical  features  and  scenery.  From  its  head  streams  in  New  York,  to  where  it  emerges  from  the  Pocono,  or 
Catskill,  mountain,  it  flows  in  a  tortuous  course  througb  a  deep  narrow  trough  in  that  elevated  table-land.  The  mean  level  of  the  plateau 
reraaiuino;  nearly  constant,  and  the  valley  growing  progressively  deeper,  the  river-hills,  which  are  all  that  the  traveler  at  the  river-side 
usually  beholds,  grow  higher  and  steeper  as  he  descends.  Meandering  much  more  than  the  valley  containing  it,  the  river  sweeps 
sometimes  close  by  the  base  of  the  bounding  hills,  the  lower  parts  of  which  are,  in  many  cases,  faced  by  high,  naked  cliffs,  exposing  the 
redflish-brown  shales  and  sandstones  of  th&-district,  in  beautiful  contrast  with  the  mixed  green  hues  of  the  foliage.  The  perspective  of 
jutting  and  retreating  hills,  clothed  forthe  most  part  with  a  combination  of  coniferous  and  deciduous  forest  to  their  summits,  and  washed 
at  their  base  by  long,  bending  reaches  of  the  broad  river,  are  very  attractive,  notwithstanding  a  prevailing  sameness  in  general  featare. 
After  leaving  the  plateau  in  Pike  and  Wayne  counties,  the  river  emerges  into  a  broad  open  valley,  wholly  difi'erent  in  aspect  and  structure 
from  that  which  it  has  left.  The  waters  which  carved  a  way  for  it  seem  to  have  been  impelled  in  their  momentum  southward  with  great 
energy  against  the  strong,  stony  barrier  of  the  Kittatiuny,  or  Shawangunk,  mountain,  and  to  have  scooped  their  deepest  trench  near  the 
base  of  that  bigh  ridge.  The  river,  therefore,  turns  abruptly  at  Carpenter's  point  from  a  southeast  to  a  southwest  course,  and  follows  the 
foot  of  the  mountain,  sometimes  hugging  itsliase,  sometimes  sweeping  a  moderate  distance  from  it  into  the  plain,  until  it  finds  a  passage 
through  it  by  the  great  breach  called  the  "  Delaware  Water  Gap  "i  The  scenery  along  this  stretch  of  the  river  is  eminently  beautiful. 
Low  within  the  valley,  the  river  is  bordered  by  fertile  cultivated  flats,  variously  carved  in  one  or  more  terraces,  and  behind  these, 
particularly  on  the  northwest,  rise  numerous  rolling  hills,  some  under  the  plow,  some  covered  with  timber,  all  deeply  cut  by  ravines, 
in  the  steeper  of  which  are  many  beautiful  water-falls,  while  still  beyond  the  hills  we  see  ascending  the  long  slopes  or  bold  escarpments  of 
the  plateau  of  the  Upper  Delaware.  All  the  way  along  our  left  the  view  is  bounded  by  the  forcist-covered  flank  and  straight  crest  of  the 
Kittatiuny  mountain. 

Turning  at  the  water-gap,  the  Delaware,  in  issuing  through  the  main  ridge  of  the  mountain,  passes  between  steep,  nearly  perpendicular, 
mural  cliffs  of  gray  sandstone,  rising  on  either  side  to  its  very  crest. 

Leaving  the  water-gap,  the  river  descends  gently  southward,  obliquely  across  the  entire  breadth  of  the  Appalachian  plain  or  valley, 
to  where  it  enters  the  hills  called  "the  South  mountains",  below  Easton.  This  portion  of  its  course  is  marked  by  no  striking  features, 
the  surface  of  the  country  being  elevated  only  100  or  200  feet  above  it,  and  being,  from  the  softness  of  the  slates  and  limestones,  smoothed 
down  into  rather  inexpressive  lines. 

Below  the  month  of  the  Lehigh  the  Delaware  is  bordered  by  an  alternation  of  hills  and  narrow  intervening  valleys,  the  river-hills 
being  but  the  ends  of  the  intersected  ridges  of  the  low  chain  of  the  highlands  of  New  Jersey;  bnt  from  the  southern  edge  of  these  hills, 
at  Durham,  the  scenery  for  many  miles  southward  wears  a  wholly  different  character.  It  is  that  of  a  table-land  elevated  300  or  400  feet 
above  the  level  of  the  river,  cut  on  one  or  both  sides  of  the  valley  into  long  ranges  of  perpendicular  precipices  or  extremely  steep  slopes. 
One  stretch  of  precipice,  on  the  Pennsylvania  side,  known  by  the  name  of  the  "  Nockamixon  rooks",  is  an  exceedingly  striking  and  picturesque 
range  of  beetling  cliffs,  rising  sheer  for  200  or  300  feet  from  the  brink  of  the  river,  with  only  a  narrow  roadway  between  them,  through  a 
length  of  nearly  3  miles.  Some  of  the  views  from  the  base  of  these  crags  are  almost  grand,  and  the  pictures  they  make  with  the  river 
below  are  beautiful.  Tufts  of  bushes  and  trees  and  climbing  vines  brighten  by  their  green  hues  the  rich  brown  tints  of  the  rocks,  to  the 
bold  faces  and  narrow  ledges  of  which  they  lend  a  grace  which  no  cliffs  without  vegetation  ever  possess. 

Farther  down  its  valley  the  Delaware  passes,  in  the  vicinity  of  New  Hope,  some  bold  ridges  of  trap-rock,  which  impart  a  pleasing 
variety  to  banks  elsewhere,  in  this  part  of  its  course,  comparatively  tame.  Passing  Trenton,  its  borders  presently  put  on  a  totally-changed 
aspect.  Ceasing  to  be  a,  gay  running  stream  full  of  bushy  islands  and  rocky  reefs  arid  rapids,  it  becomes  a  wide  tidal  river,  rising  and 
ebbing  between  shores  which  are  in  many  places  only  low  banks  of  sand  or  gravel,  and  in  others  broad,  slimy  marshes,  covered  with  reeds 
and  grass.     Turning  at  Bordentown  southwestward,  the  river  maintains  these  features  all  the  way  to  its  wide  estuary,  the  Delaware  bay. 

The  Delaware  crosses  the  fall-line  at  Trenton,  which  is  the  head  of  tide-water  as  well  as  of  navigation,  there 
being  at  present  a  navigable  depth  at  low  water  of  5  feet  itp  to  this  point,  133  miles  from  the  Atlantic.  Up  to 
Philadelphia,  100  miles  from  the  ocean,  there  is  a  navigable  depth  at  low  water  of  24  feet:  and  the  mean  rise  of  the 
tides  is  3.5  feet  at  Trenton,  6  feet  at  Philadelphia,  and  4  feet  at  the  "capes  of  the  Delaware",  or  mouth  of  Delaware 
bay.  From  the  report  of  J^rof.  Merriman  on  that  part  of  the  river  between  Trenton  and  Easton,  to  which  I  am  very 
much  indebted  for  valuable  information,  I  extract  the  following  notes  in  regard  to  the  navigation  of  the  stream, (6) 
which  apply  at  the  present  time  without  much  change : 

The  only  navigation  at  present  upon  the  Delaware  river,  above  Trenton,  is  that  of  the  rafts  which  come  down  during  the  spring 
and  fall  floods.    Previous,  however,  to  the  construction  of  canals  and  railroads,  the  river,  although  difficult  to  navigate,  was  an  important 
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a  Geology  of  Pennsylvania,  Vol.  I,  p.  47. 

1)  Annval  Report  of  the  Chief  of  Engineers,  1873,  Appendix  U,  page  51. 
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highway  of  commerce.  The  boats  first  used  ai)pear  to  havo  been  narrow  flat-bottomed  scows,  from  25  to  40  feet  in  length,  which  were 
allowed  to  float  down  with  the  current,  and  on  their  return  up  were  propelled  by  poles.  About  the  year  1750  "Durham"  boats  were 
introduced,  so  called  from  having  been  first  built  at  Durham  village,  10  miles  below  Eaeton. 

These  were  round-bottomed  boats,  pointed  at  both  stern  and  bow,  about  60  feet  long,  10  wide,  and  5  deep,  with  a  low  cabin  for 
sleeping  apartment,  and  one  aft  for  provisions;  the  center  of  the  boat  was  thus  left  free  for  the  load.  The  crew  consisted  of  three  men, 
two  with  long  setting-poles,  and  one  at  the  rndder,  who  also  used  a  shorter  pole.  When  fully  loaded  the  boats  drew  about  30  incshes ;  the 
usiral  load  on  the  down  trip  being  20  tons,  on  the  up  trip  ;">  to  10  tons.  The  time  usually  required  for  a  trip  from  Easton  to  Trenton 
was  one  day,  while  the  return  trip  ordinarily  occupied  three  days.  About  1810  coal  began  to  be  carried  down  the  river  in  "arks",  which 
were  simply  rectangular  pine  boxes,  usually  hinged  in  the  middle  like  canal-boats,  and  being  from  50  to  80  feot  long  and  l(i  wide,  and 
drawing  2  feet  of  water.  These  were  furnished  with  oars  for  use  on  the  reaches  of  the  river  between  rapids.  On  arriving  at  the  market 
in  Philadelphia,  after  discharging  their  cargoes,  the  arks  were  taken  apart,  the  lumber  sold,  while  the  iron- work  was  carried  back  across 
the  country  to  the  Lehigh,  to  be  used  again  in  the  construction  of  others.  The  Delaware  division  of  the  Pennsylvania  canal,  finished  in 
1830  from  Easton  to  Bristol,  caused  both  Durham  boats  and  arlts  to  be  but  little  used  after  that  time.  It  is  proper  to  mention  here  that 
the  river  was  navigated  by  Durham  boats  as  far  as  Laokawaxeu  creek,  75  miles  above  Easton,  and  probably  miich  farther. 

The  completion  of  the  Belvidere  Delaware  railroad,  in  1857,  rendered  any  further  navigation  of  the  river,  except  by  rafts,  unnecessary. 
Previous  to  that  time,  however,  it  was  often  customary  during  the  winter  season,  while  the  canal  was  closed,  to  send  canal-boat  loads  of 
coal  down  the  river.     This  could,  however,  only  be  done  at  times  of  freshet,  as  several  feet  of  water  were  required  for  their  safe  passage. 

In  the  summer  of  1851,  in  order  to  facilitate  communication  with  Easton,  and  the  railroad  only  being  built  as  far  as  Lambertville, 
a  steamboat,  the  "Major  William  Barnet",  drawing,  when  loaded,  only  18  inches,  was  run  from  Lambertville  to  Easton,  the  time  occupied 
in  making  the  trip  of  36  miles  being  about  eight  hours. 

The  lumber  business  of  the  river  probably  began  at  an  early  date.  Beginning  at  the  lower  part  of  its  course,  its  inclosing  banks 
have  been  stripped  of  their  forest  growth,  the  work  continually  receding  up  the  river,  until  now  the  lumber  production  is  confined  mostly 
to  the  counties  of  Broome,  Delaware,  and  Sullivan,  in  New  York,  and  Wayne  and  Pike,  in  Pennsylvania.  The  most  valuable  woods — 
pine  and  oak — were  first  brought  to  market.  In  the  year  1824,  when  these  timbers  were  becoming  scarce  and  hemlock  was  beginning  to 
be  cut,  the  lumber  trade  appears  to  have  been  about  two- thirds  as  large  as  at  present.  From  1835  to  1850  it  was  greater  than  ever  before, 
and  probably  exceeded  the  present  production  by  one-third  or  one-half.  The  trade  on  the  Delaware  is  now  declining,  and  it  is  estimated 
that  in  25  or  30  years  will  cease  altogether.  A  large  item  in  the  marketing  of  lumber  is  the  hauling  of  it  to  the  river-banks  to  be  formed 
into  rafts.  The  forests  are  every  year  receding  from  the  banks  of  the  river  and  its  tributary  creeks,  and  the  time  must  certainly  come 
when  the  cost  of  transpoi-tation  will  be  too  great  to  allow  it  to  be  brought  to  market  by  way  of  the  Delaware.  The  timber  is  principally 
hemlock;  occasionally  a  raft  is  composed  of  ash,  basswood,  and  hard  maple,  but  they  are  rare.  The  timber  for  piles  is  also  in  part 
white  pine.  It  is  cut  mostly  in  the  months  of  May  and  June,  drawn  to  the  river-bank,  and  rafted  during  the  next  winter  and  floated  to 
the  market  by  the  following  spring  floods. 

The  prtncipal  lumber  depots  on  the  upper  Delaware  are  Delhi  and  Deposit,  on  the  West  branch;  Walcott,  on  the  East  branch; 
Hancock,  at  the  junction  of  the  two  branches ;  and  Callicoon  and  Cochecton,  25  miles  below  Hancock.  The  time  required  to  bring  a 
raft  flrom  these  points  to  Easton  varies  with  the  height  of  the  water  and  the  direction  and  force  of  the  wind.  In  ordinary  rafting-freshets 
of  5  to  10  feet,  however,  the  time  appears  to  be :  from  Delhi  to  Easton,  165  miles,  40  to  48  hours ;  from  Walcott  to  Easton,  165  miles,  40 
to  48  hours ;  from  Hancock  to  Easton,  125  miles,  30  to" 36  hours;  from  Callicoon  to  Easton,  100  miles,  24  to  30  hours;  from  Easton  to 
Trenton  the  time  is  from  10  to  12  hours ;  so  that  the  entire  trip  from  Walcott  or  Delhi  to  tide-water  is  performed  in  from  50  to  60  hours, 
showing  the  mean  velocity  to  be  from  4.3  to  3.6  miles  per  hour. 

The  declivity  of  the  river  is  shown  more  in  detail  by  the  following  table : 

Table  of  declivity  of  the  Delaware  river. 


Locality. 


Xrenton,  below  fsbUa 

Yardley,  railroad  crossing  (a) 

BnU's  island 

Easton,  crossing  of  Lehigh  Valley  railroad  (b) 

Belvidere 

Water  (Jap,  Walker's  ferry 

Erie  Bailroad  crossing  i  miles  above  Port  Jervis  (c) 

Lackawaxen  (c) 

Deposit  (c) 

Head- waters 


Distance 

from 
Trenton. 


MUea. 
0 

3 

26 

S4 


81 
127 
146 
212 
280 


Elevation 
ai>OTe  tide. 


Feet. 


0 
8 
74 
169 
235 
801 
450 
600 


1,« 


Distance 
between 
points. 

FaU 
between 
points. 

FaU -per 

mil^ 
between 
points. 

Mau. 

Feet 

Feet. 

3 

8 

2.67 

23 

66 

2.90 

28 

85 

3.00 

14 

76 

5.40 

13 

66 

5.10 

46 

149 

a20 

19 

150 

7.90 

66 

384 

5.80 

\         '' 

902 

13.30 

a  ThiB  elevation  waa  kindly  furnished  by  Mr.  Lorenz,  chief  engineer  of  the  Reading  railroad. 

b  For  this  elevation  thanks  are  due  to  Mr.  Robert  H.  Sayre,  chief  engineer  of  the  Lehigh  Valley  railroad. 

e  These  elevations  are  liable  to  considerable  error,  being  found  from  the  Erie  Railroad  profile  by  subtracting  the  estimated  height  of  the  rails  above  the  water. 


The  flow  of  the  river  is  subject  to  great  variations,  and  the  freshets  are  quite  severe,  as  the  following  extracts 
from  Prof.  Merriman's  report  will  show : 

Concerning  the  floods  or  freshets  of  the  river  I  have  been  unable  to  collect  very  exact  statistics,  particularly  of  those  during  the  last 
few  years.    Their  times  of  occurrence  seem  to  be  quite  irregular,  as  well  as  the  heights  to  which  they  rise.    In  general  it  may  be  said 
that  the  river  is  subject  to  three  classes  of  floods :  the  ice-floods,  which  happen  at  the  breaking  up  of  the  river;  the  rafting  floods,  occurring 
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later,  from  the  spring  rains;  and  the  fall  floods,  caused  by  the  storms  of  September  and  October,  which,  however,  are  very  irregular. 
The  heights  of  these  floods  I  have  only  been  able  to  ascertain  for  Easton  and  points  below;  at  places  above  ihey  are  known  to  be  similar 
in  their  character  and  occasionally  to  produce  very  disastrous  eifects. 

The  ice-floods  are  usually  at  Easton  10  to  20  feet  in  height,  but  on  many  occasions  have  been  known  to  rise  much  higher,  the  "great, 
flood"  of  1841  having  reached  35  feet.     The  great  accumulation  of  water  here  is  owing  to  the  influx  of  the  Lehigh,  a  very  turbulent  stream 
in  time  of  freshet,  and  to  the  narrow  steep  banks  between  which  the  Delaware  is  confined,  its  width  being  less  than  600  feet.     The 
following  description  (a)  of  the  effects  of  the  flood  of  1841  may  perhaps  here  not  be  inappropriate  : 

"It  becomes  our  painful  duty  to  record  a  scene  of  destruction  and  desolation  such  as  cever  before  was  witnessed  in  this  section  of 
the  country.  The  late  excessive  rain,  carrying  with  it  the  snow  which  had  covered  the  ground,  caused  our  streams  to  rise  beyond  all 
precedent.  On  the  morning  of  the  8th  instant  they  came  tearing  down  with  awful  rapidity,  producing  waste  and  ruin  on  every  side, 
bearing  on  their  angry  waters  every  kind  of  property,  houses,  barns,  storehouses,  fences,  stacks  of  grain,  and  furniture  of  all  descriptions. 
The  Lehigh  river,  one  of  the  most  unruly  of  streams,  has  caused  the  greatest  damage.  As  far  as  heard  from,  not  ao  bridge  is  left  spanned 
across  it.  The  beautiful  bridge  here  went  about  4  o'clock  on  the  morning  of  the  8th  instant.  The  flats  below  South  Easton,  containing  the 
collector's  office  of  the  Lehigh  Coal  and  Navigation  Company,  and  a  small  village,  were  completely  inundated,  so  as  to  hide  the  dwellings; 
all  but  a  storehouse  was  carried  off.  The  lower  part  of  Williamsport  is  almost  destroyed,  and  both  sides  of  the  river  here  present  but 
one  scene  of  ruin.  The  Delav,rare,  so  remarkable  for  its  mildness  as  to  be  caJled  'the  silvery  Delaware',  also  assumed  a  new  character. 
It  was  estimated  that  it  was  35  feet  above  low  water,  6  feet  higher  than  ever  was  heard  of  before.  The  destruction  of  the  bridge  across 
it  was  looked  for  during  the  whole  of  the  8th,  but  it  stood  the  flood,  although  much  injured  and  torn.  Eeport  has  it  that  below  this  every 
other  bridge  on  the  Delaware  is  gone.  The  state  works  along  the  Delaware  and  the  Lehigh  company's  improvements  are  damaged  to  a, 
great  extent.  At  many  places  no  traces  of  the  canal  are  left,  the  current  having  swept  the  banks  away  to  low-water  mark  for  great 
distances,  and  all  along  the  line  they  are  more  or  less  injured." 

At  Bull's  island  this  flood  appears  to  have  risen  23  feet,  at.Lambertville  20  feet,  and  everywhere  to  have  caused  very  much  damage. 
For  10  miles  above  Trenton  the  river  becomes  much  wider,  and  its  banks  less  steep,  so  that  floods  are  rarely  more  than  10  or  12  feet. 
On  one  occasion,  when  the  ice  became  jammed  at  Perriwig  island,  causing  a  blockade,  the  water  was  known  to  rise  about  15  feet  at 
Trenton. 

The  rafting  freshets  in  the  spring  are  of  less  rise,  but  of  longer  duration  than  the  ice-floods;  at  Easton  ranging  from  3  to  10  feet,  at 
Lambertville  1  to  8  feet,  and  at  Trenton  1  to  6  feet.  A  very  remarkable  rise,  however,  occurred  on  June  8,  1862,  which  was  32  feet  at 
Easton,  and,  next  to  that  of  1841,  the  greatest  flood  on  record. 

The  fall  floods,  which  are  also  employed  by  the  lumbermen  in  sending  their  timber  to  market,  are  irregular  in  their  occurrence  and 
the  stage  to  which  they  rise.  Several  seasons  have  been  known  in  which  no  floods  occnrred  ajt  this  time,  while  in  others,  as  in  1845  and 
1869,  they  were  very  great.  The  following  is  a  partial  list  of  the  "great  floods",  with  the  heights  to  which  they  rose,  as  nearly  as  can 
now  be  ascertained : 


^Name  of  flood. 

Date  of  occurrence. 

Height  to  which  it  rose  above  low  water. 

October    6,1786 

1798 

1801 

1814 

March    — ,  1833 

April      — ,  1836 

April       ^,  1839 

January  8,1841 

October  W,  1843 
Marc       15, 1846 
June         8, 1862 
October  — ,  1869 

16  feet  at  Lambertville. 

Not  as  high  as  last,  but  exact  height  not  known. 
14  feet  at  Lambertville. 

Do. 
12  feet  at  Lambertville. 
14  feet  6  inches  at  Lambertville. 

Do. 

35  feet  at  Easton,  23  feet  at  BuH's  island,  20  feet  at  Lam- 
bertville, 28  feet  at  Lamsin's  island. 

14  feet  at  Lambertville, 

17  feet  6  inches  at  Lambertville. 
42  feet  at  Easton. 

Exact  height  not  known. 

Do 

Do 

Do  

Do 

Do 

Greatflood         

Do     

Do 

The  point  which  has  been  particularly  forced  upon  my  attention,  in  connection  with  this  subject,  is  the  great  frequency  with  which 
floods  now  occur  as  compared  with  the  time  previous  to  1835.  While  the  preceding  table  is  supposed  to  contain  the  record  of  every 
"great  freshet"  previous  to  1841,  it  by  no  means  shows  those  occurring  since  that  date.  In  fact,  they  have  become  too  common  to  be  a 
matter  of  record.  Previous  to  1835,  floods  of  12  feet  at  Lambertville  were  considered  very  high,  while  14  feet  had  been  attained  only 
three  times  within  the  memory  of  man — in  1786,  1801,  and  1814.  But  since  that  time  floods  of  14  feet  have  become  common,  while  three 
have  occnrred— 1841, 1846, 1862— in  which  probably  one-third  to  one-half  more  water  has  been  discharged  than  in  any  previously  known. 
This  is  undoubtedly  to  be  attributed  to  the  clearing  away  of  the  forests  in  the  river  basin. 

While  the  floods  of  the  river  rise  higher  than  formerly,  the  stage  of  low  water  seems  to  have  been  becoming  lower  every  year.  The 
observations  of  the  inhabitants  appear  to  show  that  in  times  of  low  water  the  water  of  the  river  is  fully  6  or  8  inches  below  the  most  unusual 
low  stage  of  forty  years  ago. 

To  recapitulate,  then,  this  branch  of  my  subject,  I  may  say  that  the  stage  of  the  river  throughout  the  year  is  ordinarily  as  follows : 
January,  frozen  and  medium  height;  February  and  March,  breaking  up  and  high;  April,  May,  and  June,  high;  July,  subsiding;  August 
and  September,  low;  October,  low,  but  subject  to  high  freshets;  November,  low — often  very  low;  December,  rising  a  little  and  freezing. 

The  flow  of  the  stream  would,  no  doubt,  be  much  more  variable  than  it  is  at  present  were  it  not  for  the  great 
number  of  lakes  which  are  tributary  to  it  from  northern  Pennsylvania  and  New  Jersey  as  well  as  from  New  York, 
A  glance  at  the  map  will  show  that  a  large  part  of  the  drainage  basin  is  dotted  with  lakes  and  ponds  of  various 
sizes,  but  generally  quite  small,  making  up  somewhat  in  number,  however,  for  their  small  size.  Their  influence  in 
moderating  the  floods  must  be  considerable.    From  the  fact  that  they  exist  in  such  numbers,  too,  it  would  seem 
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to  be  a  just  conclusion  that  the  facilities  for  storage  are  good  in  the  greater  part  of  the  basin,  and  by  either  raising 
the  level  of  some  of  these  lakes  or  constructing  artificial  reservoirs  in  other  places  the  flow  might  be  regulated  to  a 
considerably  greater  extent  than  it  is  now. 

As  regards  the  actual  discharge  of  the  river,  no  extended  series  of  measurements  has  been  made.  Mr.  AshJbel 
Welch,  of  Lambertville,  New  JA'sey,  past  president  of  the  American  Society  of  Civil  Euy  iiieers,  however,  gives  the 
discharge  as  varying  from  2,000  to  350,000  cubic  feet  per  second,  and  it  is  probable  that  the  former  is  very  near 
the  minimum. 

The  rainfall  over  the  basin  of  the  Delaware  varies  from  38  inches  in  the  upper  part  to  45  and  over  near  the 
mouth  of  the  stream.  It  is  distributed  through  the  seasons  with  tolerable  uniformity,  yet  with  a  decided  excess 
in  the  summer.    The  table  on  page  9  gives  more  detailed  iuformation  on  this  point. 

As  regards  facilities  for  the  utilization  of  power,  the  bed  and  banks  are  as  a  rule  favorable.  The  former  is 
principally  gravel,  sand,  and  bowlders,  and  often  rock  in  place,  while  the  hitler  are  generally  higli.  The  floods  are 
so  violent  that  the  maintenance  of  dams  is  said  to  be  difficult,  especially  on  account  of  the  great  quantities  of  ice 
which  the  river  brings  down;  yet,  inasmuch  as  the  only  dams  across  the  river  below  the  forks  are  a  few  very  low 
ones,  there  can  hardly  be  said  to  be  much  experience  on  this  point,  and  there  seems  to  be  no  reason  why  the 
construction  of  secure  dams  should  offer  any  particular  difliculiy.  The  raftiug  and  flsbing  interests  on  the  river  are 
opposed  to  the  extensive  use  of  the  stream  for  power,  and  at  present  no  daui  can  lawfully  be  built  entirely  across 
the  river.  Some  difficulty  has  been  experienced  from  the  conflict  of  these  varied  interests,  as  will  be  seen.  The 
following  are  the  laws  of  the  states  of  New  Jersey  and  Penusylvania  concerning  dams  on  the  river,  taken  from 
Prof.  Merriman's  report : 

Laxca  of  Pennsylvania  conocrning  tJwnavigation  and  improvement  of  the  Delaware  river  iettceen  Boston  and  Trenton. 

Act  of  March  9,  1771  (v.  Laws  Pennsylvania,  vol.  1,  page  322),  declares  that,  whereas  the  iniprovement  of  the  navigation  of  rivers  is 
of  great  lienefit  to  commerce,. and  Tvhereas  many  persons  have  subscribed  large  sums  of  money  for  this  purpose;  therefore,  etc.,  the 
Delaware  and  Lehigh  rivers  shall  be  common  highways  for  the  purposes  of  navigation. 

Twenty-six  commissioners  are  appointed  to  receive  subscriptions  and  to  improve  the  navigation  by  widening,  enlarging,  straightening, 
or  otherwise  improving  the  channel. 

Provides  a  penalty  of  "  twenty  pounds  good  and  lawful  money  of  this  province  for  constructing  dams  to  impede  navigation". 

Act  of  September  20,  1783,  ratifies  New  Jersey  act  of  May  27,  1783,  which  see,  page  45. 

Act  of  March  13,  1817  (Laws  of  Pennsylvania,  vol.  6,  page  422),  appoints  three  commissioners  to  improve  the  river  from  Foul  rift(o) 
to  the  bridge  at  Trenton.     Appropriates  $10,000  for  the  work. 

Act  of  March  29,  1819,  same  as  New  Jersey  act  of  March  1,  1820,  which  sec,  page  50. 

Act  of  April  6,  lb25  {Laws  of  1825,  page  144),  authorizes  the, Delaware  and  Earitan  Canal  Company  to  supply  the  said  canal  with 
water  from  tlie  river,  provided  no  injury  is  done  to  eij;her  ascending  or  descending  navigation,  but  reserves  the  right  to  withdraw  this 
privilege  if,  in  consequence,  the  water  of  the  river  is  lowered  1  inch,  and  also  provides  that  this  privilege  shall  cease  whenever  the  state 
of  New  Jersey  shall  refuse  to  grant  a  similar  right  to  Pennsylvania  to  take  the  same  amount  of  water. 

Act  of  March  26,  1826  {Laws  of  1826,  page  155),  repeals  last  act  and  passes  another  essentially  the  same,  except  "2  inches''  is 
substituted  for  "  1  inch". 

Act  of  April  9,  1827  (v.  Laws  of  1827,  page  196),  provides  for  survey  of  Delaware  valley  from  Bristol  to  Carpenter's  Point  with  a  view 
of  constructing  a  navigable  communication,  and  provides  that  if  after  this  survey  the  navigation  can  be  built  for  $12,000  per  mile  it  shall 
be  done,  provided  the  existing  na  ural  navigation  shall  not  be  impaired. 

Act  of  April  23,  1829  {Laics  of  1829,  page  312),  appoints  three  commissioners  to  meet  commissioners  from  New  Jersey  to  decide  where 
and  how  water  may  be  taken  from  the  Delaware  for  canals  and  water-powers. 

Act  of  April  10,  1S32{y.  Laws  of  1832,  page  638),  appoints  three  commissioners  to  ascertain  facts  about  a  certain  dam  of  which 
complaint  has  beea  made,  and  to  examine  the  river  near  Welles'  falls  to  ascertain  the  best  way  to  supply  the  Delaware  division  of  the 
Pennsylvania  canal  with  water. 

Act  of  February  8,  1833,  orders  the  above  commissioners  to  report  how^  the  obstructions  in  the  river  can  best  be  obviated  with  regard 
to  both  navigation  and  the  use  of  its  waters  for  canal. 

Act  of  April  20,  1846,  authorizes  canal  commissioners  to  erect  a  dam  at  Welles' falls  to  supply  canal  with  water  and  to  facilitate 
navigation  between  the  outlet  locks,  provided  it  does  not  interfere  with  the  passage  of  fish  or  Durham  boats,  or  the  raft  navigation. 
Eepealed  February  9,  1848. 

Act  of  April  4,  1866  {Laws  of  1866,  page  436),  provides  that,  whereas  the  natural  and  artificial  obstructions  in  the  Delaware  river 
above  tide- water  are  such  as  to  render  the  running  of  lumber  in  rafts  to  Philadelphia  and  other  points  extremely  hazardous,  causing  every 
year  the  destruction  of  largo  quantities  of  the  same,  and  thereby  increasing  its  price  in  market,  and  whereas  said  river  is  the  only  outlet 
from  tl^  upper  lumber  region  of  the  Delaware;  therefore  the  sum  of  $10,000  is  appropriated  to  remove  these  obstructions,  etc.  I.  T. 
Barnes,  Wayne  county;  John  Shause,  Pike  county;  John  Fisher,  Bucks  couuty,  are  appointed  commissioners  (6)  to  improve  the  river  at 
such  points  as  they  may  deem  best  to  carry  out  the  true  intent  of  this  act,  the  appropriation  to  be  expended  within  two  years. 

Act  of  March  7,  1»72  {Laws  of  1872,  page  259),  authorizes  the  Delaware  and  Earitan  Canal  Company,  or  their  lessee,  the  Pennsylvania 
Railroad  Company,  to  construct  permanent  wing-dams  in  the  Delaware  river,  from  tho  head  of  Bull's  island,  and  also  from  the  Pennsylvania 
shore  to  the  raft-channel,  not  exceeding  18  inches  high  above  common  low  water,  and  to  complete  and  maintain  the  wing-dam  heretofore 
built  for  the  improvement  of  the  raft  navigation  at  Welles'  falls;  also  to  erect  such  temporary  structures  in  said  channels  in  times  of  low 
water  as  may  be  necessary  to  keep  up  the  supply  of  water  to  the  canal  of  said  company,  and  to  maintain  sufficient  depth  of  water  to 
enable  loaded  boats  to  cross  to  said  canal  from  the  Delaware  Division  caual:  Provided,  That  nothing  in  this  act  shall  authorize  the 
obstruction  of  the  raft-channel  or  interfere  with  the  running  of  rafts. 

a  Foul  rift  is  about  12  miles  above  Easton,  and  is  a  very  dangerous  place. 

6  AH  of  these  commissioners  are  now  dead. 
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Laws  of  New  Jersey  concerning  ike  navigation  and  improvement  of  the  Delaware  river  between  Hasten  and  Trenton. 

Act  of  May  27,  1783  (see  Revised  Statutes,  1846,  page  41),  declares  that  the  riyer  Delaware,  from  the  northwest  corner  of  New  Jersey 
to  the  place  upon  the  said  river  where  the  circular  boundary  of  Delaware  toucheth  ujion  the  same,  is,  and  shall  continue  to  be  and  remain, 
■a  common  highway,  free  and  open  for  the  use  of  both  New  Jersey  and  Penusylyania. 

Act  of  November  26,  1808  (see  Btvised  Statutes,  1846,  page  480),  provides  that  if  any  person  sha^l  erect,  set  up,  build,  or  maintain  any 
wing-dam,  except  such  as  may  be  put  up  in  pursuance  of  any  special  act  of  the  legislature,  or  placing  any  other  obstruction  injurious  to 
the  navigation  of  the  river  Delaware,  he  shall  be  subject  to  the  penalty  of  |100. 

Act  of  March  1, 1820  (v.  Revised  Statutes,  1846,  page  547),  provides  that  no  dam,  wing,  or  other  device,  creating,  drawing,  or  using  a 
water-power,  shall  hereafter  be  erected  iu  the  Delaware  river,  between  New  Jersey  and  Pennsylvania,  without  a  view  first  had  by  three 
skillful  and  respectable  freeholders  in  each  state  residing  near  the  spot  of  the  proposed  construction ;  said  freeholders  to  be  appointed  by 
the  court  of  quarter  sessions,  and  to  report  to  said  court.  If  they  report  favorably,  and  that  it  will  not  injure  the  navigation,  the  court 
may  grant  permission  for  the  construction  of  the  wing  or  dam.  Penalty  of  not  less  than  $500  nor  more  than  |1,000  for  violating  the 
provisions  of  this  act. 

Act  of  February  18, 1829  (see  Laws  1833,  page  246) :  Whereas  the  waters  of  the  river  Delaware  may,  by  a  proper  arrangement  between 
the  two  states,  be  used  for  feeding  canals  and  water-powers,  to  the  great  and  lasting  advantage  of  both :  Therefore,  Resolved,  That  three 
commissioners  be  anpointed  to  meet  a  similar  commission  from  Pennsylvania,  to  decide  how  and  where  the  waters  may  be  most  advantageously 
used  for  these  pui^poses,  and  their  agreement,  when  duly  ratified  by  the  legislatures  of  both  states,  shall  be  binding  and  conclusive. 

Act  of  April  15,  1868  (see  Laws  1868,  page  1036),  authorizes  the  Delaware  and  Raritan  Canal  Company  to  make  such  a  structure  as  may 
be  necessary  for  the  protection  of  their  feeder  at  Bull's  island,  not  exceeding  18  inches  above  low  water,  and  not  interfering  with  the  raft 
navigation;  also  to  complete  the  wing-dam  at  Welles'  falls  for  the  improvement  of  raft  navigation;  also  to  erect  temporary  structures  at 
these  places  in  times  of  low  water,  for  the  protection  of  their  feeder  and  the  canal  navigation. 

The  latter  list  of  laws  is  incomplete.    The  following  are  to  be  added: 

Act  of  February  16, 1831 :  Trenton  Delaware  Palls  Company  incorporated.  It  is  made  lawful  for  the  company 
to  erect  a  wing-dam  in  the  Delaware  between  the  mouth  of  the  Assanpink  and  the  head  of  Welles'  falls,  and  a 
race-way  along  the  bank  of  the  river;  provided  such  dam  be  so  constructed  as  not  to  impede  the  passage  of  rafts, 
fish,  arks,  or  boats,  in  said  river. 

In  virtue  of  this  act,  a  dam  was  built  at  the  head  of  Scudder's  falls. 

Act  of  February  14,  1844:     Name  of  company  changed  to  Trenton  Water  Power  Company. 

Act  of  February  19, 1847,  authorizes  the  company  to  extend  the  race  along  the  river,  not  beyond  the  head 
of  Taylor's  rift ;  provided  the  same  shall  be  so  constructed  as  not  to  impede  the  passage  of  fish,  rafts,  arks,  or  boats, 
or  obstruct  the  free  and  uninterrupted  navigation  of  the  river. 

The  act  of  February  22,  1870,  provides  as  follows : 

Whereas  the  commissioners  appointed  by  the  state  of  Pennsylvania  for  improving  the  navigation  of  the  Delaware  have  restored 
and  improved  the  dam  erectt  d  many  years  ago  at  the  head  of  Scudder's  falls  by  the  commission  duly  appointed  for  that  purpose,  and 
connected  the  same  with  the  wing-dam  of  the  Trenton  Water  Power  Company,  whereby  the  navigation  of  said  river  has  been  greatly 
improved,  and  the  supply  of  water  to  the  race-way  of  said  company  been  made  sftfflcient  for  the  various  mills  depending  thereupon  foi 
power ;  and  whereas  the  term  of  office  of  said  commissioners  has  expired,  and  it  is  desirable  that  the  said  improvements  should  be 
maintained  and  protected  from  damage :  therefore,  be  it  enacted  by  the  senate  and  general  assembly  of  the  state  of  New  Jersey,  that  the 
Trenton  Water  Power  Company  is  hereby  authorized,  empowered,  and  required  to  maintain  and  protect  said  dam  at  Scudder's  faUs,  and 
the  chute  or  passage-way  thereon  for  rafts,  boats,  or  fish,  as  now  constructed,  so  that  the  navigation  of  the  river  and  the  supply  of  water 
to  the  race-way  of  said  company  may  be  secured  and  maintained. 

It  is  evident  from  the  above  that  no  high  dams  can  be  built  on  the  river,  and  that  if  large  falls  are  anywhere 
•utilized  it  must  be  with  canals  of  considerable  length,  considering  that  there  are  no  precipitous  falls. 

As  regards  accessibility,  the  facilities  on  the  Delaware  are  of  the  best.  From  tide-water  at  Trenton  up  to 
Deposit,  on  the  West  branch,  the  stream  is  followed  closely  by  railroads  and  canals,  except  for  a  short  distance 
below  Port  Jervis,  so  that  every  point  is  easily  reached.  This  very  fact,  however,  may  in  some  cases  render  the 
utilization  of  power  difi&cult,  especially  on  the  portion  of  the  river  above  Port  Jervis,  where  the  valley  is  narrow  and 
the  banks  are  often  high,  while  the  Erie  railroad  is  on  one  side  and  the  Delaware  and  Hudson  canal  is  on  the  other, 
often  leaving  little  room  between  them  and  the  river  for  races,  and  buildings. 

Having  presented  the  main  general  facts  regarding  the  stream,  I  will  now  describe  the  various  powers  which 
it  presents,  beginning  at  the  mouth. 

The  first  power  met  with  as  the  stream  is  ascended  is  at  Trenton,  the  head  of  tide- water.  A  dam  of  timber  and 
stone,  6  miles  above  the  city,  at  the  head  of  a  rift  known  as  Scudder's  falls,  raises  the  water  about  2  feet,  and  diverts 
a  portion  to  the  canal  leading  to  the  city.  The  elevation  above  tide  of  the  river  at  this  point  is  2 1  feet.  The  dam 
is  about  800  or  1,000  feet  long,  extending  in  a  broken  line  across  the  river,  but  is  by  no  means  tight,  and  has  a 
chute  for  the  passage  of  rafts.  It  is  4  or  5  feet  high,  and  is  roughly  built  of  timber,  brush,  and  stone.  The  bed 
of  the  stream  is  gravel  and  rock.  This  dam  has  been  the  cause  of  considerable  trouble.  It  was  built  originally 
many  years  ago,  and  was  improved  in  the  interests  of  navigation  by  the  commissioners  appointed  in  1866  by  the 
state  of  Pennsylvania;  but  their  term  expiring  before  the  dam  was  quite  completed,  the  water-power  company  was 
sued  by  fishermen,  who  claimed  that  the  dam  was  an  injury  to  the  navigation  and  fishing  interests ;  and,  although 
the  statements  regarding  the  case  vary  much,  it  appears  that  the  company  can  not  maintain  or  complete  the  dam, 
so  that  it  is  now  in  a  very  dilapidated  condition.  The  canal  leading  from  it  is  7  miles  long,  70  feet  wide  at  top, 
and  nominally  6  or  7  feet  deep,  but  it  is  said  to  be  much  obstructed  at  its  head  by  silt  and  grass.  The  fall  at  its 
lower  end  varies  from  10  to  15  feet,  according  to  the  tide  and  the  season.  The  privilege  is  owned  by  the  Trenton 
Water  Power  Company,  and  power  is  generally  leased  to  mills  at  the  annual  rate  of  $4  per  square  inch  under  a 
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head  of  3  feet,  while  to  some  original  customers  it  is  $3,  and  some  persons  own  the  right  to  draw  a  certain  amount  of 
water,  paying  no  rent  to  the  company.  The  quantity  of  water  used  by  the  various  mills  was  at  one  time  measured  for 
the  company  by  Mr.  William  E.  Worthen,  of  New  York,  and  the  prices  paid  have  since  been  in  accordance  with  that 
measurement.  'No  detailed  measurements  are  now  jiiade  by  the  company.  At  $4  per  square  inch  under  a  head  of 
3  feet,  and  a  head  and  fall  of  12  feet,  the  price  is  approximately  equivalent  to  $50  per  gross  horse-power  per  annum. 
The  mills  supplied  are  some  15  in  number,  and  consist  of  small  saw-,  flour,  planing,  woolen,  and  other  mills, 
together  with  machine-shops,  carpenter-shops,  the  rolling-mills  of  the  Trenton  Steel  &  Iron  Company,  and  the 
city  water-works,  using  in  all  about  360  cubic  feet  per  second,  or,  with  an  average  fall  of  12  feet,  about  500  gross 
horse-power.  The  mills  can  not  obtain  full  (Capacity,  however,  during  several  months,  the  x^ower  sinking  as  low  as 
one-half  at  times,  so  that  many  of  the  mills  have  steam  in  reserve.  The  leases  provide  for  the  water  being  out  of 
the  canal  for  not  over  two  months  in  the  year,  for  repairs,  etc. ;  but  the  water  being  often  very  low  for  three 
months  or  more,  such  allowance  is  made  to  the  mills  as  circumstances  require.  In  the  summer-time,  then,  no 
additional  power  is  available  with  the  existing  dam  and  canal,  while  in  winter  a  considerable  amount  goes  to 
waste.  The  pond  above  the  dam  affords,  of  course,  no  storage.  Freshets  and  ice  cause  little  trouble  to  these  mills. 
I  have  measured  the  drainage  area  above  Trenton  and  found  it  to  be  about  6,916  square  miles.  The  theoretically 
available  power  may  therefore  be  estimated  as  follows : 

Estimate  ofpotcer  available  at  Trenton. 


state  of  flow  (see  pages  8  to  11). 

Drainage 
area. 

FaU. 

Flow  per 
second. 

Horse-power  available, 
gross. 

Sq.  miles. 
I       6, 916 

I'eet. 
10-15. 

Oubicfeet. 
2,000 
2,350 
5,000 
2,700 

IfoolfaU 
227 
267 
668 
307 

10  feet  fall. 
2,270 
2,670 
5,680 
3,070 

The  rainfall  is  given  on  page  9.  As  regards  the  maximum  power  given  as  available  with  storage,  it  i» 
doubtless  practically  unavailable,  as  in  the  case  of  all  large  streams,  on  account  of  the  enormous  expense  it  would 
involve,  though  the  facilities  for  storage  are  probably  good.  The  power,  however,  could  not  well  be  concentrated 
into  less  than  24  hours,  for  no  storage  could  be  obtained  at  the  dam. 

Trenton  is  very  favorably  located  for  manufacturing,  the  facilities  for  transportation,  both  by  land  and  by 
water,  being  excellent.  The  power  is  remarkable  for  the  great  length  of  the  canal;  and,  in  fact,  I  have  met  with 
no  other  case  where  the  length  of  canal  was  so  great  in  proportion  to  the  fall  obtained. 

The  next  site  above  Trenton  is  at  Lambertville,  New  Jersey,  about  15  miles  above,  and  at  this  point  there 
are  two  powers.  Just  below  the  town  is  a  rift  known  as  Welles'  falls,  where  the  fall  at  low  water  is  14.31  feet  in  a 
distance  of  4,100  feet,  the  river  being  crossed  by  one  of  the  trap  ridges  which  are  so  prominent  in  the  highlands 
of  New  Jersey.  For  nearly  a  century  there  have  been  wing-dams  on  eithey  side  of  the  river  at  this  place,  leading 
the  water  to  saw-  and  grist-mills ;  and  in  1830  they  were  improved  by  the  state  of  Pennsylvania  "so  as  to  furnish  a 
supply  of  water  to  the  Delaware  Division  canal  by  means  of  a  power-  and  lift- wheel.  In  1848  the  canal  was  connected 
with  the  Earitan  by  outlet-locks  and  a  rope  ferry,  and  the  dams  were  still  further  improved.  In  1866  there  was 
expended  about  $7,000  out  of  the  appropriation  of  that  year,  and  probably  as  much  more  by  the  canal  companies,  in 
putting  in  additional  dams".  At  present  the  dam  is  of  rough  crib-work  and  stone,  about  1,700  feet  long  and  from  3 
to  10  feet  high,  forming  wings  extending  down  stream  from  the  left  bank  and  up  stream  from  the  right  bank,  the 
latter  wing  being  curved  down  stream  at  the  centei-,  leaving  a  chute  for  the  passage  of  rafts,  which,  however,  i» 
closed  in  low  water  by  a  temporary  dam.  The  dam  is  built  on  a  rock  bottom,  and  raises  the  water  about  2  feet  at  low 
water  at  the  center.  The  width  of  the  stream  is  about  800  or  1,000  feet.  When  I  was  in  Lambertville  no  power 
was  used  except  a  very  small  amount  lor  raising  water  into  the  Delaware  Division  canal,  on  the  right  bank,  but 
a  paper-mill  was  being  constructed  on  that  side,  at  the  end  of  the  dam,  to  use  a  fall  of  9  or  10  feet  and  a  power  of 
165  net  horse-power.    The  tail-race  is  400  feet  long  and  25  feet  wide,  carried  level  from  low  water  at  its  lower  end. 

The  facilities  for  utilizing  the  total  fall  of  14  feet  within  the  mile  below  the  dam  are  not  very  good.  On  the 
right  bank  there  are  no  railroad  facilities,  and  the  canal  is  close  to  the  river;  while  on  the  left  the  railroad  follows 
the  stream  closely,  and  on  account  of  the  high  banks  it  is  doubtful  whether  it  would  be  profitable  to  develop  much 
power.  Nevertheless,  it  could  be  done  if  necessary,  and  in  the  table  on  page  98  I  have  estimated  the  total  power 
available.  No  storage  during  the  night  could  be  secured,  and  in  regard  to  the  estimates  the  same  remarks  apply 
as  in  the  case  of  Trenton. 

The  second  power  at  Lambertville  is  obtained  from  the  feeder  of  the  Delaware  and  Earitan  canal,  on  the  left 
side  of  the  river.  This  feeder  is  supplied  from  a  dam  on  the  Delaware,  situated  about  7  miles  above  the  town,  at 
the  head  of  Bull's  island,  turning  the  water  between  the  island  and  the  New  Jersey  shore,  and  thence  into  the 
canal.  The  dam  is  composed  of  a  wing  from  each  bank,  with  a  chute  120  feet  wide  between  them,  and  is  900  feet 
long  or  more,  and  2  or  3  feet  high,  but  raising  the  water  only  a  few  inches.    It  was  built  about  the  year  1873. 
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At  Lainbt'itviile  the  canal  bas  a  lock  with  a  lift  of  about  10  feet,  while  the  upper  level  is  about  18  or  19  feet  above 
the  river;  and  uot  only  the  fall  of  the  lock,  but  also  that  to  the  river,  is  utilized  for  power,  the  following  table 
giving  in  formation  regarding  the  mdls  at  present  in  operation : 

A. — Mills  discharging  water  to  river  at  Lambertville. 

Approximate  net 
horse-power. 

Lambertville  iron-works  arid  machine-shop 100 

Ely's  flour-mill , 1 45 

Flour-  and  saw-mill  - 75 

Lambertville  Paper  Manufacturing  Company -. 65 

B. — Mills  discharging  ivater  to  lower  level  of  canal  at  Lambertville. 

Twine-mill 60 

Am  well  Cotton  Spinning  Company : ;.  65 

McDowell's  paper-mill - - 65 

Weeden's  pai)er-mill 65 

Total  power  utilized  (approximately) 540 

All  these  mills  can  be  run  at  full  capacity  during  about  eight  or  nine  months,  and  are  obliged  to  stop  their  wheels 
entirely  during  a  month  or  more  when  the  water  is  drawn  from  the  canal ;  so  that  all  but  two  have  steam-power  in 
reserve.  There  is  little  trouble  on  account  of  freshets  in  the  river,  bnt  the  canal,  which  is  about  60  feet  wide  and 
6  feet  deep,  has  not  sufficient  capacity  to  supply  much  more  than  the  wants  of  the  mills  at  certain  times.  The 
power  is  owned  by  the  Pennsylvania  Eailroad  Company,  lessees  of  the  Delaware  and  Earitan  canal,  and  is  leased 
by  them,  the  mills  to  obtain  only  the  surplus  water,  and  no  fixed  amount  being  guaranteed  to  them.  Although 
the  water  is  nominally  rented  at  the  rate  of  $3  per  square  inch  under  a  head  of  3  feet,  special  agreements  are 
sometimes  made,  and  no  paihs  are  taken  to  regulate  exactly  the  quantity  used.  The  water  that  is  returned  to  the 
lower  level  of  the  canal  is  controlled  by  a  separate  water-power  company,  known  as  the  Lambertville  Water  Power 
Company,  the  waste  or  flume  water  being  carried  around  the  lock  in  a  canal  1,400  feet  long  and  18  feet  wide.  The 
company  leases  water  to  the  mills  at  certain  fixed  x>rices,  the  mills  to  take  the  risk  of  low  water  themselves. 
These  mills  are  probably  able  to  run  a  little  more  regularly  than  those  discharging  the  water  to  the  river,  because 
they  do  not  waste  the  water  from  the  canal,  and  are  therefore  less  liable  to  be  shut  off  in  dry  seasons.  It  may  be 
mentioned  here,  in  connection  with  power  used  from  the  feeder-canal,  that  between  Lambertville  and  Trenton 
there  are  three  small  grist-  or  saw-mills  taking  water  from  the  canal  and  discharging  it  to  the  river. 

As  already  mentioned,  the  table  on  page  98  gives  estimates  of  the  total  available  power  at  Lambertville;  but 
in  regard  to  whether  it  is  practically  available,  circumstances  must  decide.  There  seems  to  be  no  good  reason  why, 
if  a  dam  could  be  extended  entirely  across  the  river  at  Bull's  island,  the  capacity  of  the  canal  above  Lambertville 
might  not  be  increased  so  as  to  render  a  very  large  power  available  there,  with  a  fall  of  18  or  19  feet,  and  without 
interfering  with  the  power  at  Welles'  falls.  At  present,  however,  it  is  evident  that  scarcely  any  additional  power 
is  available  from  the  canal  at  certain  seasons.    As  regards  transportation,  Lambertville  is  very  favorably  situated. 

Between  Lambertville  and  Easton  there  are  several  shoals  on  the  river,  many  of  which  might  be  used,  and 
probably  would  be  used,  if  dams  could  be  built  across  the  river.  The  table  below  gives  information  regarding 
ithem : 


Falls  and  rifts  on  Delaware  river 
between  Easton  and  Trenton. 


Phillipsburg  rift . . 
WhippoorwlU  rift, 

Clifford's  rift 

Old  Sow  rift 

G-ronnd  Hoff  rift  -  - 

Eocky  falls 

Gravelly  rift  

Durliani  falls 

Old  Fry  rift 

Lynn's  falls 

Nockamison  falls . 

Ferman's  falls 

Stnhl's  falls 

Man-of- War's  rift . 
Buttonwood  rift  - . 
Little  Howie's  rift 


Distauce 
from  the 

railroad 
bridge  at 

Trenton 
to  the 

head  of 
each  rilt. 

Length 

of  each 

rift. 

1 

Fall  of 
each  rift. 

Miles. 

Feet. 

Feet. 

49.3 

3,900 

5.85 

47.0 
45.9 

1,200 
1,500 

4.05      . 

44.7 

2,050 

4.74 

43.5 

2,000 

2,66 

42.5 

3,900 

3.0^ 

41.7 

800 

1.20 

40.3 

500 

3.16 

39.0 

100 

0.42 

38.0 

2,000 

8.81 

36.4 

1,300 

4.44 

33,0 

1,000 

5.36 

31.8 

600 

1.50 

29.0 

400 

1.00 

28.4 

700 

2.30 

27.0 

1,500 

8.52 

Falls  and  rifts  on  Delaware  river 
between  £as4;on  and  Trenton. 


Hush  rift 

Wharford's  rift 

Little  a*d  Big  Tumble  falls 

Bull's  falls 

Eagle  rift 

Howell's  rift 

Bird's  Point  rift „. 

Limestone  rift 

WeUes' falls 

Bucktail  rift 

Beaumont  rift 

Carr's  rift 

Scudder's  falls 

Gould's  rift 

Trenton  falls 


Distance 
from  the 
railroad 
bridge  at 
Trenton 
to  the 
head  of 
each  rift. 


Miles. 

26.2 

25.5 

24.8 

22.0 

19.6 

18.8 

17.3 

16.0 

13.7 

1.2.3 

11.3 

9.0 

6.0 

3.4 

0.5 


Length 

of  each 

rift. 


Feet. 

300 

2,700 

4,600 

1,800 

1,500 

2,000 

500 

700 

4,100 

400 

150 

300 

2,600 

1,600 

3,400 


Fall  of 
each  rift 


Feet. 
5.08 
4.17 

10.37 
4.12 


14.31 


4.69 
7.57 
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At  present  there  are  a  few  small  mills  on  tlie  river  within  this  distance,  with  wing-dams,  and  using  falls  of  4 
or  5  feet,  and  there  have  been  other  such  mills  in  times  past.  The  banks  of  the  stream  are  quite  steep  for  several 
miles  below  Easton,  while  the  railroad  on  one  side  and  the  canal  on  the  other  follow  the  river  quite  closely.  At 
Eastou  there  is  a  low  dam  extending  i)art  way  across  the  stream,  and  a  rope  ferry,  to  enable  boats  to  cross  between 
the  Morris  and  Essex  canal  and  the  Delaware  Division  canal.  About  4  miles  above  Easton,  at  Wycott,  there  is  a 
fall  of  about  8  feet  in  a  mile,  which  could  be  utilized  if  necessary,  and  which  could  i)erhaps  be  made  to  afford  a  good 
power  without  interfering  with  raft  navigation.  No  power  is  used  there  at  present.  Passing  a  few  small  rapids, 
where  falls  of  up  to  perhaps  G  feet  could  be  obtained,  the  next  power,  and  one  of  the  most  important  on  the  stream, 
is  tlie  "Foul  rift",  just  below  Belvidere.  The  lapids  extend  over  a  distance  of  about  If  mile,  the  fall  at  low  water 
amounting  to  22.8  feet,  according  to  a  survey  made  in  1847  by  Caleb  H.  Valentine.  The  bed  of  the  stream  is  of  solid 
rock,  and  the  banks  are  quite  high,  particularly  on  the  Pennsylvania  side,  where  a  rook  bluff  20  or  25  feet  high 
-extends  for  some  distance.  On  the  New  Jersey  side  the  banks  are  high  along  the  lower  part  of  the  fall,  and  the 
railroad  follows  the  streaai  closely,  gradually  receding  from  it  toward  the  head  of  the  shoal.  The  rift  is  divided 
into  two  parts,  the  upper  being  called  the  "  Little  Foul  rift"  and  the  lower  the  "  Big  Foul  rift",  and  the  head  of  the 
former  is  just  below  the  mouth  of  the  Pequest  creek.  No  power  is  at  present  used  at  the  place,  but  formerly  there 
was  a  gristmill  on  the  left  bank,  taking  water  by  means  of  a  wing-dam  between  Big  and  Little  Foul  rifts.  By  using 
the  iall  of  Little  Foid  rift  and  part  of  that  of  Big  Foul  rift  it  is  probable  that  a  fall  of  15  or  18  feet  could  be 
rendered  available,  but  the  utilization  of  the  total  fall  of  23  feet  would  probably  be  very  expensive.  The  width  of 
the  stream  at  the  head  of  the  rift  is  about  600  feet.  In  the  table  on  page  98  will  be  found  an  estimate  of  the  total 
power  available  at  this  place  for  a  fall  of  23  feet. 

Continuing  up  the  river,  there  arc  said  to  be  several  places  between  Belvidere  and  Port  Jervis  where  falls  of 
5  to  8  feet  could  be  utilized,  though  none  of  them  are  used  at  present.  The  following  rifts  were  named  to  me  by 
persons  acquainted  with  the  river:  Long  rift  (5  feet  or  thereabout).  Mack's  and  Buttermilk,  Sliding  rift,  Indian 
rift,  Esp  rift,  Smithfleld  rift.  Sambo  and  Mary,  Fiddler's  Elbow. 

At  Port  Jervis,  New  York,  some  power  is  used,  but  from  the  Delaware  and  Hudson  canal,  and  not  from  the 
river.  The  right  to  take  all  the  surplus  water  from  the  canal-level,  which  is  12  miles  in  length,  and  the  lowest  on 
the  canal,  is  owned  by  the  estate  of  H.  II.  Faruum.  The  amount  of  water  available  depends,  of  course,  upon  the 
amount  of  traffic,  but  is  always  considerable,  and  generally  quite  sufficient  to  supply  all  the  mills  at  present  using 
power  from  that  source,  although  I  was  told  that  at  times  even  the  traffic  on  the  canal  is  interrupted  for  want  of 
water.  It  may  be  mentioned  here  that  the  canal,  which,  starting  at  Honesdale,  Pennsylvania,  follows  the 
Lackawaxen  and  Delaware  rivers  to  Port  Jervis,  and  then  the  Neversjnk  and  a  tributary  of  the  Hudson,  terminating 
at  Eondout,  on  the  Hudson,  is  fed  from  the  Lackawaxen,  the  Delaware,  various  tributaries  of  the  latter  which  it 
crosses,  and  the  Neversink;  and  that  a  number  of  artificial  reservoirs  have  been  constructed  for  the  purpose  by 
■damming  the  outlets  of  lakes,  of  which  there  are  so  many  in  the  neighborhood.  The  following  are  some  of  these 
lakes  feeding  the  Neversink  portion  of  the  canal:  Yankee  pond,  640  acres;  Lord's  pond,  450  acres;  Sheldrake 
pond,  250  acres;  Wolf  pond,  350  acres;  Beaver  Dam  pond,  150  acres;  McKee's  pond,  250  acres;  Masten  pond,  100 
acres.     These  ponds  are  dammed  to  heights  of  from  5  to  25  feet.(a) 

The  fall  from  the  Port  Jervis  level  of  the  canal  to  the  river  is  30  feet  or  over.  A  race  10  feet  wide  and  5  or  6(1) 
feet  deep  leads  from  the  canal,  and  supplies  the  following  mills :  A  grist-  and  plaster-mill  and  spoke  factory,  in 
one  building,  using  in  all  about  95  (?)  horse-power,  with  a  fall  of  20  feet;  a  planing-mill,  furniture  factory,  sash-  and- 
blind  factory,  turning-works,  etc.,  all  in  one  building,  using  a  fall  of  about  25  feet  and  SOC?)  horse-power.  The  tail- 
race  is  from  a  quarter  to  a  half  mile  long,  with  a  fall  of  several  feet.  All  these  mills  are  owned  by  the  estate  of  H. 
H.  Farnum.  Those  leasing  them  state  that  they  can  obtain  full  capacity  during  only  about  seven  or  eight  months, 
and  that  during  a  month  or  so  no  power  can  be  obtained,  the  water  being  drawn  from  the  canal  for  the  purpose  of 
making  repairs.  During  the  summer,  generally,  more  power  is  available  than  is  used,  but  during  the  winter  the 
•supply  is  short,  probably  because  the  canal  company,  which  does  not  guarantee  any  sx)ecial  quantity  of  water,  shuts 
■off  its  feeders  to  a  certain  extent  during  the  winter,  when  there  is  no  traffic,  so  that  almost  all  the  water  available 
is  what  flows  directly  into  the  canal  from  a  few  small  streams  which  are  intercepted  by  it.  There  seems  to  be  no 
■doubt,  therefore,  that  a  considerably  larger  amount  of  power  could  be  used  here  if  arrangements  could  be  made 
with  the  canal  company  to  supply  the  water.  In  summer,  except  in  very  dry  seasons,  when  traffic  is  sometimes 
interrupted,  there  is  generally  considerable  waste  from  this  level  over  waste-weirs. 

Above  Port  Jervis  the  Delaware  has  no  falls  or  rapids  of  special  importance,  so  far  as  I  could  learn,  although 
there  are  rifts  of  minor  importance,  such  as  Saw-mill  rift,  4  miles  above  Port  Jervis;  Butler's  falls,  a  mile  above; 
Megick  falls,  4  or  5  miles  still  farther  up;  Narrow  falls,  2  miles  above  the  mouth  of  the  Lackawaxen;  Cedar  falls; 
•Cochecton  falls,  a  little  below  Cochecton,  and  others.  Eegarding  the  amount  of  fall  available  at  these  places  I 
can  give  no  accurate  information.  None  of  them  are  abrupt,  but  they  are  rapids  extending  sometimes  over 
•distances  of  a  mile  or.  more,  and,  according  to  estimates  of  persons  acquainted  with  the  river,  the  falls  vary  from  6 


a  I  am  indebied  to  Mr.  Charles  St.  John,  of  Port  Jervis,  for  valuable  information  regarding  the  streams  tributary  to  the  Delaware, 
:aei  well  as  regarding  the  river  itself. 
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to  10  feet.  Neither  can  I  give  detailed  information  as  to  whether  these  falls  are  easy  to  develop.  The  banks  are 
generally  high  and  favorable  for  dams,  and  the  bed  will  also  probablyvbe  found  favorable;  but,  as  already  remarked, 
the  closeness  of  the  canal  and  railroad  to  the  banks  may  in  some  cases  leave  no  room  for  building,  while  the  freshets 
are  said  to  be  very  violent,  and  to  render  it  difficult  to  maintain  dams.  A  dam  was  built  in  1873  or  1874  at 
Lordsville,  8  or  10  miles  below  Hancock,  but  the  first  heavy  freshet  carried  it  away,  owing,  however,  it  is  said,  to 
faulty  construction.  The  general  testimony  of  those  acquainted  with  the  river  seems  to  be  that,  as  far  as  location 
and  fall  are  concerned,  numerous  fine  sites  for  power  exist,  but  that  the  heavy  freshets  and  ice-jams,  and  the 
frequent  want  of  building-room,  constitute  the  principal  objections  to  their  utilization.  Indeed,  a  glance  at  the 
table  of  declivity  on  page  91  is  sufficient  to  show  conclusively  that  the  stream  possesses  a  large  amount  of  power 
which  might  be  utilized  if  no  local  difficulties  should  be  encountered.  No  power  is  at  present  used  on  this  part  of 
the  stream,  the  only  dam  being  the  canal  feeder-dam  just  below  the  mouth  of  the  Lackawaxen,  a  crib- work  structure 
about  400  feet  long  and  2  feet  high,  with  a  chute  160  feet  wide  for  rafts.  The  height  may  be  increased  to  5  feet  by 
means  of  flash-boards. 

We  proceed  to  consider  the  tributaries  of  the  stream,  among  which  will  be  described  the  two  branches  which 
unite  at  Hancock : 

Summary  of  power  at  principal  points  on  the  Delaware  river. 


Distance 

from 
Trenton. 

Brainage 
area. 

EArarALL. 

TOTAL  FALL. 

H0K8E-P0WEE  AVAILABLE, 
GB0B8.(a) 

UTILIZED. 

Locality. 

Spring. 

Sum- 
mer. 

An- 
tnmn. 

Winter. 

Tear. 

Length. 

Height 
at  low 
water. 

Mini- 
mum. 

Mini- 
mum 
low 
season. 

Maxi- 
mum 

with 
storage. 

Low 
season, 

dry 
years. 

FaU. 

Horse- 
power, 
net. 

Trenton 

Miles. 

0.0 

13.7 

15.0 

68.0 

Sq.  miles. 
6,916 
6,820 
6,750 
4,700 

Inches. 
11 
11 
11 

10 

Inches. 
13 
13 
13 
13 

Inches. 
11 
11 
11 
10 

Inches. 
9 
9 
9 
8 

Inches. 

44 
44 
44 
41 

7mile8 

4,100  feet.. 

7  miles 

2  miles 

Feet. 

10-15 

14.31 

18 

23 

2,270 
3,300 
4,100 
3,000 

2,670 
3,850 
4,800 
3,500 

5,680 

8,000 

10,  000 

9,500 

3,070 
4,400 
5,450 
4,000 

Feet. 
10-15 
9 
10  and  18 
0 

500 

WeUes'  falls 

165  (!) 
515 
0 

Ldintpertville  (from  canal)  - 
Fonlrift 

a  See  pages  8  to  11. 


TEIBUTAEIES  OF  THE  DELAWARE   EIVEE  AND   OF  DELAWARE  BAT. 

Beginning  at  the  Atlantic  ocean,  the  first  tributary  of  importance  is  the  Maurice  river,  from  New  Jersey, 
rising  in  Gloucester  county, and  pursuing  a  southerly  course,  forming  the  boundary  line  between  Salem  and 
Cumberland  counties,  ajid  finally  flowing  through  the  latter  to  empty  into  Delaware  bay  about  20  miles  north  of 
Cape  May.  Its  course  measures  in  a  straight  line  about  35  miles,  and  it  drains  a  total  area  of  about  380  square 
miles,  lying  in  the  eastern  division  of  the  Atlantic  water-shed  (see  page  2).  The  stream  is  navigable  as  far  as 
Millville,  the  head  of  tide-water,  about  15  miles  from  its  mouth,  and  the  only  important  town  along  its  course. 
The  stream,  like  all  those  in  southern  New  Jersey,  is  a  sand-hill  stream,  the  general  character  of  which  class  of 
streams  will  be  found  described  in  my  report  on  the  southern  Atlantic  water-shed,  and  to  some  extent  on  pages  114  and 
115  of  this  report.  The  first  power  which  it  offers  is  at  Millville.  A  dam,  built  partly  of  earth  and  partly  of  stone,  and 
measuring  in  all  about  half  a  mile  in  length  (the  stone  part  being  200  feet  long)  and  23  or  24  feet  in  height,  forms  a 
pond  which  covers,  it  is  said,  twelve  or  fourteen  hundred  acres.  The  dam  was  built  in  1879,  and  is  said  to  have 
cost  $100,000.  That  part  which  is  of  earth  is  15  or  20  feet  wide  on  top,  with  flat  slopes  on  each  side,  while  the 
stone  part  is  rectangular  in  section,  with  four  buttresses  on  the  face,  8  feet  wide  and  20  feet  high,  stepped  off  in  front. 
The  bed  of  the  stream  in  front  of  the  stone  dam  is  protected  by  an  apron  of  logs.  From  the  pond  a  race  1,500  feet 
long,  40  feet  wide,  and  7  feet  deep  leads  to  the  mills,  where  the  fall  is  24  feet  at  mean  tide.  The  following  list  gives 
the  mills  now  running,  with  the  net  power  used:  Water-works,  40  horse-power;  grist-  and  flour-mill,  40  horse- 
power; blacking-mill,  50  horse-power;  found ery,  60  horse-power;  bleachery,  100  horse-power;  cotton  factory,  400 
horse-power — making  a  total  of  690  horsepower.  Full  capacity  can  be  obtained  during  eleven  months,  and  three- 
quarters  during  the  remaining  month ;  but  this  is  by  drawing  down  the  water  in  the  pond  at  all  seasons,  so  that  no 
water  is  wasted.  In  addition  to  the  water-power,  steam-power  is  used  continually  in  the  cotton  factory  and  part 
of  the  time  at  the  bleachery,  to  the  extent  of  150  horse-power  in  each.  All  the  mills  are  owned  and  operated  by 
the  Millville  Manufacturing  Company.  The  power  is  one  of  the  best  and  largest  in  southern  New  Jersey,  and  the 
facilities  for  transportation  are  good.  Boats  drawing  7  feet  come  up  to  the  faetory,  but  a  great  desire  is  expressed 
to  have  the  navigation  of  the  stream  improved  so  that  larger  craft,  which  now  have  to  be  partially  unloaded  2  miles 
below  the  town,  can  ascend. 

There  are  no  large  powers  on  the  stream  above  this  point,  so  far  as  I  could  learn,  although  on  the  stream  and 
its  tributaries  there  are  some  small  mills.    It  is  said  that  about  6  miles  above  Millville  a  fall  of  10  feet  could  be 
obtained  by  damming,  affording  a  good  power,  with  quite  a  large  pond.    The  declivity  of  the  stream  is  very 
gradual,  and  the  bed  sand. 
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The  next  tributary  worthy  of  meutiou  is  Cohansey  creek,  New  Jersey,  which  rises  iu  Salem  county  and  flows 
south  into  CumberlanQ  county,  flowing  by  the  town  of  Bridgeton,  which  is  the  head  of  navigation  and  of  tide-water, 
and  finally  nearly  west  into  the  Delaware.  It  is  a  small  stream,  draining  only  about  100  square  miles,  and  resembles 
the  Maurice  river  in  general  character.  Its  only  power  of  importance  is  at  Bridgeton,  up  to  which  point  (15  miles) 
there  is  a  navigable  depth  of  7  feet  at  low  water.  An  earthen  dam  about  a  quarter  of  a  mile  long  and  11  or  12 
feet  high  forms  quite  a  large  pond,  and  from  it  a  race  a  mile  long  leads  to  the  town,  where  a  fall  of  14  or  15  feet  is 
used  at  mean  tide.  The  mills  supplied  are :  A  flour-mill,  owning  the  right  to  a  certain  quantity  of  water,  and 
using  a  fall  of  12  feet,  with  25  or  30  horse-power,  and  the  Cumberland  Nail  &  Iron  Company,  using  a  fall  of  14 
feet,  and  running  a  nail  factory,  foundery,  machine-shop,  and  blacksmith-shop  continuously  by  water-power,  about 
90  horse-power  being  used,  while  another  nail-mill  of  the  same  company  uses  about  60  horsepower  part  of  the  time, 
steam  being  used  for  several  hours  every  day  during  high  tide.  These  mills  can  obtain  fu'  capacity  all  the  time, 
at  nearly  all  seasons,  by  drawing  down  the  water  in  the  pond  during  the  day-time.  The)  ;  are  several  ponds  on 
the  stream  above  this,  so  that  the  flow  is  remarkably  constant,  and  there  is  no  trouble  v  th  freshets  or  with  ice. 
There  are  no  other  large  powers,  however,  and  only  a  few  small  grist-  or  saw-mills.  On  a  tributary  to  the  Cohansey 
which  flows  through  Bridgeton  a  pond  called  East  lake  is  used  to  run  a  grist-  and  saw-mill  and  the  city  water- 
works, the  fall  being  19  feet;  and  formerly  a  woolen-mill  was  run  from  the  same  pond,  suf  ^ring,  however,  for  want 
of  water.  In  fact,  many  of  the  small  streams  in  this  part  of  the  state  are  dammed  at  v  arious  places,  affording 
excellent  small  powers,  with  considerable  storage. 

The  other  tributaries  from  New  Jersey  below  Trenton  (the  fall-line)  are  similar  to  those  just  described,  though 
with  no  large  powers.  The  largest  is  Eancocas  creek,  a  stream  utilized  to  a  considerable  extent.  On  the  north 
branch  there  are  some  grist-mills,  and  the  works  of  the  H.  B.  Smith  Machine  Company,  at  Smithville,  using  a  fall  of 
8  feet  and  about  100  horse-power  to  run  their  various  mills.  Full  capacity  can  be  secured  all  the  time,  probably  by 
drawing  down  the  water  in  the  pond.  The  site  is  only  2  miles  above  Mount  Holly,  which  is  the  head  of  tide- water. 
The  head  of  navigation  is  Centreton,  7.0  miles  from  the  mouth,  and  the  navigable  depth  up  to  this  place  is  4.5  feet 
at  low  water.  Assanpink  creek,  emptying  at  Trenton,  runs,  besides  a  number  of  grist-mills,  the  rubber  works  of 
Whitehead  Brothers,  with  a  fall  of  7  or  8  feet,  and  80  horse-power  during  six  months,  by  drawing  down  the  water 
in  the  pond.    At  Trenton  the  same  stream  runs  Wilson's  woolen-mill. 

Passing  to  the  west  side  of  the  river,  the  tributaries  from  Delaware,  with  one  exception,  call  for  no  notice. 
Those  below  Wilmington  are  small  sand-hill  streams,  and  their  power  utilized  is  tabulated  beyond.  Christiana 
creek,  however,  which  empties  near  Wilmington,  has  considerable  power,  and  its  tributaries  lie  partly  above  the 
fall-line.  The  main  stream,  which  has  its  sources  in  both  Maryland  and  Delaware,  lies  entirely  below  the  fall-line, 
and  is  essentially  a  sand-hill  stream.  It  has  a  navigable  depth  of  12  feet  at  low  water  up  to  Wilmington,  12  miles 
from  the  mouth,  above  which  it  runs  a  number  of  small  mills  whose  power  is  given  in  the  appended  table.  White 
Clay  creek,  one  of  its  tributaries,  has  more  fall,  and  rises  in  Pennsylvania,  above  the  fall-line.  It  runs  a  number  of 
grist-mills,besides  paper-,  cotton-,  and  woolen-mills,  and  is  in  fact  one  of  the  best-utilized  streams  in  the  neighborhood. 
The  Kiamensi  woolen-mill,  at  Stanton,  the  head  of  tide-water,  uses  a  fall  of  from  9  to  16  feet,  and  55  to  75  horse- 
power, holding  the  water  at  night;  just  above  is  a  site  not  used,  formerly  occui)ied  by  the  "Harmony"  flour-mill, 
with  a  fall  of  8  feet;  then  a  flour-mill  with  a  small  power;  then  a  site  formerly  occupied  by  the  Eoseville  cotton-mill, 
with  a  fall  of  12  feet ;  and  then,  at  Newark,  Dean's  woolen  factory  and  Curtis  &  Brother's  paper-mill,  the  former  with 
a  fall  of  10  feet,  and  50  horse-power  during  eight  months,  and  the  latter  with  a  fall  of  12  feet,  and  75  or  80  horse-power 
cluring  three  months.  The  flow  of  the  stream  is  very  variable,  and  is  said  to  be  much  less  constant  than  in  former 
years.  Bed  Clay  creek,  a  tributary  of  White  Clay  creek,  is  a  similar  stream,  and  runs  mills  of  various  kinds,  details 
regarding  which  are  not  necessary.  The  only  remaining  tributary  of  the  Christiana  which  is  worth  naming  is  the 
Brandywine,  which  rises  in  the  northern  part  of  Chester  county,  Pennsylvania,  and  flows  south  to  join  the  Christiana 
just  below  Wilmington.  This  stream  is  the  most  important  water-power  stream  in  the  vicinity.  The  first  power  is 
at  Wilmington,  where  there  are  two  dams.  The  lower,  200  feet  long  and  6  feet  high,  supplies  the  following  mills : 
On  the  south  side,  a  grist-mill,  with  6  or  8  feet  fall,  and  30  horse-power;  and  on  the  north  side,  one  wheel  in  a  flour- 
mill  run  principally  froni  the  upper  dam.  Full  capacity  can  be  secured  during  only  six  months,  because  the  only 
water  available  is  what  flows  over  the  dam  above.  The  upper  dam  is  about  200  feet  long  and  6  feet  high,  and  races 
a  mile  long  lead  the  water  by  the  first  dam,  supplying  the  following  mills  :  On  the  north  side,  four  corn-  and  flour- 
mills  ;  and  on  the  south  side,  a  corn-mill,  a  flour-mill,  a  machine-shop,  and  the  city  pump-works.  The  fall  used  is 
19  or  20  feet  at  mean  tide.  The  total  power  used  is  uncertain.  There  were  not  long  ago  four  other  corn-mills  on 
the  south  side,  which  were  destroyed  by  fire.  These  mills  can  secure  full  capacity  during  only  from  six  to  nine 
mouths,  and  the  city  water- works  have  steam-power  in  reserve.  The  bed  of  the  stream  for  some  miles  above  tide  is 
rock  and  gravel,  and,  like  the  banks,  favorable  for  dams,  but  the  storage  obtained  is  small,  on  account  of  the  rapid 
fall.  This  shoal  or  rapid  is  probably  at  the  place  where  the  stream  crosses  the  fall-line — the  head  Of  tide- water.  The 
drainage  area  being  about  238  square  miles,  I  should  estimate  the  power  at  about  5  gross  horse-power  per  foot  when 
at  its  minimum,  and  10  horse-power  in  the  low  season  of  ordinary  years,  the  latter  figure  giving,  therefore,  a  power 
of  200  horsepower,  gross,  with  a  fall  of  20  feet.  The  flow  of  the  stream  is  quite  variable,  and  there  are  no  lakes  in 
the  basin ;  but  the  rainfall  is  large,  and  favorably  distributed,  being  as  follows :     Spring,  12;  summer,  13;  autumn. 
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12 ;  winter,  10^— year,  47  inches.  The  four  mills  that  were  burned  had  together  eight  pairs  of  stones,  and  used  a  fall 
of  20  feet.  All  the  powers  at  Wilmington  are  owned  by  the  owners  of  the  mills,  and  the  distribution  of  water  is 
governed  by  old  agreements  and  contracts.  It  appears  that  there  are  seven  rights  on  the  south  side,  from  the  upper 
dam,  each  entitled  to  about  155  square  inches  under  a  head  of  about  3  feet.  The  total  power  used  on  the  north  side 
is  about  75  or  SO  horsepower,  an,d  is  all  owned  by  one  person. 

For  the  next  5  miles  above  Wilmington  the  fall  of  the  stream  is  large,  amounting,  it  is  said,  to  over  200  feet, 
while  in  the  8  succeeding  miles,  above  Eockland,  it  is  stated  at  only  20  or. 30  feet.  Between  the  two  Wilmington 
dams  tliere  was  once  a  third  dam,  which  it  was  intended  to  raise  so  as  to  do  away  with  the  upper  dam,  but  nothing 
now  remains  of  it.  The  next  mill  above  Wilmington  is  the  Augustine  paper-mill  of  Jessop  &  Moore.  The  dam 
is  100  feet  long  and  C  feet  high,  built  of  stone  in  1868,  the  previously- existing  timber  dam  having  been  carried  away. 
The  fall  is  10-J  feet,  and  280  horse  power  is  used,  with,  in  addition,  steam  power  to  the  extent  of  570  horse-power, 
running  all  the  time.  The  full  capacity  of  the  wheels  can  be  secured  during  only  four  months  of  the  year.  The 
next  mill  is  the  cotton-mill  of  J.  Riddle,  Son,  &  Co.  The  dam,  which  is  principally  of  stone,  is  225  feet  long  and  8 
or  9  feet  high.  The  fall  used  is  15  or  16  feet,  and  the  power  is  300  horse-power,  which,  however,  can  be  obtained 
during  only  about  eight  months,  reserve  steam-power  being  used  when  the  water  is  low.  The  dam  was  partly 
carried  away  in  the  great  freshet  in  October,  1877.  Above  this  is  Bancroft's  cotton-mill,  with  a  stone  dam  170  feet 
long  and  11  feet  high,  a  race  of  a  quarter  of  a  mile,  and  230  horse-power,  with  a  fall  of  22  feet,  full  capacity  being 
secured  nearly  all  the  time.  Then  come  the  Dupont  powder-mills,  there  being  five  dams  in  succession,  the  entire 
fall  being  utilized.  The  dams  vary  in  length  from  100  to  125  feet  and  in  height  from  6  to  12  feet,  and  the  total  fall 
utilized  is  59  feet.  The  total  power  used  is  stated  at  about  500  horse-power,  which  can  be  secured  nearly  all  the 
time.  Besides  supplying  power  to  the  powder-mills,  these  dams  run  a  grist-mill,  four  cotton-  and  woolen-mills,  a 
wooden-keg  factory,  and  an  iron-kog  factory,  all  belonging  to  the  firm  of  E.  I.  Dupont,  De  Nemours,  &  Co.  It  is 
hardly  worth  while  to  particularize  further  regarding  the  mills  on  the  stream.  It  is  utilized  to  its  very  head  by 
paper-,  grist-,  and  woolen-mills,  iron-works,  etc.,  and  is  in  all  respects  an  excellent  stream  for  power.  Its  tributaries, 
too,  as  Buck  run  and  Doe  run,  are  well  utilized  by  mills  of  various  kinds,  and,  although  some  power  still  remains 
unused,  most  of  the  good  sites  are  occupied.  Between  Eockland  and  Chadd's  Ford  there  is  said  to  be  an  available 
fall  of  20  feet  on  the  main  stream  not  utilized ;  at  Smith's  bridge  another  fall  of  10  or  12  feet  is  said  to  be  available, 
where  there  was  once  a  paper-mill;  at  North  brook  there  is  said  to  be  7  or  8  feet,  formerly  used;  and  there  are 
other  similar  but  smaller  sites.  There  are,  however,  no  precipitous  falls,  the  declivity  of  the  stream  being  gradual, 
if  we  may  except  the  lower  few  miles.    The  table  on  pages  114  to  121  gives  the  utilized  power  on  the  stream. 

Between  Wilmington  and  Philadelphia  there  are  small  streams  similar  in  character  to  the  Brandywiue,  crossing 
the  fall-line  just  above  their  mouths,  and  utilized  to  a  considerable  extent  by  mills  of  various  kinds.  Such  are  Cobb's, 
Crum,  Derby,  Ridley,  and  Chester  creeks.  Derby  creek  drains  about  50  square  miles,  and  is  well  utilized  by  grist- 
and  saw-mills,  woolen-  and  cotton-mills,  and  others.  Cobb's  creek,  one  of  its  tributaries,  has  a  number  of  mills  of 
various  kinds.  Crum  creek  drains  about  38  square  miles,  and  Ridley  creek  about  the  same,  while  Chester  creek  is 
the  largest  of  all,  draining  70  square  miles.  On  Ridley  creek  and  Chester  creek  there  are  numerous  mills.  Many 
of  them  are  quite  large  and  use  principally  steam-power,  for  in  dry  weather  there  is  but  little  water-power  available. 
The  ponds  on  these  streams  are  often  large  eoough  to  hold  the  water  during  the  night,  even  in  winter  and  spring,  so 
that  considerable  power  is  obtained,  considering  the  small  size  of  the  streams.  The  falls  are  often  large  and  the 
dams  high.  It  may  be  said  that  almost  the  entire  power  of  these  streams  is  utilized,  for  no  good  sites  remain 
unoccupied,  and  the  mills  utilize  nearly  the  entire  flow,  some  of  them  having  wheels  of  sufficient  capacity  to  utilize* 
even  the  freshet-water. 

THE   SCHUYLKILL   EIVBE. 

The  Schuylkill  river  may  be  called  the  principal  affluent  of  the  Delaware.  Rising  in  Schuylkill  county, 
Pennsylvania,  it  pursues  a  southeasterly  course,  passing  through  Berks,  and  then  forming  the  boundary  between 
Montgomery  on  the  north  and  Chester  on  the  south,  to  flow  finally  through  a  part  of  Montgomery  and  through 
Philadelphia  to  join  the  Delaware  river.  It  flows  by  a  number  of  important  towns,  such  as  Pottsville,  Reading, 
Pottstown,  Phcenixville,  Norristown,  and  Conshohocken,  and  is  navigable  for  sea-going  vessels  only  up  to  Fairmount, 
a  distance  of  8.4  miles  from  its  mouth,  where  the  first  dam  is  built  across  the  river.  Above  that  point  it  is  navigable 
for  river  boats  as  far  as  Schuylkill  Haven,  the  navigation  being  controlled  by  the  Philadelphia  and  Reading 
Railroad  Company,  lessees  of  the  Schuylkill  Navigation  Company ;  and  it  was  at  one  time  navigable  as  far  as 
Mount  Carbon,  the  works  aboye  Schuylkill  Haven  having  been  abandoned  a  few  years  ago  on  account  of  the 
washing  in  of  waste  from  mines,  and  the  scarcity  of  water.  The  navigable  depth  at  low  water  is  24  feet  to  Girard 
point  (1  mile),  20  feet  to  Gibson's  wharf  (4.7  miles),  and  12  feet  to  Fairmount.  The  mean  rise  and  fall  of  the  tides 
is  6.1  feet.  The  drainage  area  of  the  stream  is  stated  difl'erently  by  different  authorities.  Mr.  H.  P.  M.  Birkinbine 
gives  it  as  1,942  square  miles,  and  Mr.  E.  P.  Smith,  chief  engineer  of  canals,  quotes  it  as  1,800  square  miles.  My 
own  measurement  gave  1,912  square  miles,  and  as  it  is  intermediate  between  the  other  two,  I  have  assumed  it 
correct.  A  table  giving  the  drainage  areas  above  certain  points,  as  well  as  those  of  the  most  important  tributaries 
of  the  stream,  is  given  on  pages  113  and  114. 
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The  heaji-waters  of  the  Schuylkill  are  hi  the  mouiitaiiious  coal-beariug  regions  of  Schuylkill  county,  but  after 
flowing  for  a  distance  of  25  or  30  miles,  receiving  large  accessions,  the  stream  enters  a  more  highly-cultivated 
country  and  the  slope  becomes  more  gentle..  The  following  table  will  show  the  fall  of  the  stream : 


Declivity  of  the  SclmylldU  river. 
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Fairm  onn  t '. 

Pawling's  dam 

Kissinger's  dam,  Eoading 

Blue  Mountain  dam,  Port  Clinton 

Dam  No.  11,  Landingville 

Dam  No.  7,  Scbuylkill  Haven 

Dam  No.  4,  below  Mount  Carbon. . 
Dam  No.  1,  Port  Carbon 


That  part  of  the  stream  above  Port  Carbon  has  a  still  greater  slope.  Although  the  figures  in  the  above  table, 
with  the  exception  of  the  elevations,  can  not  pretend  to  absolute  accuracy,  they  show  that  the  river  has  a  very  rapid 
fall.  As  already  mentioned,  the  stream  is  controlled  by  the  Reading  Eailroad  Company,  and  is  navigable  by  means 
of  locks,  dams,  and  canals  as  far  as  Schuylkill  Haven.  Between  this  point  and  the  mouth  there  are  24  dams,  and 
above  these  are  six  others,  not  now  used  for  navigation.     Statistics  of  these  dams  are  given  on'page  103. 

The  rainfall  over  the  basin  of  the  Schuylkill  is  about  45  inches,  of  which  12  fall  in  spring,  14  in  summer,  10 
in  autumn,  and  9  in  winter.  The  flow  of  the  stream  is  not  so  variable  as  that  of  most  streams  of  like  size  in  this 
part  of  the  country,  probably  on  account  of  the  favorable  distribution  of  the  rainfall,  the  numerous  artificial 
reservoirs  in  the  shape  of  the  pools  of  the  canal-dams,  and  the  numberless  mill-ponds  on  the  tributary  streams. 
There  are  no  lakes  of  any  consequence  in  the  basin,  but  there  are  three  artificial  reservoirs,  constructed  for  the 
benefit  of  the  navigation,  .as  follows :(«) 

Silver  Creelc  reservoir,  on  the  Broad  mountain,  9  miles  from  Pottsville,  1,500  feet  above  tide-water:  Length  of 
mound  at  top,  1,157  feet;  maximum  height  of  mound  dam,  42  feet;  -depth  of  water  on  outlet-pipes,  37  feet;  ponds,  58 
acres;  contents,  42,780,500  cubic  leet;  drainage  area,  1.275  square  miles. 

First,  or  Lower  Tumbling  Run,  reservoir,  near  Mount  Carbon:  Above  tide,  647.54  feet;  length  of  mound,  418 
feet;  maximum  height  of  mound,  47  feet  6  inches;  depth  of  water  on  pipes,  41  feet  6.  inches;  ponds,  25.57  acres; 
contents,  25,546,512  cubic  feet. 

Second,  or  Upper  Tumbling  Bun,  reservoir :  Above  tide,  694.25  feet;  length  of  mound,  540feet;  maximum  height 
of  mound,  63  feet;  depth  of  water  on  pipes,  57  feet;  ponds,  31.45  acres;  contents,  39,850,612  cubic  feet;  drainage 
area,  6  square  miles. 

These  reservoirs  can  be  filled  twice  each  season  from  the  rainfall  on  the  drainage  area.  They  are  of  use 
only  to  supply  the  upper  part  of  the  navigation,  and  of  no  use  for  supplying  the  mills  near  Philadelphia,  the 
distance  being  about  100  miles.  The  Pottsville  Water  Company  has  also  two  storage  reservoirs,  the  higher  and 
larger  on  Eisenhuth's  run,  1,700  feet  above  tide,  with  a  capacity  of  52,000,000  cubic  feet.  In  regard  to  the  actual 
flow  of  the  stream  no  continuous  measurements  have  been  made,  but  the  minimum  flow  has  been  estimated  several 
times,  as  follows : 

In  1816  measurements  were  made  by  a  committee  of  the  Schuylkill  Navigation  Company,  at  a  time  when  the 
river  was  said  to  be  as  low  as  at  any  previous  period  for  twenty  years,  giving  a  flow  of  771  cubic  feet  per  second. 
About  1825  it  was  estimated  at  680  cubic  feet  per  second.  In  1867  it  was  stated  at  617  cubic  feet  per  second.  In 
1874  the  flow  was  measured  by  Edwin  F.  Smith,  civil  engineer,  now  chief  engineer  of  canals,  by  gauging  the 
water  used  by  the  mills  at  Manayunk,  and  adding  to  the  quantity  so  found  the  amount  consumed  in  lockage  and 
the  estimated  leakage.  He  gave  the  minimum  flow  as  about  380  cubic  feet  per  second.  In  the  report  of  the  chief 
engineer  of  the  Philadelphia  water- works  for  1876  it  is  stated  that  the  flow  of  the  Schuylkill  in  the  summer  of  that 
year,  as  calculated  from  the  amount  used  by  the  wheels,  pumps,  and  locks,  averaged  230,788,838  gallons  per  day 
for  a  period  of  45  days.  In  1878,  Mr.  H.  P.  M.  Birkinbine,  formerly  chief  engineer  of  the  Philadelphia  water-works, 
stated  that  he  had  estimated  the  minimum  flow  at  310  cubic  feet  per  second,  by  adding  together  the  amount 
pumi)ed  at  Fairinount,  the  amount  used  to  run  the  wheels,  the  lockage,  and  the  estimated  leakage.  In  1880,  Mr. 
Charles  G.  Darrach,  civil  engineer,  gave  the  approximate  figures  which  we  have  quoted  on  page  10. 


a  For  these  figures,  as  -n-ell  as  many  others  relating  to  the  Schuylkill  river,  I  have  to  thank  Mr.  E.  F.  Smith,  of  Reading,  chief 
jiufcr  of  canals,  Reading  Railroad  Company. 
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The  freshets  on  the  stream,  notwithstanding  the  considerable  storage,  are  quite  severe,  and  seem  to  have 
been  gradually  increasing  in  violence.  Since  the  completion  of  the  Fairmount  dam,  in  1821,  the  overfall  of  which 
is  oblique,  with  a  length  of  1,112  feet,  the  water  rose  once  to  a  height  of  11  feet  5  inches  on  the  dam,  and  it  has 
several  times  reached  a  height  of  10  feet.  The  increase  in  the  violence  of  the  freshets,  and  the  decrease  in  the 
minimum  flow  which  would  seem  to  be  indicated  by  the  measurements  which  have  just  been  referred  to,  are  due, 
without  doubt,  principally  to  the  destruction  of  the  forests  on  the  drainage  basin. 

In  connection  with  the  problem  of  the  future  water-supply  of  Philadelphia,  the  question  of  increasing  the 
minimum  flow  of  the  river  by  the  construction  of  artificial  reservoirs  has  several  times  presented  itself,  and  Mr. 
James  F.  Smith  has  proposed  for  the  purpose  "to  build,  in  the  valley  of  the  Schuylkill,  14  new  dams  and  3  new 
reservoirs,  and  also  to  use  8  of  the  dams  and  the  water  of  the  existing  navigation  above  the  Blue  mountain,  as 
well  as  the  waters  of  the  present  reservoirs  at  Tumbling  run  and  Silver  creek",  affording  a  total  storage  capacity 
of  about  614,337,000  cubic  feet,  or  sufficient  to  add  about  230  cubic  feet  per  second  to  the  flow  of  the  stream  during 
30  days,  supposing  the  reservoirs  to  be  filled  awl  emptied  but  once.  The  cost  of  this  plan  is  not  known,  but  it  is 
considered  that  if  applied  to  pumping  water  by  water-power,  the  plan  would  be  more  expensive  than  pumping  by 
steam,  so  that  it  is  not  favorably  regarded  as  a  means  of  increasing  the  water-supply  of  Philadelphia;  and  it  seems 
scarcely  probable  that  it  would  pay  as  a  means  of  creating  water-power  to  be  used  in  manufacturing.  The  valley 
of  the  Schuylkill,  however,  may  be  said  to  be  favorable  for  reservoirs,  and  a  large  amount  of  storage  could  be 
secured  if  desired.  A  reservoir  has  been  proposed  on  Perkiomen  creek  (a  tributary  emptying  3  or  4  miles  below 
Phcenixville)  for  the  purpose  of  increasing  the  water-supply  of  Philadelphia;  and  it  is  stated  that  a  dam  70  feet 
high  would  flood  2,000  acres,  affording  a  storage  capacity  of  over  20,000,000,000  gallons.  This  would  suffice  to 
double  the  minimum  flow  of  the  Schuylkill  for  a  period  of  80  days.  Its  cost  is  stated  at  $800,000.  All  plans  for 
extensive  storage  must  of  necessity  be  expensive,  and  it  is  not  probable  that  they  will  be  resorted  to  as  a  means 
of  increasing  water-power  alone. 

The  first  power  on  the  Schuylkill  is  at  the  Fairmount  dam,  where  power  is  used  by  the  city  water- works  for 
pumping  water  into  the  reservoirs.  The  dam  was  originally  built  between  April  19,  1819,  and  July  25,  1821,  by 
Ariel  Cooley,  of  Chicopee,  Massachusetts,  and  the  cost  of  dam,  locks,  head-race,  etc.,  was  $150,000.  The  river  is  about 
900  feet  wide,  and  the  bed,  for  a  quarter  of  the  width,  on  the  east  side,was  rock  covered  with  11  feet  of  mud,  while 
for  the  remainder  of  the  width  it  was  rock  at  a  maximum  depth  of  30  feet,  and  bare  at  low  water  on  the  west  side. 
From  the  east  side  a  mound  dam  270  feet  long  and  15  feet  above  the  overfall,  built  of  earth,  quarry  spawls,  and 
stone,  was  carried  diagonally  up  stream,  terminating  in  a  strong  pier  of  timber  filled  with  stone.  At  this  point 
the  bottom  is  mud,  30  feet  below  low  water.  From  this  point  the  overfall  was  carried  diagonally  up  stream, 
and  was  1,204  feet  in  length,  terminated  on  the  west  by  a  pier  and  guard-locks,  from  which  the  canal  extends  569 
feet  down  stream,  to  two  outlet-locks.  The  overfall  was  built  of  crib-work  founded  on  the  rock.  In  some  places  the 
structure  of  the  dam  is  over  30  feet  high,  while  on  the  west  the  foundation  is  bare  at  low  tide  and  the  height  of 
the  dam  is  less  than  9  feet.  The  timber  cribs  of  which  this  original  dam  was  built  soon  became  decayed  above 
low  water,  and  were  rebuilt  from  that  point  in  1842-'43.  In  1865-'66  a  new  crib  was  sunk  in  front  of  and  against 
the  old  dam  for  a  distance  of  450  feet,  across  the  deep  water,  to  secure  the  foundations.  This  crib  extended  30 
feet  in  front  of  the  old  dam,  and  after  being  filled  with  stone  it  was  decked  with  white-oak  timber  10  inches  thick. 
It  extended  only  up  to  low  water,  and  was  finished  in  1867,  having  cost  $41,271  29.  A  new  dam  was  begun 
June  1,  1872,  immediately  in  front  of  the  old  one,  founded  on  the  rock  at  the  west  end,  and,  at  the  east,  on  the 
cribs  sunk  in  1865.  Additional  cribs  were  also  sunk  in  front  of  those  of  1865,  to  strengthen  them.  The  length  of 
overfall  is  now  1,112  feet,  and  the  entire  length  of  dam  1,600  feet,  including  overfall,  mound-dam,  arches  of  forebay 
(104  feet),  and  piers  (22  feet).  The  race  leading  to  the  wheels  is  about  250  feet  long,  90  feet  wide,  and  6  fee.t  deep 
below  the  crest  of  the  dam.  The  fall  from  the  top  of  the  flash-boards  is  8.7  feet  at  high  tide,  16.37  feet  at  low 
tide,  and  12.53  feet  at  mean  tide.  The  comb  of  the  old  dam,  below  which  the  water  can  not  legally  be  drawn,  is 
22  inches  below  the  flash-boards.  The  power  is  used  to  drive  7  turbine  wheels  and  1  breast-wheel,  with  which  the 
pumps  are  connected,  and  the  water  is  pumped  into  two  reservoirs — the  Fairmount  reservoir,  87.58  feet  above  the 
flash-boards,  and  the  Corinthian  reservoir,  113.58  feet  above  the  same  level.  The  amount  of  power  used  varies 
greatly  according  to  the  season.  The  full  capacity  of  the  pumps  is  stated  at  36,000,000  gallons  per  day,(a)  which, 
with  an  average  lift  of  110  feet,  including  friction,  corresponds  to  a  power  of  693  horse-power.  The  full  capacity 
of  the  wheels  is  stated  at  966  net  or  effective  horse-power.  This  power,  however,  can  be  obtained  during  only  a  small 
portion  of  the  year,  the  lack  of  power  being  principally  due  to  low  flow,  the  trouble  from  freshets  being  slight.  In 
1879  the  average  pumpage  during  12  consecutive  days  during  the  low  season  was  only  8,000,000  gallons  per  day, 
corresponding,  with  a  lift  of  110  feet,  to  154  horse-power  in  the  pumps,  and  about  192  in  the  wheels.(6)  The  pumpage 
pj  water-power  in  this  year  was  less  than  in  any  year  since  1865,  and  the  daily  average  was  only  19,950,213  gallons, 
while  during  the  months  of  October  and  November  it  was  only  9,357,842  gallons.    There  were  but  89  days  in  this 

a  Beport  of  the  Chief  Engineer,  1879.  I  am  indebted  to  Mr.  Charles  G.  Darrach,  principal  assistant  engineer  of  the  -water  department, 
for  much  valuable  information,  and  for  reports,  etc. 

b  In  the  report  of  18*9  it  is  stated  that  to  "increase  this  minimum  to  an  average  of  18,000,000  gallons,  by  building  impounding 
reservoirs  at  the  head-waters,  will  cost  not  less  than  |500,000". 
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year  on  which  water  flowed  over  the  flash-boards.  Some  idea  of  the  proportion  of  the  total  power  used  in  different 
months  will  be  obtained  from  the  following  statement,  taken  from  the  report  for  1879,  showing  the  average  number 
of  gallons  pumped  per  day  for  each  month  in  that  year :  January,  23,602,706 ;  February,  23,311,722 ;  March, 
24,913,564;  April,  25,199,519;  May,  29,519,156;  June,  22,919,996;  July,  12,630,113;  August,  18,873,656;  September, 
15,570,215;  October,  9,198,624;  November,  9,517,060 ;  December,  24,146,228. 

It  is  evident  from  the  above  that  nearly  all  the  available  power  at  Fairmount  is  utilized.  Although  a 
considerable  quantity  of  water  flows  over  the  flash-boards,  it  could  not  be  saved  except  by  reservoirs  at  the 
head- waters,  or  by  increasing  the  capacity  of  the  wheels  and  pumps,  which  is  already  much  in  excess  of  the  power 
available  in  dry  seasons.  It  is  hardly  worth  while  to  attempt  to  make  an  estimate  of  the  power  available  in 
•different  months,  for  the  whole  question  of  the  power  at  Fairmount  is  intimately  connected  with  that  of  the  water- 
supply  of  the  city  and  with  the  navigation  on  the  stream.  It  is  suflicient  to  say  that  into  the  Fairmount  pool  is 
•discharged  the  total  flow  of  the  river,  amounting  to  245,000,000  gallons,  or  thereabout,  when  at  its  minimum,  and 
that'this  flow  is  used  for  the  supply  of  the  city,  for  driving  the  water-power  pumps,  and  for  lockage.  With  the 
exception  of  a  small  amount  obtained  from  the  Delaware  river,  the  entire  water-supply  of  Philadelphia  is  drawn 
from  the  Schuylkill.  Allowing  nothing  for  contingencies,  the  total  capacity  of  the  i)umping  machinery  was,  in  1879, 
about  113,000,000  gallons  per  day,  of  which  30,000,000  were  by  water-power.  When  the  consumption  is  greatest, 
however,  only  about  (iO,000,000  gallons  are  so  available.  The  average  maximum  daily  consumption  in  1879,  for 
periods  of  a  week  each,  was  about  60,000,000  gallons,  and  the  daily  average  for  the  year  about  48,000,000  gallons. 
What  water  remains  above  that  necessary  for  the  city  may  be  applied  to  pumping  by  water-power  and  to  lockages. 
The  quantity  required  for  the  latter  purpose  is  not  large,  the  lockage  and  leakage  being  estimated  by  the  commission 
of  engineers  appointed  in  1875  at  7,000,000  gallons  per  day.  Although  at  some  seasons  considerable  additional 
water-power  is  available,  yet  when  we  remember  that  in  1879,  duringa  period  of  seven  months,  water  ran  over  the 
flash-boards  only  sixteen  days,  it  will  be  evident  that  the  additional  power  which  could  be  secured  would  not  be 
available  during  many  months.  It  is  said,  however,  that  the  present  turbines  are  defective,  and  that  by  putting 
in  more  efficient  ones  the  power  might  be  considerably  increased.  Their  efficiency  is  said  to  be  but  60  per  cent. 
The  commission  of  engineers  of  1875  recommended  the  improvement  of  the  old  wheels,  and  the  construction  of 
two  new  ones,  one  to  replace  the  breast-wheel. 

The  power  on  the  Schuylkill  above  Fairmount  is  controlled  by  the  Eeading  Eailroad  Company,  and,  as  has 
-already  been  mentioned,  there  are  a  number  of  canal  dams  on  the  stream,  statistics  of  which  are  given  in  the 
■following  table : 

Lengths  and  dimensions  of  dams  on  the  Schuylliill  river. 


So. 


Locality. 


Monnt  Carbon 

Port  Carbon  

Second  Mountain 

Above  Schuylkill  Haven. 

Schnylkill  Haven 

Below  Schnylkill  Haven. . 


Landingvllle 

...do 

Anbnm 

...do 

Above  Port  Clinton 

...do 

Blue  Monntain 

...do 

Leesport 

Above  Heading 

....do 

....do 

Beading 

Below  Beading 

...do 

Limerick 

PhoenixviUe 

Pawling 

Port  Kennedy 

If  orristown 

Consbohocken  

Manaynnk 

fairmonnt  (Philadelphia). 


Height  of 
fall. 


Feet. 


10.00 


6.50 

7.30 

6.40 

17.52 

15.00 

24.90 

4.83 

8.50 

14.81 

8.37 

a  71 

14.00 

7.02 

18.80 

6.50 

8.40 

4.30 

4.83 

9.00 

7.75 

16.75 

13.00 


Length  of 
overfall. 


Length  of 
pool. 


Feet. 


Feet. 


351 
251 


270 
295 
348 
128 
243 
265 
434 
476 
242 
451 
425 
317 
296 
325 
423 
342 
376 
329 
495 
898 
527 
523 
1,200 


12,540 

5,280 

8,527 

3,800 

5,280 

19, 120 

9,240 

6,072 

5,914 

13, 490 

13,  041 

10,  348 

18, 770 

9,979 

20,  929 

17,  635 

14, 757 

23, 100 

30,  993 


Width  of 
pool 


Feet. 


203 
205 
290 
230 
240 
280 
380 
300 
300 
430 
375 
430 
425 
430 
450 
685 
510 
485 
600 


Area 
ponded. 


Acres. 


58. 438 

14.543 

56.  768 

20.  006 

29.  090 

122.  900 

80.606 

41.  818 

40.  730 

133. 166 

112.  267 

102. 149 

184.445 

98.507 

216.  208 

269.  221 

172.  774 

257. 197 

426.  900 


Kcmarks. 


Abandoned. 
Abandoned. 

]  Not  used  for  nav- 

I     igation  —  filled 

I     np  with  sand 

and  d£bri«. 


Small  pools — not 
mnch  larger 
than  the  canals. 
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It  has  several  times  been  proposed  to  increase  the  water-power  at  Fairmount,  and  several  methods  have  been 
advanced:  First  (and  this  method  is  said  to  be  followed  as  far  as  praoticable),  to  run  the  wheels  daring  low  tide, 
when  the  fall  is  great,  drawing  down  the  water  in  the  pond.  The  storage  available  is  a  depth  of  22  inches  over  a 
pond  covering  some  480  acres,  giving  nearly  40,000,000  cubic  feet,  or  enough  to  store  the  minimum  flow  for  over  24 
hours,  and  thus  allowing  the  power  to  be  considerably  increased.  Second,  by  storage  reservoirs;  but  this  plan  is 
so  expensive  that  it  does  not  And  much  favor.  Third,  by  raising  the  Fairmount  dam.  It  is  said  that  the  dam 
could  be  raised  4  feet,  increasing  the  power  36  per  cent. 

The  drainage  area  above  Fairmount  is  about  1,880  square  miles,  according  to  my  measurement.  The  rainfall 
is  as  stated  on  page  9.    Mr.  Darrach's  figures  regarding  flow  are  given  on  page  10. 

At  some  of  these  dams  and  along  the  canal  at  various  points  a  certain  amount  of  power  is  available,  and  a 
considerable  quantity  is  now  rented  by  the  company,  the  lenting  of  power,  however,  being  Incidental  and 
subservient  to  the  boating  interests.  The  charter  of  the  Schuylkill  Navigation  Company  does  not  allow  water, 
power  to  be  sold  or  leased  except  out  of  the  surplus  water  of  the  river  after  the  navigation  is  fully  supplied. 
The  company,  therefore,  does  not  guarantee  steady  power,  renting  only  the  surplus  water  beyond  what  is  needed  for 
navigation ;  but  the  quantity  leased  is  so  regulated  that  a  steady  power  can  be  maintained.  The  following  table 
gives  the  statistics  of  power  at  present  used  on  the  stream  : 

* 
Water -powers  along  the  Schuylkill  river. 


No. 


Name  and  kind  of  mUl. 


Location. 


u  a 

a  a 

a  oi  Es 

p  V  cS 

0rs  > 


13  ® 


I 


5 


>,«  3 
.■sS,! 
a  g  ^ 


Is 

II 


I 


.& 
< 


Heft  &  Ogle,  Dexter    cotton-mills   and 
dye-worlts 

A.  Campbell  Mannfaottiring  Company, 
cotton  


McDowell  paper-mill . 


Manaynnk. 

...do 

...do 


Eoliert  Patterson  &  Co.,  cotton  . 


.do. 


Eagle  mill,  cotton  and  woolen 

James  B.  Winpenny,  cotton 

Wabash  mills,  cotton  and  woolen 

tTosepb  Stelwagon's  Sons,  brown  roofing- 
paper. 

Thomas  Schofield,  woolen 

John  &  Jamee  Dobeon,  carpet 

Martin  &  William  H.  Nixon,  paper 

American  Wood  Paper  Company 


...do. 
...do  . 
...do. 
...do. 


do. 
..do. 
..do. 
..do. 


J.  Wood  &  Brother,  rolling-mill  . 

Hamilton  Maxwell,  cotton 

Wyoming  mill,  cotton  {d) 

C.  Heebner,  fionr-miUs  (d) 

Bridgeport  flonr-mill  («) 


Gonshohocken 

...  do    

Norristown 

...do 

Bridgeport. 


.150 
i  10 
.380 

Uio 

f  100 
(650 

2,556 

100 
575 
100 
142 

300 
C256.7 
1,692 
1,897 

1,932 
1,009 


$150  00 
Free. 
1, 218  74 
3, 660  00 
313  12 
4, 875  00 

11, 130  34 

SOO  00 
3, 300  00 

373  87 
1,  050  00 

1,  882  00 

915  00 

8, 194  00 

10,  060  00 

1, 600  28 
639  00 


•Overshot  .-. 

Turbine 

Overshot  -.. 

'Tnrbine 

■3  turbines. . . 

!l  turbine 

Overshot  . . . 
2overshots.. 
Overshot  ... 
...do , 


18  feet  6  inches. 


48-inch  Leffel.... 
16  feet  11  inches  . 


4.329 
\  3. 833 


21. 40 


52-inch  Jonval. 

48inch  Leffel . . 
20-inch  Leffel . . 

18  feet 

18  feet 

18  feet 

17  feet 


1- 


21.80 


20.80 


2  overshots 

1  overshot . 

2  turbines  . 

3  turbines.. 

2  turbines.. 


The  Phoenix  Iron  Company. 

Kriok'a  flour-mill  (e) 

Kemsvillo  flour-mill  (c) 

Orchard  flour- mill  (d) 


Phoenixvillo  . 

Reading 

Kernsville . . . 
PottsviUo 


400 


808  00 


400  00 
626  00 


2  turbines.. 

1  turbine... 

3  turbines.. 

2  turbines  - 
2  turbines.. 


17  feet 

16  feet 

40- and  48-inoh  Leffel 

35-,  40-,  and  48-inch 
Leffel. 

54-incli  Leffel 

58-inch  Leffel 

56-  and  96-inoh  Leffel 

30-inch  Leffel 

2  40-  and  1  43-inoh 
Leffel. 

48-inch  Parker 

42-inch  Parker 


3.540 
3.681 
3.909 
4.583 

3.384 
2.704 


1  pitchback 


3.000 


19.40 
19.00 

7.75 
7.75 
9.00 
9.00 
9.00 

9.00 

6.00 

11.00 

9.00 


804.79 

4, 010. 00 
3, 282.  00 

3,  037.  50 

11,  918. 82 

462.  52 

2, 286. 36 

488.64 

711. 12 

1,376.82 

983. 88 

6, 855. 17 

8,  578.  00 

7,  223.  00 
3,  788.  00 


3, 174. 60 


3, 686.  95 
1,282.66 
2, 010. 00 


20.90 

123. 40 
75.20 


354.  70 

11.10 
55.09 
11.85 
16.64 

31.24 

20.59 

192.  09 

230.  90 

79.29 
41.58 
200.  00 
30.00 
40.47 

49.00 
31.30 
19.98 
25.60 


60 
530 

125 


75 


60' 


300- 
200 


a  Power  not  measured  by  dynamometer.  6  810  extra.  c  70  inches  free.  d  Those  water-rights  are  owned  by  the  mill-owners, 

e  These  mills  are  owned  by  the  Philadelphia  and  Heading  Eailroad  Company.    The  rent  includes  the  power. 

The  company  leases  power  by  the  square  inch  of  aperture  under  a  head  of  3  feet,  measured  from  the  center  of 
the  aperture  to  the  datum  surface  of  the  caual.    (The  water  is  kept  several  inches  above  datum.) 

Standard  apertures  are  of  cast  iron,  with  edges  not  exceeding  1  inch  in  thickness,  without  ajutage.  lu  computing  discharge  of 
water  a  coefficient  of  0.70  is  allowed,  and  a  discharge  per  square  inch  of  4.05  cubic  feet  per  minute.  The  prices  charged  for  water-power 
are  as  follows:  To  mills  using  power  10  hours  per  day,  $6  per  square  inch  per  annum;  to  paper-mills  runuing  full  time  (24  hours),  |7  50 
per  square  inch  per  annum. 

Only  one  instance  has  occurred  when  there  has  been  any  lost  time  on  account  of  a  scarcity  of  water,  and  that  was  in  the  year  1880. 
The  cotton-mill.s  lost  a  total  of  96  honrs'  time  in  July,  August,  September,  October,  and  November;  and  the  paper-mills  Qi  hours  of  day 
runs  and  39  nights  during  the  same  period.  Changes  have  been  made  since  December,  1880,  that  will  obviate  any  loss  of  time  by  the 
622 
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mills  in  future.  In  routing  power  io  mills  using  turbine  wlioeis  tlio  gauging  is  iloiio  tbo  same  as  at  Lowol],  Maasaoliusc.tis,  and  tbo 
discharge  per  minute  divided  by  4.05  gives  tbe  number  of  square  incbcs  under  a  3G-ineh  bead.  Turbine  -wbeols  arc  run  under  tbc  full 
head  and  fall  ■without  the  intervention  of  an  aperture  and  gate. (a) 

Between  Norristown  and  the  mouth  of  Perkiomen  creek  there  are  two  canal  da,ms,  but  the  tails  arc  too  low  to  be 
available  for  power,  and  the  locations  are  not  safe  from  floods.  Above  the  Perkiomen  there  is  surplus  water  enough 
only  for  the  small  mills,  Nos.  17, 18, 19,  and  20,  although  a  small  amount  of  water  is  always  wasting-  over  all  the  dams 
except  the  Norristown  and  Flat  Eock  dams,  where  flash-boards  are  used  so  as  to  save  all  the  water  in  dry  weather 
for  the  mills  and  navigation.  Very  little  power  is  used  directly  from  the  river,  /.  e.,  not  from  the  caual  or  the  canal 
dams.  Below  Beading  there  is  only  one  mill  so  supplied,  witli  a  iall  of  about  4.5  feet  and  15  horse- power,  and 
above  that  place  there  are  only  a  few  small  mills.  No  good  sites  tor  power  were  brought  to  my  notice.  Above 
Schuylkill  Haven  the  six  navigation  dams  which  have  been  abandoned  could  probably  be  used  for  power,  but  the 
stream  is  very  small;  besides,  the  ponds  are  full  to  overflowing  with  coal-dirt  and  sand  carried  down  by  the 
streams  on  which  the  collieries  are  situated,  in  the  Schuylkill  coal  regions.  On  the  head-waters  of  the  stream  in 
the  mountains  there  are  large  falls  available,  but  with  little  water. 

THE   TKIBUTAKIES   OP   THE   SCHUYLKILL   KIVEB. 

The  various  streams  flowing  into  the  Schuylkill  are  utilized  to  a  large  extent  by  mills  of  various  kinds,  but 
very  little  information  could  be  collected  regarding  them.  Mill  creek,  from  Montgomery  county,  diaius  about  9 
square  miles,  and  is  well  utilized.  Gulf  creek  drains  7.5,  East  Valley  creek  21,  Wissahickou  creek  78,  Plymouth 
creek  8,  and  Stony  creek  16  square  miles.  They  are  all  well  utilized,  their  slopes  are  gradual,  and  their  flow  is 
quite  variable.  The  main  tributary  of  the  Schuylkill  is  the  Perkiomen,  which  drains  about  345  square  miles, 
rising  in  Berks  county,  and  flowing  south  through  Montgomery,  joining  the  Schuylkill  3  miles  below  Phoenixville. 
The  main  stream,  with  its  tributaries,  runs  a  large  number  of  mills.  The  fall  does  not  seem  to  be  very  great, 
averaging  only  about  4  feet  per  mile  for  the  lower  11  miles.  The  declivity  is  gradual,  and  the  falls  at  the  mills  are 
not  large.  No  good  sites  not  occupied  were  mentioned,  though  there  are  probably  many  small  ones.  The  Perkiomen 
has  often  been  proposed  as  a  source  of  water-supply  for  Philadelphia,  and  about  11 J  miles  above  its  mouth  there  is 
said  to  be  an  excellent  site  for  a  reservoir,  where  a  dam  65  feet  high  would  back  up  over  6  miles  and  flood  over 
15,000  acres.  The  stream  drains  principally  a  trap  and  san.dstone  district,  and  nearly  one-third  of  the  entire 
drainage  area  is  wooded,  and  likely  to  continue  so. 

Valley  creek,  which  enters  from  the  south  4  miles  below  Phoenixville,  is  a  smaller  stream,  but  well  utilized, 
though  with  some  sites  unimproved.  The  stream  is  said  to  be  quite  uniiform  in  flow.  Pickering  creek,  French 
creek,  and  the  other  creeks  from  the  south  below  Beading  run  small  grist-mills  with  two  or  three  pairs  of  stones, 
which  can  run  at  full  capacity  only  six  or  eight  months,  and  are  sometimes  obliged  to  stop.  French  creek,  however, 
affords  power  for  the  Phoenix  Iron  Company  at  Phcenixville,  50  horse-power  in  all,  with  three  falls  (from  one  dam) 
of  12,  14,  and  16  feet,  respectively. 

Manatawny  creek,  entering  at  Pottstown  from  the  north,  has  considerable  fall  and  many  mills.  At  the  mouth 
is  a  flour-mill  with  a  fall  of  12  feet,  and  75  horse-power  during  eight  mouths.  There  are  several  forges  and 
rolling-mills  above,  one  at  Glasgow,  a  mile  above  Pottstown,  and  one  at  Pine  Iron  Works.  There  are  several 
unimproved  powers  on  this  stream,  formerly  used  by  forges;  one  at  Spring  forge,  near  Earlvjlle,  with  a  fall  of  18 
feet  or  over;  the  Spang  forge,  at  Spangville,  with  about  15  feet;  Snyder's  lower  forge,  in  Eoctland  township,  with 
20  feet;  Snyder's  upper  forge,  with  also  about  20  feet;  and  Lobach  forge,  near  Lobachville,  about  20  feet.  An 
abandoned  forge  is  also  mentioned  between  Pine  and  Glasgow,  with  a  fall  of  10  feet  or  more.  These  forges  are 
idle  on  account  of  lack  of  fuel  and  convenient  means  of  transportation,  the  timber  for  making  charcoal  having 
been  for  the  most  part  cut  down. 

Tulpehocken  creek,  which  enters  from  the  west,  opposite  Beading,  is  quite  a  large  stream,  draining  a  limestone 
region,  and,  with  its  tributaries,  quite  extensively  utilized.  It  is  followed  by  the  Union  canal  for  almost  its  entire 
length.  Eegarding  its  power  I  have  no  data  except  what  is  given  in  the  table  of  utilized  power.  The  same  may 
be  said  regarding  Maiden  creek.  On  the  Little  Schuylkill  there  are  a  number  of  small  grist-mills  in  the  mountain 
region,  and  near  its  head-waters  some  powder-mills.  The  powers  are  all  small.  A  mile  above  Port  Clinton  are 
Inness'  rolling-mills,  with  a  fall  of  12.5  feet,  and  110  horse-power  or  more  during  part  of  the  year,  there  being  no 
waste  in  dry  weather,  and  the  mill  running  twenty-two  hours. 

Generally  speaking,  it  may  be  said  that  most  of  the  good  sites  for  power  on  the  tributaries  of  the  Schuylkill 
are  occupied,  the  utilized  power  in  the  basin  being  very  large,  as  the  table  on  pages  114  to  121  shows. 

TEIBUTARIES  OP   THE  DELAWABE  BETWEEN   THE   SCHXJYLKCLL  AND  LEHIGH  RIVEKS. 

Proceeding  up  the  Delaware,  the  most  important  tributaries  from  Pennsylvania  between  the  Schuylkill  and  the 
Lehigh  are  the  Neshaminy  and  the  Tohickon,  small  streams  like  the  tributaries  of  the  Schuylkill,  quite  well 
utilized,  and  with  no  important  sites  not  occupied.    The  tributaries  below  Easton  from  New  Jersey,  too,  are, 

a  These  quotations  are  from  a  letter  from  Mr.  E.  F.  Smith,  chief  engineer  of  canals,  to  whom  I  am  much  indebted  for  valuable 

information  and  for  all  the  data  in  ihe  tables. 
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with  one  exception,  almost  valueless  for  power,  being  very  variable  in  flow,  and  almost  dry  in  the  summer.  The 
Musconetcong  river,  which  takes  its  rise  in  Morris  county,  near  the  souices  of  the  Earitan,  and  pursues  a 
southwesterly  course,  forming  the  boundary  line  between  Warren  county  on  the  north  and  Morris  and  Hunterdon 
counties  on  the  south,  flows  by  the  towns  of  Hackettstown  and  Bloomsbury,  and  drains  an  area  of  about  1.50 
square  miles,  comprising  a  narrow  limestone  valley  with  a  shallow  covering  of  drift.  Its  source  is  lake  Hopatcong, 
the  largest  lake  in  New  Jersey,  a  beautiful  sheet  of  water  on  the  summit  of  the  Highlands,  914  feet  above  meaji 
tide,(a)  and  covering  an  area  of  about  2,800  acres.  Its  original  area  was  1,500  acres,  but  it  was  raised  10  feet  to 
enable  it  to  serve  as  a  feeder  for  the  Morris  and  Essex  canal,  by  which  its  area  was  increased  by  1,300  acres.  Its 
storage  capacity  is  8,700,000,000  gallons,  and  the  canal  company  owns  the  right  to  control  its  flow,  with  the 
exception  of  a  small  portion  owned  by  a  mill  near  the  outlet.  The  flow  of  the  Musconetcong  river  is,  on  account 
of  this  lake  and  some  other  smaller  lakes  which  are  tributary  to  the  stream,  very  steady,  and  freshets  are  never 
violent.  The  bed  is  gravel  and  rock,  and  the  facilities  for  the  utilization  of  the  power  are  good.  The  fall  of  the 
stream  is  very  large,  its  elevation  at  its  mouth  being  about  126  feet,(&)  and  its  length  about  45  miles,  so  that  the 
slope  averages  15  feet  or  more  per  mile.  The  rainfall  in  this  region  of  the  state  is  about  48  inches — 12  in  spring, 
14  in  summer,  12  in  autumn,  and  10  in  winter — a  distribution  in  itself  favorable  for  constancy  of  flow.  No  data 
regarding  the  actual  flow,  however,  could  be  obtained,  except  such  as  may  be  inferred  from  the  data  regarding 
power.  The  first  mill  is  at  the  mouth  of  the  stream,  at  Eiegelsville,  where  a  fall  of  22  feet  is  used,  with  a  race 
three-quarters  of  a  mile  long  and  a  dam  6  feet  high,  to  drive  a  paper-  and  grist-mill,  using  in  all  about  150  horse- 
power, which,  however,  can  be  obtained  during  only  about  seven  months,  being  about  100  to  120  horse-power 
during  the  rest  of  the  time.  At  Finesville,  a  few  miles  above,  there  is  a  forge  and  knife  factory,  using  a  fall  of  8.5 
feet,  and  65  horse-power  all  the  year,  with  always  a  waste.  At  Hughesville,  the  paper-mill  of  the  Warren 
Manufacturing  Company  uses  a  fall  of  28  feet,  with  a  dam  20  feet  high,  and  250  horse-power  during  four  months. 
The  paper-mills  are  run  night  and  day,  and  steam  is  used  when  the  water  is  low.  At  Bloomsbury  several  mills 
are  run  from  one  dam,  with  a  fall  of  9  feet,  and  above  are  a  number  of  small  mills  of  various  kinds.  The  stream  is 
no  doubt  the  best  water-power  stream  emptying  into  the  Delaware  from  New  Jersey.  There  are  said  to  be  no  sites 
not  occupied,  except  one  below  Penville,  and  20  feet  just  above  the  dam  of  the  Warren  Manufacturing  Company. 
If,  however,  the  elevations  given  above  are  correct,  there  must  be  a  large  unimproved  fall,  although  there  may  be 
no  good  locations  not  occupied. 

The  next  tributary  of  the  Delaware  which  it  is  necessary  to  describe  is 


THE   LEHIGH   EIVEE. 

This  stream,  one  of  the  most  important  afftuents  of  the  Delaware,  rises  in  Wayne  and  Lackawanna  counties 
Pennsylvania,  and  pursues  a  roundabout  course,  first  in  a  southwesterly  direction,  then  south,  southeast,  and  finally 
east,  emptying  into  the  Delaware  at  Easton.  It  forms  first  the  boundary  line  between  Lackawanna  and  Luzerne 
counties  on  the  north,  and  Monroe  and  Carbon  on  the  south,  then  flows  through  the  latter  county  and  becomes  the 
boundary  between  Lehigh  and  Northampton  counties,  finally  flowing  through  parts  of  both  of  them  before  reaching 
its  mouth.  Its  length,  measured  along  the  stream,  is  not  far  from  100  miles,  while  in  a  straight  line  it  is  only 
about  45  miles  from  source  to  mouth.  The  stream  drains  a  total  area  of  about  1,330  square  miles,  and  in  its  course 
it  passes  a  number  of  cities  and  towns,  among  which  may  be  mentioned  Easton,  Glendon,  Bethlehem,  Allentown 
Hockendauqua,  Catasauqua,  Slatington,  Parry  ville,  Lehighton,  and  Mauch  Chunk.  It  is  controlled  by  the  Lehigh 
Coal  and  Navigation  Company,  and  by  means  of  locks,  dams,  and  canals  has  been  made  navigable  as  far  as 
Stoddartsville,  although  that  part  above  Mauch  Chunk  has  been  abandoned  for  a  number  of  years.  The  fall  of 
the  stream  is  shown  by  the  following  table: 

Declivity  of  the  Lehigh  river,  (c) 


Locality. 


Mouth 

Sethlehexn 

Slatington 

Lehighton 

Manch  Chunk,  below  dam 

Eight  miles  above  Maaoh  Chnnk 

Near  White  Haven 

Stoddartsville 


nistance 

from 
month. 


Miles. 
0 

12 

33 

42 
46 

54 
70 
83  ± 


Eleva^ 

tion  above 

tide. 


Feet. 
159^ 

205  I 

360^ 

450: 

504  I 
600  I 

1, 105  ; 

1,  457  ■ 


Dis- 
tance be- 
tween 
paints. 


I 


MUee. 

12 

21 

9 

4 

8 

16 

13  ± 


PaU 
between 
points. 


Feet 

46 
145 
100 

64 
186 
415 
352 


Fall  per 

mile 
between 
points. 


Feet. 

3.8 
6.9 
11.1 
13.5 
23.2 
25.9 
27.1 


a  Cook's  Geology  of  New  Jeraeij,  1SG8,  page  27. 

h  Cook's  Eepoit  of  Ike  Geological  Survey  <f  New  Jersey,  1880,  i)age  76. 

c  I'or  all  but  thn  last  of  tliese  elevations  I  haye  to  thank  Robert  H.  Sayre,  esq.,  superintendent  and  engineer  of  the  Lehigh  Valley 
Eailroajl  Conijiunv. 
r.'l 
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It  will  be  seen  that  the  stream  has  a  very  large  fall.  Desceudiug  rapidly  from -the  high  plateau  where  it  takes 
its  rise,  it  falls  at  the  rate  of  over  10  feet  per  mile  until  within  15  or  20  miles  of  its  mouth,  when  it  reaches  the 
rolling  farming  country  of  Lehigh  and  Northampton  counties,  where  its  slope  is  reduced  to  4  or  6  feet  per  mile. 

Regarding  the  flow  of  the  stream  I  could  obtain  no  data.  It  is  very  variable,  and  the  freshets  are  quite  sudden 
and  violent.  The  water  has  risen  to  a  height  of  11  feet  on  the  dam  (280  feet  long)  at  Mauch  Chunk.  There  are  no 
lakes  in  the  basin  except  a  few  very  small  ones  on  some  of  the  upper  tributaries,  of  uo  value  as  regulators  of  flow. 
Neither  are  there  any  artificial  reservoirs  except  mill-ponds  and  the  pouds  of  the  navigation  dams,  but  these  afford 
little  storage,  and  serve  no  purpose  as  regulators.  The  facilities  for  artificial  reservoirs  may  be  called  good,  I  think, 
and  storage  reservoirs  could  probably  be  built  on  many  of  the  tributaries;  tbough  on  the  main  stream  the  fall  is 
too  great.  The  rainfall  over  the  basin  is  about  43  inches — 11  in  spring,  14  in  summer,  10  in  autumn,  and  8  in 
winter.  This  distribution  is  about  the  same  as  on  the  valley  of  the  Schuylkill,  but  on  account  of  the  topography 
and  the  absence  of  reservoirs  I  believe  the  flow  of  the  Lehigh  will  be  found  to  be  the  more  variable.  The  bed  of 
the  stream  is  rock  for  almost  the  entire  distance,  sometimes  overlaid  with  a  thin  layer  of  drift,  but  often  at  the 
surface.  The  banks,  especially  in  the  upper  part,  are  rocky  and  high,  and  the  facilities  for  dams  are  of  the  very 
best.  In  some  places,  in  fact,  especi9,lly  between  Mauch  Chunk  and  White  Haven,  the  banks  are  so  high  and  bold 
that  the  valley  of  the  stream  is  simply  a  gorge,  and  there  is  no  place  for  mills  or  villages. 

There  is  very  little  power  used  from  the  Lehigh  except  what  is  taken  from  the  canal  or  the  canal  dams  on  lease 
from  the  canal  company.  As  in  the  case  of  the  Schuylkill,  the  company  controls  the  flow  of  the  stream,  so  that 
mills  using  power  directly  from  the  stream  are  liable  to  be  short  of  water  at  times.  The  canal  company,  however, 
leases  a  considerable  quantity  of  water  for  power,  as  the  table  below  shows.  Water  is  leased  by  the  square  inch 
under  a  head  of  3  feet,  measured  to  the  center  of  the  orifice,  the  price  paid  varying  from  $1  to  $4  per  square 
inch,  according  to  the  fall,  and  according  as  the  water  is  discharged  into  the  river  or  Into  a  lower  level  of  the  canal. 
The  water  used  by  mills  is  never  gauged  in  any  other  way  than  by  putting  in  an  orifice  of  a  certain  size.  Some 
mills,  which  discharge  into  lower  levels  of  the  canal,  have  the  right  to  all  the  surplus  or  feed  water,  but  the  table 
shows  that  most  of  the  mills  discharge  into  the  river.  The  mills  can  generally  run  at  full  capacity  nearly  all  the 
year.  There  is  trafBc  on  the  canal  only  from  April  1  to  December  15,  and  during  the  rest  of  the  year  water  is  let 
around  the  locks  to  supply  the  mills.  The  water  is  drawn  off  from  the  canal  for  from  two  to  four  days  each  year  for 
cleaning  and  repairs,  and  except  in  times  of  extreme  low  water  there  is  always  enough  water  to  supply  the  mills. 
In  case  of  interruption  of  the  supply  on  account  of  low  water,  extended  repairs,  etc.,  no  abatement  in  the  price  is 
allowed  to  mills  unless  the  interruption  is  for  thirty  days  or  over;  but  this  very  rarely  occurs. 

As  regards  power  available,  it  is  stated  that  a  large  quantity  can  still  be  supplied  by  the  company,  and  that 
there  are  numerous  points  along  the  river,  on  the  canal,  or  at  the  dams  where  power  could  be  leased  by  the  company. 

The  following  tables  give  the  statistics  of  power  and  dams : 

Water-poicer  used  from  the  canal  of  the  Lehigh  Goal  and  Navigation  Company. 


No. 


10 

11 

12 
13 
14 
15 
16 
17 
18 
19 


Name  and  kind  of  znilL 


Stewart's  wire-  and  rolling-mills. 
Maxwell  &  Palmer's  grist-mill — 

McKean  cfe  Co.  's  cotton-mill 

McKean  &  Co.'s  weaving-mill  — 

Ij'urnace  and  madiine-shop 

Glendon  iron-works 

Cement-mill  (o) 

Foundery  and  machine-sliop  (a) . . 

Barrel  factory 

Grist-mill 

G-rist-mill 

Furnace  and  rolllDg-mlll 

G-rist-mill 

Slate  factory 

Grist-mill 

Grist-mill  (6) 

Paint-mill 

Faint-mill  (o) 

Grist-mill  (c) 


a  Only  feed-water. 
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Location. 


Sontb  Easton 

...do 

.-..do 

.-..do 

....do  

Glendon 

Whitehall 

Bethlehem 

....do  

Allen  town 

Lower  Catasanqna. 

Catasanqna 

Lowry's 

Treichler's 

...do , 

Frenchtown 

Bowman's 

...do 

Laabach's 


Nomber 

of 
square 
inches. 


1,645 
100 
258 
687 

1,180 

1,600 
SOO 
140 
300 
460 
460 

1,000 
450 
180 
300 
450 
300 
400 
660 


Head 
and 
fall. 


Feet. 
21 
21 
21 
21 
21 
21 

8 

8 
12 
12 
12 

8 
13 
13 
13 

8 
16 
15 

6 


Discbarge 
to  river 
or  canal. 


Elver 
...do  . 
...do  . 
...do  . 
...do  . 
...do. 
Canal 
...do  . 
Eiver 
...do  . 
..do  . 
Canal 
Eiver 
...do. 
...do., 
Canal 
Eiver 
Canal 
Elver 


Approxi- 
mate quan- 
tity of 
water 
per  second. 


Cubic  feet 
94 

6 
16 
35 
72 
88 
30 

8 
18 
27 
27 
60 
27 
10 
18 
27 
18 
24 
33 


Approxl' 
mate  horse- 
power, 
gross. 


b  Only  eight  months  by  water. 


c  Water  pioonied  since  1881. 


225 
16 
38 
84 
172 
233 
27 
8 
25 
37 
37 
55 
40 
16 
27 
25 
31 
41 
22 


&i& 
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Dams  on  the  Lehigh  river  belonging  to  the  Lehigh  Coal  and  Navigation  Company. 


No. 


Locality. 


Daston 

G-lendon 

Allen  town 

Hockendanqna 

lowry's 

Above  TreioIiler!s 

LeLigli  gap 

Parryville 

Manch  Chunk 

Above  Mancli  Ghnnk  (a) 

Hickory  mn  (a) 

Tannery  (a) 

Bridgeport  (a) 

White  Haven  (a) 


Height 
offaU. 


Feet. 
16 
12 
10 

6 
13 
14 

6 
12 
12 
19 
28 


Length. 


Feet. 
340 
700 
500 
550 
450 
480 
500 
480 
280 
380 
190 
306 
293 
375 


Approxi- 
mate 

length  of 
pool. 


Feet. 

10,  000 

15, 600 

6,000 

5,200 

10,  000 

15,  600 

5,200 

4,000 

4,000 

6,200 

10, 000 

5,200 

4,000 

4,000 


Approxi- 
mate 

■width  of 
pool. 


Feet. 
400 
800 
500 
400 
400 
500 
500 
600 
300 
400 
400 
400 
450 
460 


Approxi- 
mate 
area  of 
pooL 


Aerei. 
92 

289 
69 
48 
92 

178 
60 
46 
27 
48 
92 
48 
41 
41 


a  Abandoned. 

These  dams  are  all  substantial  structures  of  «rib-work  filled  in  with  stone.  They  are  generally  60  feet  wide 
up  an^.  down  stream,  on  rock  foundation,  and  to  build  theni  now  would  cost  from  $20,000  to  $35,000  apiece.  Those 
above  Mauch  Chunk  are  built  with  a  partly-sloping  face.  The  canal  is  60  feet  wide  at  top,  40  feet  at  bottom,  and 
6  feet  deep. 

Below  Mauch  Chunk  there  are  only  a  few  small  mills  using  power  directly  from  the  river,  with  wing-dams. 
Details  regarding  them  are  unnecessary.  Above  Mauch  Chunk  the  navigation  works  have  been  abandoned,  but  the 
dams  are  still  in  existence  and  in  quite  good  condition.  Between  Mauch  Chunk  and  White  Haven  the  river  flows 
through  a  narrow  gorge,  closely  followed  by  the  Lehigh  Valley  and  the  jS'ew  Jersey  Central  railroads;  and  although 
the  fall  is  very  large,  and  the  theoretical  power  also,  but  little  is  practically  available,  on  account  of  the  contracted 
situation  and  the  lack  of  building-room.  There  are  a  few  places,  however,  where  dams  might  be  located  and  power 
obtained,  and  at  the  already  existing  dams  belonging  to  the  company  a  considerably  greater  amount  of  power 
could  be  used  than  is  used  at  present.  Packer's  dam,  the  first  above  Mauch  Chunk,  is  entirely  unemployed;  and 
the  same  is  true  of  Hickory  Eun  dam.  The  Tannery  dam  is  used  by  one  saw-mill,  the  Bridgeport  dam  by  a  saw- 
mill, and  the  White  Haven  dam  by  two  saw-mills  and  a  foundery.  All  the  mills  below  White  Haven,  as  well  as 
those  below  Mauch  Chunk,  pay  rent  to  the  company  for  their  power.  Above  White  Haven,  although  the  stream 
offers  consi  derable  available  power,  there  are  only  a  few  small  saw -mills  and  a  tannery. 

THE  TBIBUTAEIES  OF  THE  LEHIGH  RIVER. 

The  table  on  page  113  gives  the  drainage  areas  of  the  principal  tributaries  of  the  Lehigh.  They  are  all  small 
streams,  and  I  learned  of  no  peculiarities  regarding  their  power.  They  have  a  large  fall,  a  gradual  descent,  and 
are  utilized  to  a  considerable  extent.  Their  flow  is  variable,  but  not  more  nor  less  than  that  of  other  streams  in 
eastern  Pennsylvania.  The  valley  "of  the  Lehigh  is  the  seat  of  considerable  manufacturing,  the  principal  industry 
being  that  of  iron-working,  but  considerable  steam-power  is  used  in  preference  to  water-power. 

The  tributaries  above  White  Haven  are  utilized  only  by  saw-mills  and  tanneries.  Bear  creek,  which  enters  8 
miles  above  that  place,  is  said  to  have  a  very  rapid  fall  and  some  cataracts ;  but  it  is  now  utilized  only  for  driving 
logs.  Tobyhanna  creek  is  a  similar  stream  with  several  falls.  On  several  of  the  small  streams  in  this  vicinity 
there  are  "  splash-dams",  such  as  have  been  noticed  on  the  West  branch  of  the  Susquehanna,  but  none  of  the  ponds 
are  very  extensive.  The  tributaries  between  White  Haven  and  Mauch  Chunk  are  small  streams,  little  utilized, 
but  with  large  faUs.  The  powers  are  small  and  the  facilities  for  buil.ding  are  often  poor.  In  view  of  the  cheapness 
of  steam-power  in  this  coal-producing  region,  and  its  convenience,  they  will  scarcely  be  soon  utilized. 

The  tributaries  below  Mauch  Chunk  are  more  important  and  better  utilized,  although  on  all  of  them  there  are 
numerous  sites  not  occupied.  The  most  important  of  these  streams  is  the  Little  Lehigh,  which  enters  at  AUentown. 
It  drains  a  limestone  region,  and  its  flow  is  said  to  be  quite  constant.  Its  basin  is  hilly,  its  banks  high,  and  on  the 
stream  and  its  tributaries  there  are  gristmills,  as  well  as  mills  of  other  kinds.  It  is  an  excellent  stream  for  power, 
and,  although  the  best  sites  are  probably  occupied,  there  are  numerous  others  which  could  be  developed.  The 
grist-mills  have  generally  2  to  4  pairs  of  stones  and  run  at  full  capacity  during  eight  or  nine  months.  The  city  of 
AUentown  pumps  its  water-supply,  which  is  obtained  from  a  spring,  by  means  of  water-power  obtained  from  the 
Little  Lehigh,  with  a  fall  of  6  or  8  feet.  Monocacy  creek,  which  enters  the  Lehigh  at  Bethlehem,  is  a  similar  stream, 
but  not  so  constant.  It  runs  a  number  of  gristmills. 
626 
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Ascending  the  Delaware  from  the  mouth  of  the  Lehigh,  the  first  stream  we  meet  is  Bushkill  creek,  emptying 
less  than  a  mile  above  the  Lehigh.  It  is  a  small  stream  rising  in  Northampton  county,  but  it  descends  from  the 
Blue  mountains  with  a  very  rapid  fall  over  a  rocky  bed,  and  is  in  all  respects  an  excellent  stream  for  power.  It 
is  utilized  extensively  for  grist-  and  paint-mills,  all  the  best  sites  being  occupied.  Martin's  creek  is  another  small 
stream  from  Northampton  county,  somewhat  similar  in  character.  At  its  mouth  is  a  cotton-mill,  not  now  running, 
with  a  fall  of  28  feet.    Its  flow,  however,  is  said  to  be  very  variable. 

The  most  important  of  the  tributaries  from  New  Jersey,  above  Baston,  is  the  Pequest  creek,  which  rises  in 
Sussex  county.  New  Jersey,  and  pursues  a  southwesterly  course  through  Sussex  and  Warren,  emptying  into  the 
Delaware  at  Belvidere,  after  draining  an  area  of  about  ICO  square  miles,  according  to  my  measurements.  Its 
length  is  about  30  miles  along  its  general  course,  and  its  drainage  basin,  lying  in  the  highlands  of  New  Jersey, 
comprises  a  hilly  country,  quite  well  wooded.  The  stream  is  fed  by  a  number  of  small  lakes  and  ponds,  the 
principal  of  which  .ire  Green's,  Glover's,  Eice,  Alamuche,  Panther,  Long,  and  Sickles'  ponds.  They  are  all  small 
sheets  of  water,  but  by  their  number  may  make  up  for  their  small  size,  and  may  serve  to  regulate  the  flow  to  a 
considerable  extent.  Until  a  few  years  ago  the  stream,  like  the  Passaic  above  Little  Falls,  was  bordered  by  swamp- 
lands from  Danville,  in  Warren  county,  up  to  the  Sussex  line  and  beyond,  a  distance  of  over  6  miles  in  a  straight 
line ;  and  although  the  fall  of  the  stream  within  this  distance  was  considerable,  its  course  was  so  tortuous  and  so 
obstructed  by  fallen  timber  that  its  slope  was  very  small.  Within  a  few  years  these  lands,  known  as  the  Great 
meadows,  and  covering  5,500  acres  or  more,  have  been  drained,  with  much  benefit  to  the  health  and  agriculture  of 
the  region.  The  fall  of  the  stream  probably  averages,  from  source  to  mouth,  about  8  or  10  feet  per  mile,  or  more. 
Eegarding  its  flow,  or  that  of  any  of  the  tributaries  from  New  Jersey,  no  data  are  at  hand.  It  may  be  estimated 
by  comparing  the  tables  on  pages  9  and  10.  The  bed  of  the  stream  is  sometimes  rock,  but  more  often  drift,  which 
covers  the  valley  in  some  places  to  a  considerable  depth.  The  jiower  of  the  stream  is  utilized  to  run  a  number  of 
small  grist-  and  saw-mills,  the  most  important  power  being  at  the  mouth,  where,  within  a  distance  of  a  mile,  there 
is  a  very  considerable  fall.  The  first  power  is  a  saw-mill  with  about  12  horse-power,  and  a  flonr-mill  with  about  95 
horsepower,  both  from  the  same  dam,  the  falls  being  14  and  IG  feet,  respectively.  Just  above  is  a  second  dam, 
supplying  two  flour-mills,  with  together  50  horse-power,  the  fall  being  G  or  7  feet.  Half  a  mile  above  is  a  third  dam, 
supplying  three  mills,  viz,  a  flour-mill  with  30  horse-power,  a  wheel  and  wagon  factory  with  about  40  horse-power, 
and  a  furniture  factory  with  GO  horse-power,  the  fall  being  IS  feet  at  all  the  mills.  Full  capacity  can  not  be 
obtained  all  the  year.  The  dams  were  built  over  40  years  ago.  Above  Belvidere  there  are  no  powers  worth 
describing.  The  fall  of  "the  stream  is  not  all  utilized,  but  with  the  exception  of  a  fall  of  13  feet  just  above  Belvidere, 
which  is  said  to  be  unimproved,  no  other  sites  were  brought  to  my  notice. 

Similar  to  the  Pequest  are  the  other  tributaries  of  the  Delaware  from  New  Jersey.  An  important  feature  of 
this  region  is  the  presence  of  a  large  number  of  small  ponds,  as  in  the  valley  of  the  Pequest,  by  which  the  flow  of 
the  streams  is  rendered  much  more  constant  than  it  otherwise  would  be,  and  the  freshets  much  less  destructive  and 
violent.  The  facilities  for  the  construction  of  artificial  reservoirs  are  also  very  good;  and  if  it  were  desired  to 
utilize  these  streams  extensively,  their  flow  could  be  regulated  to  a  considerable  extent.  These  streams,  however, 
are  not  very  easy  of  access,  at  least  those  above  the  water-gap,  there  being  no  railroad  along  the  Delaware  between 
that  point  and  Port  Jervis.  I  have  no  details  regarding  their  jjower,  but  the  only  mills  they  run  are  grist-  and 
saw-mills,  the  former  with  two  or  three  pairs  of  stones,  which  they  can  run  only  part  of  the  time.  The  principal  of 
these  streams  are  Paulin's  kill  and  Flat  brook,  which  drain  valleys  nearly  parallel  with  the  Delaware.  On  the 
former,  which  drains  a  long  anticlinal  limestone  valley,  there  are  a  number  of  ponds,  several  of  them  covering  nearly 
a.  square  mile  each.  Its  utilized  power  is  insignificant,  but  its  fall  is  probably  not  much  less  than  that  of  the 
Pequest.    It  is  bordered  at  one  place,  near  Newton,  by  swamps  covering  over  1,800  acres. 

The  tributaries  of  the  Delaware  from  the  west,  between  the  water-gap  and  Port  Jer\is,  have  generally  a  very 
rapid  fall,  descending  from  the  same  elevated  plateau  which  gives  rise  to  the  Lehigh,  and  flowing  nearly  south  or 
southeast,  through  deep  and  narrow  channels,  in  which  occur  innumerable  cascades.  They  seem  to  be  excellent 
streams  for  power,  by  reason  of  the  great  fall  and  of  the  numerous  lakes  which  are  tributary  to  them,  their  chief 
disadvantage  being  their  inaccessibility.  Being  small  streams,  they  afford,  of  course,  no  very  remarkable  powers. 
They  are  utilized,  like  the  New  Jersey  tributaries,  by  saw-  and  grist-mills,  running  generally  only  for  part  of  the 
year,  although  the  flow  of  the  streams  is  not  remarkably  variable.  The  first  and  largest  of  these  streams,  above 
the  water-gap,  is  the  Analomink  (or  Brodhead's)  creek,  which  drains  an  area  of  nearly  300  square  miles,  taking  its 
rise  in  Pike  county,  very  near  the  border  of  Monroe,  and  flowing  nearly  south,  past  the  town  of  Stroudsburg, 
emptying. into  the  Delaware  just  above  the  water-gap.  It  has  only  a  few  small  lakes  tributary  to  it,  and  its  flow 
is  therefore  probably  more  variable  than  that  of  the  streams  north  of  it;  but  being  followed  for  some  distance 
by  the  Delaware  and  Lackawanna  railroad,  it  is  more  accessible  than  any  of  the  others.  Its  bed  is  rocky,  and  the 
facilities  for  power  seem  to  be  of  the  best.  It  is  utilized  only  by  a  few  small  grist-  and  saw-mills,  a  foundery,  etc., 
and  there  are  numerous  sites  not  occupied;  in  fact,  only  a  small  part  of  the  available  power  of  the  stream  is  yet 
turned  to  account.  The  stream  has  several  tributaries  which  also  afford  good  power.  Marshall's  creek,  which 
joins  it  just  above  its  mouth,  has  a  large  fall  but  a  very  variable  flow.     A  few  miles  from  Stroudsburg  it  has  a  fine 
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cascade.  Pocojio  creek,  wLicli  flows  tlirough  Stroudsburg,  just  below  which  place  it  joins  the  main  stream,  runs, 
with  its  tributaries,  a  number  of  mills,  including  at  Stroudsburg  a  grist-mill,  a  saw-mill,  and  a  woolen-mill,  all 
from  one  dam,  using  a  fall  of  about  14  feet,  and  together  about  125  or  150 "horse-power,  which,  however  can  be 
obtained  during  only  about  six  months. 

Bushliill  creek,  which  enters  the  Delaware  at  Bushkill,  is  similar  to  the  Analomiuk,  but  is  fed  by  five  or  six 
lakes  of  small  size.  Five  miles  from  its  mouth  there  is  a  fall  of  30  feet.  On  Eaymond's  kill,  near  Milford,  there 
is  a  cataract,  and  on  the  Saw  kill,  which  flows  through  the  town,  there  is  a  beautiful  cascade  a  mile  above  the  town, 
the  stream  falling  over  a  hundred  feet  into  a  winding  chasm. 

The  tributaries  of  the  Delaware  above  the  northern  boundary  of  New  Jersey,  both  those  from  New  York  and 
those  from  Pennsylvania,  partake  of  the  general  character  of  those  just  described.  In  both  states  there  are 
innumerable  lakes  and  ponds  scattered  over  their  drainage  basins,  and  their  fall  is  generally  quite  large,  though  as 
the  Delaware  is  ascended  the  fall  of  the  tributaries  becomes  probably  less.  Regarding  their  power,  details  could 
be  obtained  in  only  a  few  instances.  From  what  I  could  learn,  I  should  judge  the  power  to  be  in  all  respects 
excellent,  and  the  reason  why  they  are  not  utilized  to  a  greater  extent  is  that  they  are  generally  not  very  accessible, 
and  that  the  region  is  sparsely  settled  and  not  much  developed.  With  the  exception  of  a  few  mills  on  the  tributaries 
of  theLackawaxen,  there  is  no  manufacturing  on  any  of  these  streams.  The  lumber  interest  has  always  been  the 
most  important  one,  and  the  mills  are  generally  saw-mills;  but,  as  the  timber  is  being  cut  down,  these  are 
gradually  being  abandoned. 

Oonsidering,  iirst,  the  tributaries  from  New  York,  the  Neversink  is  the  first  of  importance.  Taking  its  rise  in 
the  western  part  of  Ulster  county,  it  pursues  a  nearly  southerly  course,  entering  the  Delaware  about  a  mile  below 
Port  Jervis,  and  draining  a  narrow  valley  measuring  nearly  350  square  miles,  comprising  a  wild  and  broken  country, 
very  little  developed.  Its  fall  is  large,  its  bed  very  rocky,  and  its  flow  very  variable,  the  freshets  being,  it  is  said, 
very  severe,  although  it  is  fed  by  15  or  20  small  ponds.  Its  power  is  almost  all  unimproved,  there  being  only  a  few 
small  saw-mills  and  tanneries  in  operation.    Its  tributaries,  however,  are  better  utilized. 

The  next  important  tributary  of  the  Delaware  is  the  Mongaup,  a  small  stream  draining  only  about  230  square 
miles,  rising  in  Sullivan  county,  through  which  it  flows  in  a  direction  nearly  due  south,  entering  the  Delaware  at 
Mongaup  after  forming  the  boundary  between  Orange  and  Sullivan  counties.  It  is  fed  by  over  twenty  lakes  and 
ponds,  some  of  which  are  of  considerable  size,  so  that  its  flow  is  probably  more  regular  than  that  of  the  Neversink, 
although  no  accurate  data  regarding  this  point  are  at  hand.  Its  basin  is  characterized  as  a  wilderness,  and  although 
its  fall  is  rapid  and  its  available  power  very  large,  it  is  utilized  only  to  a  very  small  extent.  In  former  times  it 
was  quite  well  utilized  by  saw-mills,  tanneries,  etc.,  but  the  lumber  and  bark  have  become  scarce,  and  many  of  the 
mills  have  been  abandoned.  It  ofi'ers  numerous  sites  for  power,  and  is  said  to  have  some  very  large  falls.  Six 
miles  from  the  mouth  is  a  fall  known  as  Little  falls,  and  4  miles  above  are  Big  falls,  formerly  utilized  by  a  saw-mill. 
Its  bed  is  very  rocky  and  the  facilities  for  dams  are  excellent.  As  in  the  case  of  many  of  these  streams,  however^ 
the  valley  is  narrow,  and  not  much  storage  can  be  obtained.  It  is  on  the  smaller  tributary  streams  that  the  lakes 
and  ponds  are  generally  situated.  The  upper  part  of  the  stream  is  said  to  be  better  utilized  than  the  lower,  but 
it  is  not  very  accessible.     Monticello  is  probably  the  nearest  railroad  point. 

Passing  a  number  of  small  streams,  we  come  to  the  Callicoon,  a  stream  similar  to  the  Mongaup.  It  formerly 
was  the  seat  of  an  immense  lumber  business,  but  is  now  little  used.  It  is  fed  by  a  number  of  lakes,  and  it  may 
be  mentioned  that  many  of  the  lakes  in  the  vicinity  have  been  raised  by  dams  at  their  outlets,  affording  good 
constant  power  to  small  mills. 

The  East  branch  of  the  Delaware  will  be  described  after  the  remaining  tributaries  of  the  main  stream  from 
Pennsylvania  have  been  considered.  The  first  of  these  above  Port  Jervis  is  Shohola  creek,  a  stream  similar  to 
those  just  described,  but  regarding -whose  power  I  have  no  data.  The  next  important  one,  and  the  largest  affluent 
the  river  receives  in  this  part  of  its  course,  is  the  Lackawaxen  river.  It  is  formed  by  the  union  of  two  branches, 
both  of  which  rise,  not  far  apart,  in  the  northern  part  of  Wayne  county,  and  flow  nearly  south,  uniting  at  Honesdale, 
from  which  point  the  riv^er  flows  southeast,  and  then  east,  passing  into  Pike  county,  and  joining  the  Delaware  at 
Lackawaxen.  The  drainage  area  measures  about  600  square  miles,  and  comprises  a  hilly  and  broken  country, 
forming  part  of  the  high  plateau  which  contains  the  sources  of  the  Lehigh  and  the  Lackawanna.  The  basin  is 
dotted  with  numerous  lakes  and  ponds,  of  which  thirty  or  more  may  be  counted  on  the  map,  and  the  facilities  for 
storage  are  excellent.  The  stream  is  followed  from  its  mouth  as  far  as  Honesdale  by  the  Honesdale  branch  of  the 
Erie  railroad,  and  also  by  the  Delaware  and  Hudson  canal,  and  the  canal  company  has  already  constructed,  as 
feeders  for  the  canal,  ten  large  reservoirs  on  the  tributaries  of  the  West  branch,  and  one  on  the  East  branch,  above 
Honesdale,  statistics  regarding  which  are  given  in  the  following  table: 
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Reservoirs  of  the  Delaware  ami  Hudson  Canal  Company  on  the  tributaries  of  the  Laclcawaxen. 


No. 


1 

2 
3 
4 

s 

6 
7 
8 
9 
10 

11 


Name. 


Stanton  pond 

Keen's  pond , . . 

Elk  pond 

White  Oak  pond 

Swamp  pond  

Lons  pond 

Stevenson's  pond: 

Miller's  pond 

Beaver  Meadow  pond. 
Lower  Woods  pond . . . 
Cajaw  pond 


IleiKlit 

of 
dam. 


Feet. 

19 

18.5 

14 

20 

20 

20 

22 

24.  5 

25 

18.  r. 

14 


Hi^li  T\attT. 


Square  feet. 

n,c2s,  000 

4,  682,  500 
7,  972,  500 
15,  r.77,  500 
2,  417,  500 
e,  685,  000 
4,  305,  000 
4,  230,  000 
9,  347,  500 
4, 177,  000 
4,  056,  000 


Acres. 

266.  87 

107.  49 

183.  02 

367.  61 

55.49 

163.  41 

98.82 

97.10 

214.  58 

95.56 

93.09 


Low  water. 


Square  feet. 
2,  302,  500 
1,453,500 
5,  432,  500 
2,  683,  000 

732,  500 
2,  782,  500 
1,  065,  000 

5-27,  600 
1, 100,  000 
1,  810,  000 
1,175,000 


Acres. 
64.92 
33.  34 

124.  71 
69.34 
10.81 
63.87 
24.90 
12.11 
26.25 
41.55 
26.98 


Capacity. 


Cubic/eet. 
135,  643,  750 
61,  145,  000 

92,  707,  500 
248,  788,  750 

33,  667,  500 

93,  783,  750 
69,  407,  500 
73,  834,  750 

137,  995,  750 
61,  758,  750 
36, 412,  500 


Note. — All  but  No.  10  are  on  the  West  branch ;  No.  10  is  on  the  East  branch. 

These  reservoirs,  aggregating  a  capacity  of  over  1,045,000,000  cubic  feet,  are  emptied  during  the  summer  for 
the  supply  of  the  canal,  which  is  fed  by  means  of  dams  across  the  stream,  there  being  one  at  Honesdale  and  three 
between  Honesdale  aud  Lackawaxeii,  besides  the  one  across  the  Delaware  at  the  latter  place.  Their  effect  is,  of 
course,  favorable  on  the  water-power  of  the  mills  above  Honesdale. 

The  stream  has  a  rapid  fall,  its  elevation  at  Honesdale,  24  miles  from  the  mouth,,  being  about  965  feet,  while 
that  of  the  Delaware  at  Lackawaxen  is  about  600  feet,  so  that  the  fall  of  the  Lackawaxen  below  Honesdale  is  at 
the  rate  of  15  feet  per  mile,  while  above  Honesdale  it  is  probably  greater.  These  figures  will  serve  to  give  some 
idea  of  the  fall  of  the  tributaries  to  the  Delaware  above  the  water-gap,  for  they  are  all  rapid  streams,  similar  to  the 
Lackawaxen. 

Eegarding  the  flow  of  the  stream  no  data  are  at  hand.  The  rainfall  over  the  basin  and  all  the  adjacent 
territory  is  about  42  inches — 11  in  spring,  13  in  summer,  10  in  autumn,  and  8  in  winter. 

On  account  of  the  fact  that  the  main  stream  below  Honesdale  is  controlled  by  the  canal  company,  which  has 
the  right  to  use  all  the  water  for  the  canal,  if  necessary,  and  also  that  in  dry  weather  almost  all  the  flow  is  in  fact  so 
used,  the  water-power  of  the  stream  is  of  little  importance,  there  being,  according  to  the  census  statistics,  only  one 
small  mill  below  the  junction  of  the  two  branches.  Although  there  is  no  power  used  from  the  canal  in  this  part  of 
its  course,  it  is  said  ihat  M)iiie  jiowcr  could  be  used  af  the  lock.s  by  using  the  flume-wiiter  which  flows  around  through 
the  waste-sluices ;  but  it  is  probable  that  the  amount  of  power  which  could  be  so  used  is  small,  and  that  none  would 
be  available  at  times.  But  although  the  main  stream  oflers  no  power,  its  tributaries  afford  a  large  amount.  The 
first  one  which  we  meet  as  we  ascend  the  creek  is  Blooming  Grove  creek,  flowing  nearly  north  from  Pike  county. 
It  is  a  small  stream,  but  has  a  rapid  fall  and  is  fed  by  several  lakes.  At  its  mouth  a  saw-mill  and  furniture  factory 
use  a  fall  of  15  feet,  and  within  a  distance  of  a  little  over  a  mile  above  there  Is  said  to  be  a  fall  of  over  100  feet  not 
utilized,  but  which  could  be  easily  developed.    The  stream  is  said  to  be  very  constant  in  flow. 

The  next  tributary  of  the  Lackawaxen  is  Paupack  creek,  a  much  larger  stream  tban  the  Blooming  Grove,  taking 
its  rise  in  the  very  corner  of  Wayne,  Pike,  and  Monroe  counties,  near  the  sources  of  the  Lehigh,  and  flowing  nearly 
north,  forming  the  boundary  between  Wayne  and  Pike.  It  joins  the  Lackawaxen  at  Hawley,  aud  drains  a  total 
area  of  about  233  square  miles,  its  length  along  its  general  course  being  about  25  miles.  Like  the  Blooming  Grove, 
it  is  fed  by  a  number  of  small  ponds,  but  its  flow  is  probably  more  variable  than  that  of  the  latter  stream.  Eising 
in  the  southern  part  of  the  high  plateau  of  Pike  county,  the  stream  has  little  power  in  the  upper  part  of  its  course, 
or  until  within  less  than  2  miles  of  its  mouth,  flowing  for  a  long  distance  in  a  bed  of  gravel  and  sand,  and  with  only 
a  few  small  mills.  Above  the  dam  at  Wilsonville,  less  than  2  miles  from  the  mouth,  there  is  said  to  be  a  number  of 
miles  of  slack-water,  the  next  power  being  at  Ledgedale,  14  miles  above,  and  the  fall  between  the  two  points  being 
very  small.  There  is  one  dam,  used  only  for  running  logs,  within  this  distance,  and  the  stream  often  overflows  its 
hanks,  spreading  out  from  its  natural  width  of  about  75  feet  to  many  hundred.  Above  Ledgedale  the  fall  of  the 
stream  is  greater,  and  there  are  numerous  sites  for  power.  On  the  East  branch  of  the  stream  there  is  said  to  be 
one  fall  of  90  feet  just  below  the  outlet  of  a  small  lake;  but  all  the  powers  above  Wilsonville  are  unimportant.  At 
that  place  three  saw-mills  and  a  grist-mill  are  run  from  one  dam,  the  fall  being  22  feet.  The  dam  is  a  zigzag  dam, 
about  6  feet  high,  the  height  being  varied  3  feet  by  means  of  flash-boards.  The  natural  fall  is  about  25  feet,  so 
that  it  is  not  all  utilized.  From  this  point  to  the  mouth,  a  distance  of  about  1^  mile,  the  stream  falls  very  rapidly, 
its  bed  being  solid  rock.  It  is,  in  fact,  a  continuous  cataract,  and  the  total  fall  is  said  to  be  over  300  feet.  Of 
this  fall  only  a  portion,  at  Hawley,  is  utilized.  The  first  mill  below  Wilsonville  is  a  carriage  factory  and  planing- 
mill,  with  a  dam  about  2  feet  high,  composed  of  timbers  bolted  to  the  rock,  with  a  fall  of  25  feet  and  a  race 
250  feet  long.  The  power  used  is  only  about  25  horse-power,  according  to  the  census  statistics  of  manufactures. 
Just  below  the  mill  a  large  silk  factory  has  just  been  built  by  Mr.  0.  Lambert,  of  Paterson,  New  Jersey,  to  use 
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several  hundred  horse  power,  with  a  fall  of  56  feet.  The  dam,  which  was  built  in  June,  1880,  at  a  cost  of  $1,000,  is 
125  feet  long  and  8  feet  high,  built  of  timber  and  stone.  A  few  hundred  feet  below  is  a  third  dam,  about  2  feet 
high,  from  which  lead  two  races,  one  on  each  side,  one  running  a  tannery  with  a  fall  of  32  feet  (over  40  being 
available),  and  the  other  a  spoke  factory  with  a  fall  of  16  feet,  and  a  grist-mill  with  20  feet,  the  power  used  being 
small. 

The  power  offered  by  the  Paupack  river  below  Wilsonville  Is  probably  the  finest  in  the  valley  of  the 
Lackawaxen,  and  perhaps  as  good  as  any  in  the  whole  valley  of  the  upper  Delaware.  No  gaugings  of  the  stream 
are  on  record,  except  some  observations  made  while  the  dam  was  being  built,  according  to  which  the  discharge 
was  125  cubic  feet  per  second.  It  is  probable,  however,  that  the  flow  is  at  times  much  smaller  than  this,  and  I 
should  estimate  the  minimum  at  not  over  50  cubic  feet  per  second  and  the  flow  during  the  low  season  of  ordinary 
years  as  perhaps  75  cubic  feet  per  second.  This  would  afford  8.5  horse-power  per  foot  fall,  and  with  the  large  fall 
available  the  power  which  could  be  developed  is  quite  large.  It  could  no  doubt  be  very  much  increased  by  artificial 
storage. 

Middle  creek,  which  joins  the  Lackawaxen  at  Hawley,  is  a  small  stream,  but  has  considerable  available  power. 
No  details  are  at  hand. 

The  West  or  main  branch  of  the  Lackawaxen  affords  considerable  power.  At  Honesdale  there  are  three  dams^ 
the  lower  one,  9  or  10  feet  high,  supplying  a  planing-mill,  the  next  being  the  canal  feeder-dam,  and  the  next  running 
a  grist-mill,  with  a  fall  of  7  feet.  At  Seelyville,  a  mile  above,  there  is  quite  an  important  power.  There  are  two 
dams,  about  300  feet  apart,  the  upper  one  16  or  18  feet  high,  built  of  stone  in  hydraulic  cement,  and  the  lower  one, 
2  feet  high,  of  timber.  The  upper  dam  runs  a  stick  factory  with  a  fall  of  16  feet,  and  a  saw-mill  and  woolen-mill 
with  a  fall  of  28  or  30  feet,  discharging  below  the  lower  dam.  The  lower  dam,  below  which  is  a  natural  fall  of  12 
or  14  feet,  runs  a  machine  shop  and  sash-and-blind  factory  with  a  fall  of  14  feet.  The  total  power  used  can  not  be 
stated  with  accuracy.    There  are  other  smaller  establishments  of  various  kinds  on  the  stream  above  this  point. 

The  East  branch  of  the  Lackawaxen,  known  as  the  Dyberry,  has  a  fall  of  30  feet  at  Tanner's  falls,  7  miles  above 
Honesdale,  used  by  a  tannery  and  some  saw-mills;  but  no  further  details  regarding  the  power  of  the  stream  are  at 
hand. 

The  other  tributaries  of  the  Delaware  below  the  junction  of  the  two  branches  are  utilized  by  small  saw-mills,, 
but  their  power,  although  considerable,  does  not  merit  a  special  description,  as  they  closely  resemble  the  tributaries 
already  considered. 

It  remains  to  describe  the  two  branches  of  the  Delaware  which  unite  at  Hancock.  The  East  branch,  or 
Pepacton,  takes  its  rise  in  the  eastern  part  of  Delaware  county,  through  which  it  flows  in  a  southwesterly  direction 
for  a  distance  of  about  50  miles  in  a  straight  line.  It  drains  an  area  of  about  919  square  miles,  comprising  a  region 
as  yet  but  little  developed,  passing  no  large  towns,  and  with  few  mills  except  small  grist-  and  saw-mills.  Its  fall 
is  considerable,  but  gradual,  there  being  no  cataracts  or  even  remarkable  rapids,  so  far  as  I  could  learn.  Its  bed 
is  mostly  gravel  and  sand,  and  its  flow  subject  to  large.,  variations.  There  are  a  few  lakes  in  the  basin,  but  they 
are  small  in  comparison  with  the  size  of  the  stream,  and  do  little  to  regulate  its  flow;  though  the  facilities  for  artificial 
storage  are  said  to  be  good.  The  drainage  basin  is  quite  well  wooded,  and  is  the  seat  of  considerable  lumbering. 
Formerly  many  rafts  were  sent  down  the  East  branch,  but  now  the  lumbering  is  more  confined  to  the  Pepacton. 
Details  regarding  the  power  of  the  stream  could  not  be  obtained  with  the  time  at  disposal.  That  whicTi  is  utilized 
is  tabulated  below,  and  in  regard  to  that  which  is  available,  it  may  safely  be  said  that  it  is  very  large,  though  n» 
specially  good  sites  can  be  indicated. 

Of  the  tributaries  of  the  Pepacton  many  have  been  utilized  to  a  considerable  extent  to  run  saw-mills,  but  a 
large  proportion  of  these  mills  have  been  abandoned  in  late  years  on  account  of  the  want  of  timber,  so  that  the 
streams  are  now  utilized  only  to  a  very  small  extent.  The  principal  of  these  streams  is  the  BeaA-er  kill,  which  rises 
in  the  western  part  of  Ulster  county,  near  the  sources  of  the  Neversink,  and  flows  nearly  west,  draining  about  320 
square  miles.  Its  fall  is  large,  but  probably  not  so  large  as  that  of  the  Mongaup  and  the  Neversink,  its  neighbors. 
It  offers  an  abundance  of  fine  power,  but  little  of  which  is  utilized,  for  saw-mills  and  tanneries.  Trout  brook,  one 
of  its  affluents,  takes  its  lise  in  a  lake  known  as  Long  pond,  about  2  miles  long  by  three-eighths  of  a  mile  wide. 
The  level  of  this  lake  is  raised  6  feet  by  a  dam,  and  just  below  the  outlet  is  a  natural  fall  of  25  feet,  utilized  by  a 
saw-mill,  and  there  are  other  saw-mills  lower  down.  There  are  other  lakes  in  the  vicinity  whose  outlets  are  dammed 
and  the  fall  utilized  for  power. 

The  West  or  main  branch  of  the  Delaware  is  similar  in  general  character  to  the  East  branch,  but  it  drains  a 

more  open,  cultivated,  and  better-developed  country.    Its  basin  is  not  so  well  wooded,  and  it  is  fed  by  but  a  few 

small  lakes,  so  that,  as  would  be  expected,  its  flow  is  said  to  be  more  variable  than  that  of  the  East  branch.    Its 

fall  is  gradual  and  its  utilized  power  very  small.    Less  than  a  mile  above  the  forks  is  a  saw-mill  with  a  fall  of  7 

feet ;  at  Hale's  eddy  there  is  a  second  one  with  a  fall  of  5  feet ;  at  Deposit  is  a  third  with  a  fall  of  6  feet.    At 

Stiles'  settlement,  a  mile  and  a  half  abo\e,  a  fall  of  5  feet  supplies  power  to  several  mills  of  diflerent  kinds,  and 

above  are  other  small  mills.    At  Delhi  a  woolen-mill  uses  a  fall  of  10  feet,  but,  with  the  exception  of  this  and  a  few 

other  small  woolen-mills,  the  mills  are  grist-  and  saw-mills.    The  available  power  is  doubtless  large,  but  as  the 

slope  is  gradual  I  learned  of  no  particular  sites. 
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The  tributaries  of  the  West  branch  do  not  require  detailed  description,  as  none  of  them  are  large  or  important. 
They  have  considerable  fall,  though  not  so  much  by  any  means  as  the  tributaries  between  Port  Jervis  and  Hancock, 
and  they  are  sometimes  fed  by  small  lakes,  which  serve  to  regulate  the  flow,  some  of  which  are  dammed.  Like  the 
other  streams  in  the  vicinity,  they  are  not  utilized  now  as  much  as  they  were  formerly,  on  account  of  the  thinning 
out  of  the  timber. 

The  following  tables  have  already  been  referred  to.  They  contain  what  additional  information  is  needed  to 
give  an  idea  of  the  power  of  the  Delaware : 


Table  of  drainage  areas  of  the  Delaware  river  and  tributaries. 


ITaiae  of  stieam. 


Tributary  to  what, 


Locality. 


Drainage 
area. 


Delaware  liver  .; 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.; 

Do 

Do 

Do 

Do 

West  branch 

Do 

Do 

Do 

East  branch 

Do 

Little  Delaware  creek . . 

Oqnaga  creek 

Beaver  kill 

Callicoon  creek .' 

ilonganp  creek 

Neversink  river 

Basba'skill 

Lackawaxen  river 

Do 

Panpack  creek 

Blooming  Grove  creek... 

Shohola  creek 

Bnshkill  creek 

Analomink  creek 

Bashkill  creek  (Easton)  . 

Lebigb  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Toby  hanna  creek 

Bear  creek 

Little  Lehigh  creek 

Schnylkill  river 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Delaware  bay 

....do  

...do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

....do  

Delaware  river 

...do 

....do 

...do 

...  do 

....do  

West  branch 

...do 

Bast  branch 

Delaware  river 

....do  

...do 

Neversink  river  ... 

Delaware  river 

....do 

Lackawaxen  river . 
....do. 

Delaware  river 

...do 

...do 

...do 

...do 

-.do 

...do 

..  do 

...do 

...do 

...do 

...do 

..do 

...do 

...do 

Lehigh  ri  ver 

..  do 

...do 

Delaware  river 

...do  


..do. 
..do. 

•  do. 
..do. 
..do  . 

.do  . 

do  . 

do  . 
.do  . 


Below  Junction  of  East  and  West  branches. . 

Long  eddy 

Pond  eddy 

Port  Jervis 

Below  mouth  of  Neversink 

Beividere  (without  Feqnest  creek) 

Wycott 

Easton  (without  Lehigh  river) , 

Bull's  falls 

Lambertville 

Scndder's  falls , 

Trenton  (without  Assanplnk  creek) 

Philadelphia  (without  Schnylkill  river) 

Philadelphia  (including  Schuylkill  river) ... 

Walton 

Deposit  (without  Oqnaga  creek) 

Hale's  eddy 

Month 

Above  mouth  of  Beaver  kill 

.Month 

...do  

...do 

...do  

do .•- 

...do : 

...do ; 

...do 

Honesdale 

Mouth 

...do 

...do 

...do 

...do 

...  do 

...do 

Gouldsborough 

White  Haven 

Tannery 

Mauch  Chunk 

Perryville — 

Lehigh  gap 

Lowry's 

Hokendoqua 

Allentown  (without  Little  Lehigh) 

Glendon  

Mouth 

...do 

...do ; 

...do 

Schuylkill  Haven 

Above  month  of  Little  Schnylkill 

Beading 

Limerick  dam 

Phcenixville 

Pawling 

Norristown 

Conshohocken 

Manayunk 

Fairmount 

Mouth 


Square  fnilea. 

1,604 

1,733 

2,94S 

3,252 

3,600 

4,550 

4,790 

4,880 

6,750 

6,820 

6,894 

6,916 

8,186 

10, 100 

348 

519 

634 

685 

520 

919 

53 

82 

322 

123 

231 

34S 

67 

161 

597 

233 

29' 

91 

158 

28» 

75 

75. 

290> 

300- 

581 

727 

870 

940 

9S5 

1,009 


631 


1,332 

121 

60 

177 

134 

20O 

889 

1,142 

1,323 

1,707 

1,752 

1,787 

1,817 

1,880 

1.812 
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Name  of  stream. 


Little  Schuylkill  river. 

Tnlpehooken  creek 

Maiden  creek 

Manatawny  creek , 

Perkiomen  creek 

riat  brook 

Little  Flat  brbok 

PeqTiest  creek 


Do. 


Do 

Do 

Musconetcong  creek.. 


Do. 


Do 

Paulin's  kill 

Pohatcong  creek 

Assanpiuk  creek 

Crosswick'a  creek 

Hancocas  creek 

Hancocas  creek,  Sonth  brancli . 
Kancocas  creek,  ITortli  branch. 

Do 

Do 

Cooper's  creek 

Big  Timber  creek  

Mantaa  creek 

HacGoon  creek 

Oldman's  creek 

Salem  creek : 

AUoway 's  creek 

Coliansey  creek 

Do 

Maurice  river 

Do 

Christiana  creek 

Do 

White  Clay  creek 

Bed  Clay  creek 

Brandywine  creek - 

Do 


Tributary  to  -what. 


SchuylkiU  river  ... 

...do 

...do 

...do 

...do 

Delaware  river 

Flat  brook 

Delaware  river 

...do 

...do 

...do 

...do 

..  do 

...do 

..  do 

...do 

.--.do 

.--.do  - 

.--.do 

Kancocas  creek — 

...do 

...do 

.--  do 

Delaware  river 

...do 

..do 

...do 

.--.do 

.--.do 

.--.do 

Delaware  bay 

.--.do 

.--.do    

.-..do 

....do 

...do  

Christiana  creek . . . 

White  Clay  creek. 
.  Christiana  creek . . 
...do 


Locality. 


Mouth 

...do  

...do  

..do 

..do 

--.do  

--do 

Vienna 

Townsbury 

Butzville -.- 

Mouth 

Asbury 

Bloomsbury 

Mouth 

--  do 

...do 

-..do  

...do 

...do 

...do 

Pemberton  .■ * 

Smithville 

Mouth 

...do 

...do 

...do 1 

...do 

...do 

..  do 

-..do 

...do 

Bridgeton  

Millville 

Mouth 

...do 

Above  mouth  of  White  Clay  creek. 

Mouth 

.--.do 

Coatesville 

Wilmington 


Drainage 
area. 


Square  miles. 
134 
21» 
205 
07 
345 

se 

14 

89 

94 

118 

161 

122 

138 

150 

a  170 

aSO 

a  105 

oll5 

346 

142 

136 

154 

al64 

a  55 

a56 

a  51 

•  53 

a43 

O109 

a28S 

olOO 

52 

217 

380 

465 

46 

98 

52 

25 

238 


a  These  figures  atre  taken  from  Professor  Cook's  report  on  the  Geology  of  New  Jersey.  My  own  measurements  did  not  agree  with  his  very  well,  giving  the 
areas  always  considerably  larger,  generally  by  from  10  to  20  per  cent.  Thus,  Professor  Cook  gives  the  following  as  the  drainage  areas  of  some  of  the  streams  named 
above,  and  for  which  the  above  table  gives  my  results :    Pequeet,  140 ;  Musconetcong,  124;  Bancocas,  329 ;  Maurice,  360. 

Table  of  utilized,  power  on  the  Delaware  river  and  tributaries. 


stream. 


Delaware  river . 
Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Tributary  to  what. 


Delaware  bay 
...do 


.do  . 
.do  . 
.do. 

do  . 
.do  . 
.do  . 
.do  . 

do  . 

do. 

do  . 
.do. 
.do  . 


State. 


Pennsylvania 

...do 

..  do 

New  Jersey  . 
...do 


632 


a  From  Delaware  Division  canal.. 


do 
.do  . 

do  . 
.do. 
..do  - 
.do  . 
.do  . 
.do  . 

do. 
b  Being  built. 


■  1. 


County. 

I 


Bucks 

...do  

..  do 

Mercer 

..do 

...do 

...do 

...do , 

...do 

...do 

...do 

...do 

...  do 

Hunterdon 
c  At  Trenton. 


Kind  of  mill  or  manufacture. 


Flouring  and  grist 

Flouring  and  grist 

Paper  (6).., 

Wood.turning(c) 

Machinery  (c) 

Planing  (c) 

Hardware  (c) 

Plaster (0)  

Carpentering  (c) 

Flouring  and  grist  (cj . 

Bolling.mlll  {o)  

Woolen  (c) 

Flouring  and  grist 

Cotton  (e) 


« 

3 

ni 

9 

<M 

a 

o 

% 

2* 

■H 

^ 

H 

Feet. 

(1)6 

35 

1 

alOi 

1 

9 

1 

7 

2 

25 

2 

28 

1 

16 

1 

14 

1 

.-8 

5 

78 

1 

11 

4 

52 

4 

d91 

1 

8J 

o    . 

J.  ®  I 

o  a 

^s 

•3  f 


8 

165 

2S 

40 

85 

20 

97 

12 

170 

100 

160 

130 

65 


d  From  canal  to  river. 


c  At  Lambertville. 
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Table  of  iUUi~cd  poirer  on  the  Belmcare  river  and  tributaries — Continued. 


Stieam. 


-Delaware  river  . 

Do 

Do 

Do.. 

Do 

Do 

Do 

Do 

Do 

Tributaries  of  . . 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 


Tributary  to  what. 


Delaware  bay 
.-  do 


..  do 

...do 

..  do 

...do 

...do 

...  do 

...do 

Delaware  bay. 
...do 


State. 


do. 

do  . 

do  . 

do 

do  . 
.do. 
.do  . 


Kow  Jersey  . . 

...do 

..do 

...do 

..  do 

..  do 

..  do 

Pennsylvania . 

...  do 

Delaware 

...do ; 


do. 

.do  . 

.do  . 
do- 
do . 
do  . 


■  Christiana'  creek |  Delaware  river ' . . .  da 


Do 

Braodywine  creek  - . 

Do 

Do 

Do 

Do 

Do 

Do 

Bo 

Do •. 

Do 

Do 

-Other  tributaries  of. . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

"Maurice  river 

Do , 

Do 

Do 

Do , 

Do 

Do 

Do 

•Cohansey  creek 

Do 

Do 


. .  do do 

Christiana  creek —  do 

.  -  do i. ..  do  .  ..^ 

..  do do 

..do do 

- .  do  . . , j . . .  do 

...  do I  Pennsylvania . . 

—  do do 

...do do 

—  do 1...  do 

..  do do 

...do do 

Delaware  river Delaware 

...do do 

...do do 

...do do 

--  do do 

...do do 

...do Pennsylvania. 

— do do 

..  do do 

..  do do 

..  do do 

...do do 

...do do 

. .  -do do 

...do do 

do do 

do .do 

—  do do 

do do 

do do 

do do 

do do 

do do 

Delaware  .bay .. New  Jersey . . . 

do do 


.do  . 

.do  . 

do  . 

do  . 

.do  . 

.do  . 

..dp  . 
..do  . 
..do  . 


do  . 
.do  . 
.do. 
.do  . 
.do  . 
.do. 
.do. 
.do. 
.do 


County. 


Hunterdon  . 

...do 

...do 

..  do 

--.do 

..do 

..do 

Monroe 

Wayne 

Sussex 

.-  do 

.-.do 

Kent 

...do 

...  do  

...do    

..  do 

...  do 

New  Castle  . 
.-  do 


...do 

..  do 

-do 

-..do 

..do 

Chester 

..do 

...do 

...do 

Delaware 

Chester 

New  Castle  . . 

...do 

..  do 

...do 

...do 

...do 

Chester 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do  

...do  

Delaware  . . . . 

....do 

...do 

...  do  

...do 

...do  

Gloucester... 

Cumberland  . 
...  do 


do  - 
do  . 
do. 

-do  . 

-do. 

-do 

-do. 


Kind  of  mill  or  manufacture. 


Machinery  (a)  

Paper  (a) 

Twine{a) 

Flouring  and  grist(a) 

Saw  (a) 

..  do 

Flouring  and  grist 

...do 

..  do 

Woolen 

Flouring  and  grist 

Saw 

Woolen 

Dye-wooda,  etc 

Upholstering  materials . . . 

Foundery 

Saw 

Flouring  and  grist 

Agricultural  implements  . 

Flouring  and  grist 

Gunpowder 

Cooperage  

Flouring  and  grist 

Paper 

Cotton 

Flouring  and  grist 

Saw 

Machinery 

Paper 1 

Flouring  and  grist 

Iron  and  steel 

Woolen 

Kolling 

Paper 

Carriage  materials 

Saw 

Flouring  and  grist 

Fertilizers 

Butter  and  cheese 

Flouring  and  grist 

Saw 

Leather 

Plaster 

Machinery 

Paper 

Wood.turning 

Woolen 

Iron 

Flouring  and  grist 

Saw 

Cutlery,  etc 

Paper 

Cotton 

Woolen 

Flouring  and  grist 

Water. works    

Foundery 

Flouring  and  grist 

Cotton 

Blacking 

Bleachery 

Saw 

Flouring  and  grist 

Saw 


1 
2 
1 
1 
1 

on 
m 
1 

10 
12 
1 
1 
1 
1 
3 

24 
1 
S 


.do i  Eolling  . 


1 

(!)2 

3 

5 

16 
7 
1 
4 
1 
2 
5 
2 
1 
1 
6 

25 
1 
2 

76 

24 
1 
1 
2 

13 
1 
9 
1 

27 
9 
1 


Feet. 

19 

35 

9 

37 

17 

2 

8 

.8 

(1) 


61 
81 

8 

6 

6 

8 
31 
210 
12 
76 
69 

8 
27 
60 
64 
222 
101 

6 
34 

4 
36 
60  ± 
30 
12 
13 
90 
435 


1,352 

410 

14 

12 

26 

225 

21 

160 

12 

488 

169 

20 

119 


o     . 

O   Q 


a  At  Lambertville. 


167 
7 

24 

24 

24 

24 

24 

24 

II 
108 

20 

14 

633 


100 
196 
CO 
95 
25 
18 
22 
16 
(?) 

5 

157 

249 

30 

40 

18 

12 

60 

699 

15 

147 

500 

10 

155 

500 

470 

342 

126 

20 
111 

56 
120 
189 
189 

84 

8 

122 

621 

25 

10 

1,183 

331 

3 

40 

29 
454 

10 
230 

549 

129 

40 

215 

816 

655 

30 

40 

CO 

40 

400 

50 

100 

70 

141 

■JO 

150 
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Table  of  utilized  power  on  the  Delaware  river  and  tributaries — Continued. 


stream. 


Bancocas  creek 

Do 

Do 

Do 

Other  tribntaries  of. . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

MuBconetcong  creek. 

Do 

Do 

Do 

Do 

bo 

Do 

Do 

Do 

Do 

Do 

Pequest  creek 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  of. . . 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Schuylkill  river. 

Do  

Do 

634 


Tributary  to  what. 


Delaware  river . 

...do  

...do  

...do  ; 

Delaware  bay. . . 

...do  

...do 

Delaware  river . 

...do 

..  do 

...do  

..do 

...do 

...do 

...do  

...do  

...do  

...do  

..do 

...do 

...do  

...do  

...do  

...do 

...do 

..  do 

...do  

...do 

...do 

..do 

...do , 

...do  

...do '. 

...do , 

...do    , 

...do  

..  do 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

.  do 

..do 

..do 

.  do    

..do    

..do 

..do 

.  do 

..do 

..do 

..do 

..do 

.  do 

..do 

..do 

..do 


State. 


Ifew  Jersey  . 
...do 


.do 

do 

do 

do 

.do 

do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

do 

do 

.do 

.do 

.do 

.do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

...do 

....do  

...  do 

...do 

...do 

....do 

...do... 

...do 

...do 

...do 

....do 

....do 

...  do 

...do 

...do 

...do  

/.Ao 

...do  

...do  

..  do 

...do  

...do 

...do 

...do 

..  do 

...do  

...do  

..  do 

...do 

...do  

...do 

...do 

...do 

Pennsylvania . 

...do  

..do 


County. 


Burlington... 

...do 

...do 

....do 

Gape  May  ... 
Cumberland . 

....do 

Salem 

...do 

....do 

Gloucester. . . 

....do  

....do  

Camden 

...do 

....do  

...do  

Burlington. . . 

...do 

Mercer 

...do 

...do 

...do 

...do 

...do 

...do 

Ocean 

...do 

Monmouth . . . 

Monis 

"Warren 

...do 

...do 

...do 

...do 

Hunterdon... 

...do 

..do 

..  do 

Sussex 

Warren 

...do 

..  do 

...do 

...do 

Sussex 

...do  

Hunterdon  .. 

..  do 

...do 

...do 

...do 

Warren 

...do 


...do 

...do 

...do 

...do 

Sussex 

...do , 

...do 

...do  

...do 

...do 

Philadelphia. 

...do 

...do 


Kind  of  mill  or  manufacture. 


Flouring  and  grist 

Saw : 

Cotton 

Machinery ._... 

Flouring  and  grist 

...do 

Saw 

Flouring  and  griat 

Saw 

"Wood-turning 

"Woolen 

Flouring  and  grist 

Saw 

Agricultural  implements . 

Flouring  and  grist 

Saw 

Paint 

Flouring  and  grist 

Saw 

"Woolen 

Cotton 

Flouring  and  grist 

Saw 

Rubber 

Plaster  

"Wood-turning 

Flouring  and  grist 

Saw , 

Flouring  and  grist 

...do 

"Woolen 

Flouring  and  grist 

Paper 

Agricultural  implements. . 

Foundery 

Cutlery 

Paper 

Saw 

Flou  ring  and  grist 

...do 

...do 

Saw 

Carriage 

Carriage  materials 

Furniture 

Flouring  and  grist 

Saw  

"Woolen 

Sashes,  doors,  and  blinds. . 

"Wood.turning 

Saw 

Flouring  and  grist 

...do  

Sashe3,  doors,  and  blinds . 

"Wheelwrighting 

Saw 

Agricultural  implements. . 

Furniture 

Flouring  and  grist 

Brooms,  etc 

Founderies 

Saw 

Leather 

"Woolen 

"Water- works 

Cotton , 

Cotton  and  woolen 


e 

1 
1 

3 
10 

7 
16 
13 
1 
1 
17 
8 
1 
6 
3 
1 
17 
8 
1 
1 
9 
2 
2 
1 
1 
2 
2 
10 
1 
1 
6 
1 
1 
1 
1 
1 
2 

1 
8 
1 
1 
1 
1 
4 
2 
1 
1 
1 
8 

16 

39 
1 
1 

14 
1 
1 

18 
1 
2 
5 
2 
1 
1 
4 
2 


is 

b    - 


Feet, 
47 
53 

6 

8 

14 

86 

68 

185 

130 

8 
IS 
261 
85 
12 
70 
21 
15 
170 
75 
18 

7J 
88 
22 
16 

8 

6 

24 

15 

103 

10 

71 


22 
6- 
9 

8 
28 
20 
36 


77 

14 

16 

16 

16 

61 

24- 

24 

24 


176 

322 

723 

9 

12 


20 


305 

9 

16 

76 

20 


12  ± 

84 

40 


275 
142 

15 
100 
.  26 
142 
133 
396 
242 
7 

40 
378 
107 

25 
154 

75 

20 
443 
140 

80- 

265 

100 

115 

25 

20 

50 

28 

254 

53 

15 

240 

145 

8 

18 

65 

250 

30 

150 

18 

280 

12 

20 

20' 

60 

100 

44 

8 

20' ' 

10 

193 

348 

1, 146- 

10 

20 


3 

448 

20 

16 

83 

23 

35 

700 

630 

28 
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stream. 


Tributary  to  what 


State. 


County. 


Kind  of  mill  or  manufacture. 


I 


3^- 


SohuylklU  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Ferkiomen  creek  ... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Manatawny  creek  .. 

Do 

Do 

Do    - 

Do 

Do 

Do 

Tulpebocken  creek  - 

Do 

Do 

Do 

Maiden  creek 

Do 

Other  tributaries  of. 

Do 

Do 

Do 


Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Do.. 

Do.. 

Do. 

Do 

Do.. 

Do  . 

Do.. 


Delaware  riyer . . 

....do 

...do 

...do 

..do 

...do 

...do 

...do 

...  do 

...  do 

...do 

...do 

Schuylkill  river. 

...do 

..do 

...do 

..  do 

...do  

...do 

...do  

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do    

..  do 

...do  

...do  

..  do 

...do 

...do    

..  do 

...do 

...do  

--  do ■- 

..  do 

..  do 

...do 

...do  

...do 

..  do 

...do  

...do 

...do    

...do 

...do 

...do 

...do 

...do 

..do 

..  do 

..do 

..do 

..do 

..do 

..do 

..do 

.  do 

.  do 

-do 

-do..... 


Pennsylvania. 


..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

-do 

.  do 

.  do 

..do 

.  do 

do .' 

do 

do 

.do 

.do 

do 

do 

do 

do 

-do Montgomery. 

.do !. ..  do 


Philadelphia.. 

....do 

....do , 

Montgomery. 

...do 

...do , 

Chester 

..  do 

Berks 

Schuylkill  .... 

...do 

...do  

Philadelphia. . 
...do 

Delaware 

...  do 

Chester 

...do 

...do 

...  do 

...do 

...do 

...do 

..do 

...do  

...do 

Berks 

...do 


..do. 
..do. 
-do  . 
-do  . 

-  do  . 
-do  . 
-do  . 
.do  - 
-do  . 

-  do  . 
..do  . 
..do. 
..do. 
..do  - 
..do  - 
..do  - 
..do  . 
..do  . 
.  do  . 
.  do  . 
..do  - 
-do  . 
.  do  . 
..do. 
.  do  . 
.do. 
..do  . 
..do. 
..do  . 

.do. 
.do. 
.do. 
.do- 
.do. 


...do 

....do 

...  do 

....do 

Berks 

...do  

...do  

...do  

...  do  

Montgomery- 
....do 

Lebanon 

Berks 

....do 

....do 

....do 

.--  do 

Montgomery . , 

...do 

...  do 

..  do 

...  do  ..  

...do 

...do 

..  do 

...do 

..  do 

..  do 

...do 

Bucks 

...do 

Lebanon 

...do 

Lehigh 

..do 

...do 


Paper 

Flouring 

Woolen 

Kolling 

Cotton 

Flouring 

Flouring  and  grist 

Rolling 

Flouring  and  grist 

...do 

Saw 

Gunpowder 

Paper 

Cotton 

Flouring  and  grist 

Saw 

Agricultural  implemente. 

Fertilizers 

Hardware 

Flouring  and  grist 

Saw 

Planing 

Machinery 

Paper 

Boiling 

"Woolen 

Flouring  and  grist 

Leather 

Oil. 

Paper 

Sashes,  doors,  and  blinds . . 

Leather 

Flouring  and  grist 

Saw 

Iron-forging 

Flouring  and  grist 

Saw 

Paper 

Eolling 

Flouring  and  grist 

Rolling    

Flouring  and  grist 

...do 

Saw 

Rolling 

Flouring  and  grist 

Saw J 

Woolen 

Cotton 

Agricultural  implements  . 

Brass  foundery 

Cutlery 

Gunpowder 

Paper 

Shoddy  

Wheelwrighting 

Leather 

Flouring  and  grist 

Saw 


Flouring  and  grist 

Blacksmithing 

Flouring  and  grist 

Agricultural  implements  . 

Foundery 

Flouring  and  grist 


4 
1 
1 
1 
2 
1 
2 
1 
2 
2 
1 
1 
1 
1 
2 
1 
2 
1 
1 

41 

14 
1 
1 
3 
2 
2 
8 
2 
3 
1 
1 
1 

23 
3 
1 

10 
3 
1 
1 
1 
1 
2 

12 
1 
1 
7 
3 
4 
1 
1 
1 
1 
2. 
2 
1 
1 

2 

71 

11 

1 

14 

1 

5 

1 

1 

i 


Feet. 
82 
19 
20 

8 
17 

9 
14 

9 
14 
20 
16 


16 

40 

37 

28 

29 

8 

7 

657 

195 

28 

5 

68 

40 

16 

124 

18 

47 

15 

7 

6 

208 

33 

14 

99 

19 

14 

14 

12 

13 

13 

68 

7 

8 

43 

19 

50 

12i 

8 

26 

■6 

23 

26 

17 

12 

11 

1,019 

126 


267 


85 
18 
18 
69 
635 


525 
21 
31 
80 

242 
30 
55 
49 
56 
46 
24 
20 
80 
12 
55 
35 
20 
25 
10 

700 

203 
20 
10 
67 
80 
30 

131 
26 
64 
20 
12 
20 

647 
87 
75 

188 
43 
25 

110 
1    75 

100 
50 

218 
17 
25 

141 
72 

no 

20 

6 

40 

8 

33 

40 

30 

10 

30 

1,402 

195 

15 

240- 

5 

73 

8 

8 

55 
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stream. 


Tributary  to  what. 


State'. 


County. 


Kind  of  mill  or  manufacture. 


-e 

t 

% 

I?'* 

P 

sS 

^ 

StI- 

« 

•fla 

other  tributaries  of. . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do... 

Do 

Do 

Do 

Do 

Do 

Do... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Iiohigh  river 

Do 

Do 

Do , 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do 

Do : 

Do 

Do 

Tribntariesof.. 

Do 

Do 

636 


Schuylkill  river. 


..do. 
..do. 
..do. 
.do  . 
.do. 
..do. 
.do  . 
■  do. 
.do. 
-do. 
do. 
.do. 
do. 
.do. 
do. 
-do. 
do. 
do. 
.do  . 
do. 
do. 
do. 
.do. 


Delaware  river . 
...do 


do 

do... 

-do 

.do 

do 

.do 

....do 

....do 

...do 

....do 

....do 

....do  ..^.... 
....do 

...do 

....do 

....do 

....do  

....do 

...  do 

....do 

....do 

....do 

...  do 

....do  

....do  

....do  

...do 

....do 

...do 

...do 

...do 

...do  

...do  

...do  

...do 

..  do 

...do  

Lehigh  river. 

...do 

...do  


Pennsylvania . 

...do 

...do  

...do  

..  do 

...do 

...do 

...do 

...do 

...do 

...do , 

...do 

...do 

..  do , 

...do 

...do 

...do  

...do 

...do 

...do  

...do  

...do 

...do 

...do 

...do 

..do 

...do 

...do 

...do  

...do  

...do  

...do 

...do 

...do 

...do  

...do  

...do... 

...do.... 

..do 

...do  

...do  

...do 

...do  

...do 

...do  

...do 

...do 

...do 

...do  

...do 

..  do 

...do 

...do  

...do 

...do 

...do 

...do 

..do 

..do 

...do 

...do 

...do 

...do 

...do  

..do 

..do 

..do 


Lehigh 

...do 

Berks 

....do 

....do 

...  do.. 

...do 

....do  

....do  

..-.do  

....do 

..-.do 

....do  

...do 

....do  

....do  

Schuylkill  ... 
....do 

...do 

...do 

...  do 

...do 

...do 

...do 

...do.......... 

Philadelphia.. 

...do 

...do 

...do 

...do  

Montgomery.. 

...do 

...do 

...do 

...do  

Bucks 

...do 


...do 

...do 

...do 

...do  

...do 

...do  

...do 

Korthampton . 
...do  


...do  

...do  

...do  

...do :. 

...do  

...do  

...do 

Lehigh 

...do 

...do 

...do 

...do  

Carbon 

...do  

Luzerne 

--.do  

Lackawanna. 

.-  do 

Monroe , 

...do , 

Carbon 


Saw , 

"Woolen 

Voolen , 

Boiling 

Forges  and  blomaries 

Blast-furnaces 

File 

Carriage  materials 

Agricultural  implements  . 

Founderies 

Flouring  and  grist 

Saw 

Locksmithing 

Paper 

Tinware,  etc 

Wheelwrighting 

Boiling 

Blomaries  and  forges 

Cigar-boxes 

Fertil  izers 

Gunpowder 

Machinery 

Printing 

Saw. 

Flouring  and  grist .. . . . 

Cotton 

Agricultural  implements  - 

CutleiT 

Flouring  and  grist 

Saw 

Agricultural  implements  . 

Cutlery 

Hardware 

Flouring  and  grist 

Saw 

Flax 

Fertilizers 

Wooden  bandies 

Paper 

Plaster 

Cotton 

Sashes,  doors,  and  blinds.. 

Saw 

Flouring  and  grist 

Cotton 

Blast-furnace 

Boiling 

Machinery...: 

Flouring  and  grist 

Foundery 

Paint 

Slate 

Saw 

Barrels 

Cement 

Boiling  and  furnace 

Slate 

Flouring  and  grist 


Paint 

Saw  

Foundery 

Leather 

Saw 

Flouring  and  grist . 

Saw 

Blast-famace 


Feet. 
15 
8 


47 
25 
95 
21 
13 
19 
37 
1,616 

303 
29 
13 
15 
10 
12 
25 

250 
10 


24 


32 
232 


42 
13 
77 
34 
20 
14 
14 
266 
22 
16 


10 

9 

40 

493  i 

1,350 

21 

21 

21 

21 

38 

8 

9 

13 

*i 

12 

8 

8 

8 

87 

8 


21 
17 
12 
66 
70 
4 


20 
20 
87 

165 
68 

120 

18 

8 

15 

72 

1,837 

396 
28 
24 
20 
10 

110 


4 

8 

276 

30 

3 

32 

334 

73 

112 

30 

195 

62 

20 

12 

40 

365 

35 

30 

6 

4 

35 

15 

4S 

60 

816 

2,069 

(!)70 

ISOi: 

120 

125 

60 

6 

30 

13 

25 

18 


40 


290 
30 
60 
20 
118 
270 
15 
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stream. 


Tribatariea  of . 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

bo 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do .. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tribatariea  of. 

Do 

Do 

Do 

Do 

•      Do 

Do 

Do 

Do 

Do 

Analomink  creek  — 

Do 

Do 

Do 

Do 

Other  tributaries  of. . 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Paupack  creek 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tribntariea  of- . 

Do 

Do 

Do 

Do 


Tributary  to  ■what. 


Lehigh  river 

....do 

....do  

....do 

...  do .- 

....do  

...do 

...do 

...do 

....do 

....do  

...do 

...do 

....do 

....do 

....do  

...do 

...do  

..  do 

....do  

....do  

....do 

....do  

....do  

...do 

Delaware  river 

....do 

....do  

...do 

....do 

...do 

...do  

....do 

...do 

...do 

...do 

..  do 

..  do 

...do 

...do 

..do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 

Lackawaxen  river . 

...do 

-..do 

...do 

...do 

...do 

...do  

.-.do , 

...do 

...do 

--.do  

...do  

...do , , 

...do 


Slate. 


PenDaylvauia . 


..do  . 
..do. 
..do  . 
..do  . 
-do  . 
..do. 
..do. 
..do  . 
..do  . 
..do. 
..do  . 
..do. 
..do  . 
..do. 
.  .do  . 
..do  . 
..d». 
..do. 
..do  . 
..do  . 
.  do. 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
do  . 
.  do  . 

.do  . 

.do. 

.do  . 

.do. 
..do. 

.do. 

.do  . 

.do. 


..do  . 
-  do. 
..do. 
-do. 
-.do. 
..do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 

.do  . 

.do  . 

.do. 

.do  . 
.do  . 
.do  . 

.do  . 

.do. 

.do. 


County. 


Carbon 

...do 

..  do 

Schuylkill  .... 

...do 

...do 

Northampton  . 
...do 


...do 

...do  

....do 

...do 

Berks  

...do    

Lehigh 

...do 

..  do 

...do  

..do 

....do  

...do  

...do 

.--.do  

....do 

..-.do  

Northampton . 

....do 

.--.do  

.--.do 

....do 

...do  

..-.do 

..-.do 

....do 

.--.do 

Monroe 

...do  

.---do 

....do 

...do 

...do 

...do 

...do 

...do  

.--.do 

...do 

...do 

...do 

..-.do 

...do    

...do 

....do ,. 

Pike 

AVayne 

...do 

...do 

...do 

...do  

--.do 

...do 

...do 

Pike 

...do 

...do 

...do 

"Wayne 


Kind  of  mill  or  manufacture. 


Fertilizers 

Saw  

Flouring  and  grist 

Saw 

Leather 

Flouring  and  grist 

Agricultural  implements 

Hardware 

Maohinery 

Slate 

Flouring  and  grist 

Saw 

Flouring  and  grifit 

Leathrr 

Agricultural  implements. 

Carria;::e  materials 

Fertilizers 

Foandery 

Flouring  and  grist 

Cooperage    

Leather 

Saw 

ilaohinery 

Mantels,  slates,  etc 

Water.works 

Agricultural  implements 

Fire-arms 

Planing 

Marble  and  stone  work . . 

Paint 

Slate 

"Wheelwrighting 

Flouring  and  grist 

Leather 

Saw 

Fertilizers 

Machinery 

Leather 

Flouring  undgrist 

Saw 

Woolen 

Agricultural  implements 

Blacksmithing 

Carriage  materials 

Emery-wheels 

Foundery 

Sporting  goods 

Slate 

Sashes,  doors,  and  blinds 

Leather 

Flouring  and  grist 

Saw 

Leather 

Agricultural  implements 

Carriage  materials  

Wooden  handles 

Saw 

Leather 

Silk 

Flouring  and  grist 

Woolen .  -  -■ 

Furniture 

Flouring  and  grist 

Leather 

Saw 

Woolen 


a 


I 

3 

o 


Feet. 
43 
221 
143 
69 
15 


53 

0 
14 
24 
676 
63 
76 

5 

6 
67 
12 
10 
974 
19 
21 
165 

7 
13 

6 
22 
16 
11 
23 

7 
47H 


432 

12 

191 

8 

4J 

13 

33 

82 


32 
10 
13 
23J 
14 
9 
24 
14 


go 
•a  P 


39 

299 

167 

45 

5 

64 

42 

8 

15 

22 

1,004 

81 

82 

0 

8 

57 

18 

16 

1,232 

1ft 

20 

170 

16- 

22 


28 
32 
40 
62 
40 
72 
2 

961 
12 

236 
12 
10 
15 
83 

155 
55 
30 
22 
30 

130 
20 
2 
35 
75 
32 


344 

679 

72 

79 

40 

40 

9 

5 

26 

25 

16 

25 

152 

(I)  644 

15 

75 

56 

52 

140 

10 

10 

9 

20 

14 

25 

16 

40 

92 

163 

38 

72 

637 
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stream. 


Tributary  to  what. 


State. 


County. 


Kind  of  mill  or  manufactnre. 


I 


o   . 

■^  n 

•3  0 


Other  tributaries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do ; 

Do : 

Do 

Do 

Do 

■  Neversink  river 

Do 

Do 

Do 

Do 

Do 

Mongaup  creek 

Do 

Do 

Do 

Do 

•Callicoon  creek 

Pepacton  river,  or  East  branch  of . 

Do , 

Do '. 

Do 

Do 

Do 

Beaver  kill 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  of- 

Do 

Do 

Do ,.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do :..... 

Do , 

Do  

Do 

Do 

Do 

Do 

Do..., 

Do 

Do 

Do 

Do 

Do 

638 


Lackawaxen  river.  - . 

...do.... 

....do  

...do  

...do 

....do  

Delaware  river 

....do  

....do 

...do :....:.. 

...do  

....do 

....do 

....do  

....do 

...do 

...do 

....do 

....do  

...do 

...do 

...do 

-...do  

....do  

...do 

...do  

...do  

....do 

....do 

....do 

...do 

...do 

....do  

..do 

...do 

....do  

Pepacton  river 

....do  

....do  

...  do 

...do 

...do  

...do  

...do  

...do  

....do  

...do 

...do  

...do 

...do  

...do  

...do  ....' , 

...do 

...do  

...do 

...do  

Delaware  river  : 

...do 

...do 

...do 

...do 

...do  .  — , 

...do 

...do  

...do 

...do  

...do 


Pennsylvania . 

...do  

...do 

...do 

...do  

...do  

....do  

..  do 

...do  

...do  

...do... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Kew  York 

...do 

..  do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

..  do.... , 

...do  

...do  

...do , 

...do 

...do 

..  do 

...do , 

..do 

..  do , 

...do 

...do 

...do  

...do 

...do  

..  do 

..  do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

..do 

..  do 

...do 

...do 

...do  

...do 

...do  

...do 


Wayne 

....do  

...do 

....do  

...do 

Lackawanna. 

Pike 

....do  

....do  

....do  

..-.do  

Wayne 

...do  

...do  

...  do  

...do 

...do 

...do  

Ulster' 

....do 

....do 

....do 

Sullivan 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Delaware ., 

...do 

..  do 

...do 

...do 

Greene 

Sullivan 

...do 

...do  

...do  

Ulster 

...do 

Sullivan 

...do 

...do 

...do 

...do 

Delaware 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do    

Orange  

...do 

...do  

...do 

...do 

..do 

...do 

Sullivan 

...do 

..do 

...do 


Wheelwrighting 

Cutlery 

Saw 

Leather 

Mouring  and  grist 

Saw 

Agricultural  implements 

Carriage  materials 

Flouring  and  grist 

Leather 

Saw 

Dmgs  and  chemicals 

Furniture 

"Wooden  handles 

Toys 

Saw 

Leather 

Flouring  andgrist 

Saw 

Leather 

Wooden  ware •. 

Furniture 

Saw 

Leather 

Saw 

Leather 

Wooden  ware , 

Woolen 

Flouring  and  grist , 

Saw , 

Woolen , 

Cooperage , 

Foundery 

Flouring  and  grist 

Saw , 

— do > 

...do : 

Leather 

Wooden  ware 

Flouring  and  grist , 

Saw 

Wooden  ware 

Saw 

Leather 

Wood-turning 

Wooden  ware  

Flouriug  and  grist , 

Woolen 

Agricultural  implements 

Drugs  and  chemicals    

Flouring  and  grist 

Saw  

Leather 

Planing 

Machinery 

Sashes,  doors,  and  blinds  . . . 

Plauinjj  

Plaster  

Sashes,  doors,  and  blinds  . . 

Carriage  materials 

Flouring  and  grist  

Furniture 

Saw 

...do 

Leather 

Wheelbarrows 

Wood  turning 


2 
1 

27 
4 

16 
3 
1 
2 
5 


32 
3 
4 
6 
1 
3 
1 
4 
1 

10 
1 
1 
1 
4 
3 
1 
1 
1 
3 
4 
2 
4 
2 
1 
1 
1 
1 
7 
2 
1 
1 
1 
1 
1 
1 
8 

46 
4 
1 
3 
2 
1 
1 
1 
1 
4 
1 
1 

36 
2 
1 
2 


Feet. 

29 

20 
325+ 

70 
275 

46 

13 

38 
109 

36 

10 
10 
14 
14 
605 

73 

72 

15 

46 

16 

38 

16 
125 

17 

14 

10 

56 

51 
4 
3i 
4 

34 

38 


18 
10 
9 
29 
20 
64 
•  28 
11 
27 
18 
14 
18 

126 
650 

21 
49 
18 
28 
18 
29 
18 
78 

14 
674 
26 
22 
26 


50 

700 

118 

672 

185 
18 
20 

113 
29 

157 

8 

7 

35 

35 

1,038 

68 

83 

13S 
30 

120 
8 

100 
SO 

182 

8 

20 

18 

123 

69 

7 

« 

10 

60 

(!)105 

64 

80 

124 
30 
32 
60 
30 

251 

116 
24 
30 
25 
6 
6 
8 

190 
1,200 
67 
10 
24 
14 
20 
25 
40 
SO 

110 
19 
25 

708 
40 
40 
43 
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stream. 


Other  tributaries  of. . 

Do 

Do 

Do 

Do 

Do ■- 

■West  branch  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 


Tributary  to  what. 


Delaware  river  . 
..  do 


.  do  . 
..do  . 
..do'. 
..do. 
..do  . 
..do  . 
..do  . 
..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 

do  . 
.do  . 
.  do  - 

do. 

do  . 

do  . 

do  . 

do  - 

do  . 


State. 


N"ew  Torlc . 

...do 

...do 

...do 

...do 

...  do 

...do 

...do 

...do 

...  do 

...do 

...do 

...do  

...do  

...do 

...do  

..  do 

...do 

...do  

...do 

...do  

...do 

...do 

...do 

..  do 

...do 


County. 


SolliTan . . 

..  do 

....do 

...do 

...do 

Delaware . 

...do 

...do 

...do 

....do 

...do 

...do 

...do 

...do 

...do  ....'. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Broome . . . 


Kind  of  mill  or  manufacture. 


Cooperage 

Excelsior 

Furniture 

Paper 

Flouring  and  grist 

Saw 

■Woolen 

Agricultural  implements 

Cooperage  

Cutlery 

Furniture 

Hardware 

Flouring  and  grist 

Saw 

Leather 

Machinery 

"Wooden  ware 

"Woolen  

Carriage 

Cooperage 

Drugs  and  chemicals 

"Furniture  

Flouring  and  grist 

Saw 

Leather 

Flouring  and  grist 


1 
2 
1 
1 
18 


1 
2 
1 
1 
1 
6 
9 
2 
1 
1 
1 
1 
2 
1 
2 
11 
20 
2 
1 


5 

o 


Feet. 

9 
41 
10 
18 
351 
34+ 
28 
11 
17 

5 
11 

3 
72 
84 
26 
19 

6 
20 
18 
17 

2 

198 
312 


16 

80 

10 

15 

503 

72 

34 

5 

7 

8 

3 

8 

188 

117 

25 

11 

6 

26 

20 

13 

8 

(?)22 

336 

431 

35 

45 


VIIL— THE  COAST  STREAMS  OF  NEW  JERSEY. 

Under  this  head  Tvill  be  considered  the  remaining  streams  in  the  district  assigned  to  me,  comprising  all  those 
flowing  into  the  Atlantic  ocean  from  the  state  of  New  Jersey,  or  between  cape  May  and  the  Hudson  river.  Of  these 
streams,  those  draining  the  southern  part  of  the  state  difier  considerably  in  character  from  those  draining  the 
northern  part;  and  to  understand  clearly  the  cause  and  the  nature  of  this  difference,  it  will  be  necessary  to  consider 
for  a  moment  the  general  features  of  the  topography  and  geology  of  the  state.  In  the  introduction  to  this  report 
attention  has  already  been  called  to  the  fact  that  the  system  of  the  Alleghanies  approaches  very  near  the  coast  in 
northern  New  Jersey,  so  that  the  Atlantic  plain,  which  bounds  that  system  on  the  east,  lying  between  it  and  the 
ocean,  although  some  60  miles  -svide  in  New  England,  and  very  much  wider  south  of  the  state  of  Pennsylvania, 
almost  vanishes  near  the  month  of  the  Hudson.  Of  the  three  divisions  into  which  the  Atlantic  water-shed  may  be 
divided,  namely,  the  mountainous  or  western,  the  middle,  and  the  eastern,  and  which  are  so  well  marked  in  the 
southern  states,  the  eastern  almost  disappears  in  the  northern  part  of  New  Jersey,  and  the  middle  one  is  reduced 
to  a  narrow  strip,  averaging  only  20  miles  in  width  through  tbe  state,  from  the  Hudson  to  the  Delaware,  so  that 
the  mountain  region,  although  not  so  high  or  so  broken  as  toward  the  south  or  the  north,  borders  almost  on  the 
coast.  Extending  across  the  state  from  northeast  to  southwest,  and  including  all  the  northern  and  northwestern 
part  of  the  state,  it  is  separated  from  the  coast  by  the  nariow  middle  region  just  referred  to,  and,  beyond  the  fall- 
line,  by  a  plain  belonging  to  the  eastern  division,  varying  in  width  from  nothing  at  the  north  to  50  or  CO  miles  at 
the  south,  and  including  all  the  southern  and  southeastern  part  of  the  state.  But,  as  has  already  been  remarked 
in  the  introduction,  this  eastern  division  is  not  by  any  means  so  low  and  flat  as  the  eastern  division  in  the  southern 
states.  On  the  contrary,  the  divide  which  lies  in  that  division,  and  forms  the  water-shed  between  the  streams 
flowing  directly  to  the  ocean,  and  those  tributary  to  the  Delaware  river,  has  an  average  ek'\'ation  of  from  IGO  to 
190  feet,  and  lies  at  a  distance  from  the  sea  of  from  20  to  40  miles  only,  so  that  the  slope  toward  the  ocean  is  between 
4  and  7  or  8  feet  per  mile.  As  we  cross  the  state  from  south  to  north,  then,  we  encounter  first  a  comparatively  level 
or  gently  sloping  plain,  covering  the  entire  southern  part  of  the  state;  then  we  cross  the  fall-line,  and  after  passing 
over  the  middle  region  we  come  to  the  Appalachian  chain,  with  its  broad  belt  or  series  of  ridges,  which  cross  the  state 
from  southwest  to  northeast,  and  occupy  all  its  northern  and  northwestern  parts.  The  boundaries  of  these  three 
divisions  may  be  indicated  approximately  as  follows:     The  fall-line,  which  forms  the  boundary  between  the  eastern 

and  the  middle  division,  lies  almost  in  a  straight  line  between  Trenton  and  Jersey  City,  while  the  boundary  between. 
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the  middle  and  western  divisions  is  the  first  range  of  hills  which  we  may  consider  to  belong  to  the  latter,  namely,  that 
formed  by  Mine  mountain,  Trowbridge  mountain,  Stony  Brook  mountain,  and  Eamapo  mountain.  Geologically, 
the  eastern  division  belongs  to  the  Tertiary  and  Cretaceous  formations,  and  the  soil  is  sand,  gravel,  clay,  and  marl; 
the  middle  division  is  Triassic,  the  rocks  being  red  sandstone,  but  intercepted  by  numerous  trap  ridges,  whose 
general  direction  is  nearly  northeast  and  southwest;  and  the  western  division  belongs  to  the  Azoic  and  Paleozoic 
formations.  The  difference  between  the  northern  and  the  southern  streams  is  now  easily  understood.  The  former 
have  considerable  fall,  and  although  their  declivities  are  often  uniform  on  account  of  the  large  masses  of  drift 
through  which  their  courses  lie,  yet,  where  they  cross  the  trap  ridges,  and  the  outcrop  of  other  hard  rocks,  they 
sometimes  show  concentrated  falls  of  considerable  magnitude.  The  southern  streams,  on  the  contrary,  belong,  to  a 
certain  extent,  to  the  class  of  sand-hill  streams;  they  have  no  precipitous  falls,  they  flow  with  uniform  declivities  in 
beds  of  sand  and  gravel,  and  in  general  they  flow  directly  down  hill  by  the  line  of  steepest  descent,  nearly  at  right 
angles  to  the  coast,  their  courses  being  independent  of  geological  configuration,  and  their  beds  being  simply  channels 
scooped  out  in  the  movable  deposits  in  which  they  lie.  As  the  characteristics  of  the  sand-hill  streams  will  be 
fully  explained  when  speaking  of  some  tributaries  of  the  Cape  Fear,  it  is  unnecessary  to  refer  to  them  here  in 
detail;  but  the  most  important  facts  are  that  their  flow  is  very  constant,  and  that  the  topography  of  the  region 
which  they  drain  is  favorable  to  storage,  so  that  large  reservoirs  can  be  formed,  and  the  power  available  very  largely 
increased  in  that  way. 

In  order  to  understand  clearly  the  character  of  the  more  northern  streams,  the  topography  of  the  western  and 
middle  divisions  must  be  described  rather  more  at  length.  That  part  of  the  Appalachian  chain  which  lies  in  Kew 
Jersey  consists  of  two  principal  ranges,  the  Blue  or  Kittatinny  Mountain  and  the  Highland  range.  The  former, 
known  in  New  York  as  the  Shawangunk,  and  in  Pennsylvania  as  the  Kittatinny  Mountain,  extends  in  an  almost 
unbroken  ridge  from  the  New  York  state  line  to  the  Delaware  water-gap,  and  is  the  highest  land  in  the  state, 
varying  from  about  900  to  1,800  feet  in  height.  The  Highland  range,  on  the  contrary,  "  is  composed  of  a  great 
number  of  mountain  ridges,  and  while  it  occupies  a  belt  of  country  22  miles  wide  on  the  New  York  state  line,  and 
10  miles  wide  on  the  Delaware,  it  really  includes  no  long,  unbroken  ridges,  except  the  Green  Pond  mountain  range; 
and  the  subordinate  ridges  of  which  it  is  composed  are  not  really  in  line  with  each  other,  nor  are  their  axes  parallel 
to  the  direction  of  the  main  range,  but  are  somewhat  oblique  to  it,  so  that  if  the  direction  of  the  range  is  northeast, 
that  of  these  ridges  would  be  about  north-northeast.  The  effect  of  this  peculiar  arrangement  is  to  make  it  possible 
to  cross  frgm  one  side  of  the  range  to  the  other  in  a  north-northeast  direction  without  surmounting  any  considerable 
elevation,  while  it  is  impossible  to  cross  it  from  southeast  to  northwest  without  rising  over  a  succession  of  steep 
and  high  mountain  ridges".  The  range  is  lowest  at  the  Delaware,  and  gradually  rises  toward  the  New  York  state 
line,  its  highest  point  being  1,488  feet  above  the  sea.  The  ranges  vary  greatly  in  surface,  but  are  much  smoother 
and  more  rounded  in  outline  than  the  Kittatinny  Mountain ;  and  while  many  are  deeply  covered  with  earth,  others 
are  of  loose  stone  or  bare  rock.  The  existence  of  these  ridges,  parallel  but  not  continuous,  serves  in  many  cases  to 
explain  the  courses  of  the  rivers,  often  very  crooked. 

The  middle  region,  or  red-sandstone  district,  "  like  that  of  Massachusetts  and  Connecticut,  as  well  as  those  of 
New  York  and  Pennsylvania,  is  traversed  by  various  and  irregularly-distributed  ridges  of  trap-rock.  These  rough, 
rocky,  and  wooded  ridges  are  remarkable  from  their  occurrence  in  the  midst  of  a  rich,  highly  cultivated,  and 
productive  agricultural  district.  The  principal  of  these  ridges  are,  Sourland  mountain,  in  Hunterdon  and  Somerset 
counties;  Eocky  Hill,  in  Somerset;  Eound  Valley  mountain,  in  Hunterdon;  Bergen  hill  and  Palisade  mountain, 
in  Hudson  and  Bergen  counties,  and  the  First,  Second,  and  Third  mountains,  which  form  the  long,  narrow,  and 
parallel  ridges  that  rise  in  Somerset  and  run  across  Union,  Essex,  Morris,  Passaic,  and  Bergen  counties.  They 
are  rough  in  outline,  very  abrupt  in  their  descent  toward  the  southeast,  and  gentle  in  their  slope  toward  the 
north  west  ".(a)  Being  composed  of  hard  and  durable  rock,  occurring  in  the  midst  of  the  soft  red  sandstone,  they  are 
of  great  importance  as  regards  the  water-power  of  the  streams  which  cross  them,  and  many  of  the  large  falls  are 
due  to  them. 

In  the  southern  hall'  of  the  state,  below  the  fall-line,  there  are  no  rocky  eminences,  and  the  rounded  hills  are 
all  of  earth. 

The  valleys  between  the  ranges  of  mountains  iu  the  northern  half  of  the  state  are  covered,  and  in  some  places 
to  a  considerable  depth,  with  beds  of  drift,  through  which  the  rivers  have  cut  out  their  channels,  reaching,  in  places, 
the  rock.  The  valleys  offer  in  many  places  sites  for  the  construction  of  storage  reservoirs,  although  the  topography 
is  not  particuliulj'  favorable  iu  this  respect;  but  the  flow  of  the  streams  is  to  a  certain  extent  regulated  by  the 
numerous  lakes  and  ponds  already  existing. 

These  remarks  and  quotations  will  serve  to  give  a  general  idea  of  the  topography  of  the  country;  and  we 
now  proceed  to  consider  in  detail  the  various  streams  flowinjf  into  the  Atlantic,  begiuning  at  the  south.  Eegarding 
those  lying  below  the  fall-line,  there  is  little  to  be  said  except  to  refer  to  the  powers  utilized.  These  declivities  being 
uniform  as  a  rule,  there  are  no  falls  of  note,  and  no  sites  can  be  specially  mentioned,  except  a  few  which  have  at 
some  time  been  utilized,  and  where'it  is  therefore  known  that  power  can  be  obtained.  Dams  are  always  necessary, 
of  course,  and,  generally,  only  s-nall  falls  can  be  utilized. 

o  Tlie  quotations  above  are  from  Professor  Cook's  Report  on  the  Geology  of  New  Jersey,  to  which  I  am  greatly  Indebted. 
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The  first  impoitsint  stream  is  the  Great  Egg  Harbor  river,  which  takes  its  rise  in  the  southern  part  of  Camden 
«ouuty,  flows  in  a  southeasterly  direction,  forming  for  a  short  diskince  the  boundary  between  Camden  and 
Gloucester  counties,  and  afterward  flowing  through  Atlantic  county  into  Egg  harbor,  an  inlet  of  the  ocean.  Its 
length  is  41  miles,  and  it  drains  a  total  area  of  4:135  square  miles,  lying  entirely  below  the  fall-line.  It  is  tidal  and 
navigable  as  far  as  the  town  of  May's  Lauding,  about  15  miles  from  the  ocean,  at  which  place  occurs  the  first 
power  on  the  river.  Above  this  point  the  stream  is  utilized  to  a  considerable  extent,  the  bed  is  sand  and  gravel, 
the  banks  are  generally  low  but  seldom  overflowed,  the  declivity  is  gradual,  and  the  ponds  are  large.  No  data 
regarding  its  flow  or  declivity  could  be  obtained,  except  such  as  follow  from  the  data  obtained  regarding  power 
utilized. 

The  power  at  May's  Landing  is  obtained  by  damming  the  stream  to  a  height  of  about  11  feet,  by  which  the 
water  is  ponded  over  an  area  of  about  1,000  acres  to  an  average  depth  of  10  or  11  feet,  so  that  considerable  storage 
is  afforded.  The  dam  is  of  earth,  about  12  or  13  feet  high,  and  crosses  the  stream  in  a  broken  line,  with  a  total 
length  of  about  1,000  feet.  Near  the  center  is  a  stone  overfall,  about  125  feet  long  (not  included  in  length  of  dam) 
and  11  feet  high.  The  dam  was  first  built  many  years  ago,  but  was  gradually  increased  in  height  in  order  to  obtain 
a  larger  pond.  Although  the  stream  is  not  subject  to  very  heavy  freshets,  nevertheless  there  was  one  on  September 
15,  1878,  of  such  violence  as  to  wash  out  the  dam  almost  completely,  carrying  away  two-thirds  of  the  earthen  dam 
and  the  entire  stone  dam,  and  causing  an  amount  of  damage  estimated  at  $13,000.  The  mills  were  not  injured.  In 
1879  the  dam  was  rebuilt  more  solidly  than  before,  but  the  effect  of  the  freshet  in  washing  out  the  old  dam  was  to 
fill  up  the  bed  of  the  river  below,  so  that  vessels  of  6  or  7  feet  draught,  which  could  previously  come  up  almost  to 
the  railroad  bridge,  were  obliged  to  land  half  a  mile  or  so  farther  down.  The  race  leading  to  the  wheels  is  about 
500  feet  long,  40  feet  wide,  and  10  feet  deep,  and  the  fall  u  sed  is  about  llj  feet,  with  a  power  of  120  horse-power 
utilized.  This  power  can  be  obtained  all  the  time,  the  mill  being  run  sixty-four  hours  a  week  and  no  steam-power 
being  used.  In  fact,  there  is  always  a  little  waste  in  summer  at  night.  The  power  is  owned  by  the  May's  Landing 
Water  Power  Company,  but  at  present  no  power  is  leased  to  other  parties,  all  that  is  used  being  for  the  cotton-mill 
of  the  company.  In  regard  to  the  dam,  it  should  further  be  mentioned  that  the  stone  overfall  is  founded  on  piles, 
and  that  the  bed  of  the  stream  in  front  of  it  is  protected  by  an  apron.(a) 

The  drainage  area  above  May's  Landing  is  about  190  square  miles.  If  we  take  the  gross  power  utilized  as  180 
horsepower,  with  a  fall  of  llj  feet,  we  find  the  flow  to  be  about  140  cubic  feet  per  second,  or  about  three-quarters 
of  a  cubic  foot  per  second  per  square  mile.  As  this  can  be  obtained  all  the  time  and  with  always  some  -little  waste 
in  the.  dry  season  during  the  night,  it  is  reasonable  to  conclude  that  the  low-season  flow  is  in  the  neighborhood  of 
half  a  cubic  foot  per  second  per  square  mile ;  so  that  we  may  perhaps  take  the  flow  of  the  sand-hill  streams  of 
New  Jersey  as  varying  between  half  a  cubic  foot  and  one  cubic  foot  per  second  per  square  mile,  or  the  same  as  in 
the  case  of  the  sand-hill  streams  in  the  southern  states  (see  pages  61,  62,  84,  85,  97,  and  132  of  the  report  on  the 
southern  Atlantic  water-shed). 

The  next  power,  as  the  river  is  ascended,  is  at  Weymouth,  5  miles  above  May's  Landing,  measured  in  a  straight 
line,  at  which  place  there  is  a  paper-mill,  using  about  80  horse-power,  with  a  fall  of  10  feet,  together  with  a  saw- 
mill, all  from  one  dam.    Details  regarding  the  power  could  not  be  obtained. 

Above  this  point  there  is  said  to  be  no  utilized  power  of  much  consequence  on  the  stream,  although  there  are 
a  few  small  mills  scattered  about  on  the  various  tributaries.  The  table  on  pages  137  to  140  gives  the  statistics  of 
power  utilized. 

It  would  doubtless  be  possible  to  develop  power  at  some  points  of  the  stream  and  on  the  tributaries,  but  no 
particularly  good  sites  were  heard  of.  On  Babcock's  creek,  a  small  tributary  entering  at  May's  Landing,  there  is 
a  site  near  the  mouth,  formerly  in  use  by  a  grist-  and  saw-mill,  but  now  idle ;  and  there  are  no  doubt  other  similar 
ones,  but  to  locate  and  judge  of  them  more  extended  surveys  would  of  course  be  required. 

The  mills  in  this  neighborhood  are  troubled  little  with  ice  or  freshets,  and  the  supply  of  water  is  comparatively 
constant. 

The  next  stream  requiring  special  mention  is  Little  Egg  Harbor  or  MuUicas  river,  which  is  formed  on  the 
line  between  Atlantic  and  Burlington  counties  by  the  union  of  several  smaller  streams,  whence  it  pursues  a 
southeasterly  course,  emptying  into  Great  Harbor  river.  It  drains  a  total  area  of  476  square  miles,  and  its  length, 
measured  from  its  mouth  to  its  sources  (not  to  the  junction  of  the  streams  just  referred  to),  is  about  42  miles. 
There  is  no  power  on  the  main  stream,  but  on  nearly  all  of  the  tributaries  there  are  mills,  and  the  power  is  considered 
good.  Although  small,  these  streams  are  capable  of  affording  large  amounts  of  power  on  account  of  the  large 
storage-room  obtained,  but  only  a  few  scattered  notes  could  be  gathered  regarding  them  with  the  time  at  disposal. 
Wading  river,  the  first  important  tributary,  enters  from  the  north,  is  about  28  miles  long,  and  drains  a  total  area  of 
140  or  more  square  miles.  Its  most  important  power  is  at  Harrisville,  on  the  East  branch,  where  there  is  a  paper- 
mill  using  a  fall  of  about  12  feet  and  about  140  horse-j)ower.  A  large  pond  is  formed,  so  that  considerable  storage 
is  obtained.  It  is  also  said  that  the  West  branch  of  the  stream,  which  naturally  flows  into  the  river  below  the  dam, 
is  brought  in  above,  being  intercepted  by  a  canal.    The  stream  is  navigable  up  to  within  a  few  miles  of  this  place. 

a  The  abstracts  of  power  used  in  cotton-mills,  complied  from  the  census  returns,  give  the  fall  at  this  place  as  9  feet,  and  the 
power  as  170  horse-power.  . 

1012  W  P— VOL  16 41  "5*^ 


124  WATER-POWER  OF  THE  UNITED  STATES. 

A  few  miles  above  Harrisville,  on  the  East  brancli,  there  is  a  site,  now  unoccupied,  where  there  was  formerly 
a  furnace  and  a  saw-mill,  said  to  have  used  a  fall  of  8  feet.  Above  this  no  sites  were  heard  of,  although  it  i& 
probable  that  power  could  be  obtained  there.  On  the  West  branch  there  are  several  mills  and  some  sites  not 
used,  one  at  Speedwell,  where  there  was  formerly  an  iron  furnace,  with  a  fall  of  7  feet  or  so,  and  some  others  below 
that  place.     It  is  said  that  all  the  mills  in  this  vicinity  can  run  at  full  capacity  all  the  year. 

The  two  principal  streams  which  go  to  form  the  Little  Egg  Harbor  river  are  the  Batsto  and  the  Atsion  river,  which 
unite  about  6  miles  north  of  Egg  Harbor  city.  Batsto  river,  the  more  northerly  of  the  two,  has  a  length  of  about 
18  miles  and  drains  an  area  of  some  70  square  miles.  The  first  power  is  at  Batsto,  now  not  in  use,  but  formerly 
used  by  iron- works,  and  a  saw-  and  grist-mill.  The  fall  is  stated  at  about  10  feet  and  the  power  is  considered  the 
best  in  the  ricinity.  Farther  up  the  stream,  at  the  Lower  Forge,  is  another  site  not  in  use,  and  still  farther  up 
others  can  be  developed.  All  the  dams  on  these  streams  are  of  earth,  and  they  are  seldom  disturbed  by  freshets. 
The  Atsion  river,  which  rises  in  Camden  and  Burlington  counties  and  forms  for  its  entire  length  the  boundary  line 
between  Camden  and  Atlantic  on  the  south  and  Burlington  on  the  north,  is  considerably  larger  than  the  Batsto 
river,  draining  somewhere  about  150  square  miles.  The  first  power  is  said  to  be  about  2  miles  below  the  town  of 
Atsion,  where  there  was  once  a  mill  using  a  fall  of  7  feet.  At  Atsion  we  come  to  the  first  utilized  power — the 
Atsion  cotton-mill.  The  dam,  which  is  of  earth,  600  or  700  feet  long  and  10  or  12  feet  high,  ponds  the  water  over 
a  hundred  or  more  acres,  and  the  fall  used  is  11  feet.  The  power  is  stated  at  130  horse-power,  but  this  can  be 
obtained  during  only  eleven  months,  even  by  drawing  down  the  water  in  the  pond  during  the  day-time,  the 
capacity  during  the  remaining  month  being  about  100  horse-power.  In  addition  to  the  factory  a  small  grist  mill 
and  a  saw-mill  are  run  occasionally.  No  steam  is  used  for  power,  and  in  very  dry  weather  the  mill  is  sometimes 
obliged  to  stop.  It  is  said  that  the  pond  is  connected  by  a  canal  with  the  Mechesatauxen  river,  a  stream  flowing 
nearly  parallel  with  the  Atsion,  and  joining  it  at  a  distance  of  8  or  10  miles  below,  so  that  au  additional  supply  of 
water  is  obtained  in  this  way.    Above  this  place  there  are  only  very  small  powers  on  the  stream. 

Some  of  the  tributaries  of  Atsion  river  have  small  mills,  but  none  are  large  enough  to  merit  special  description. 

The  next  stream  above  Little  Egg  Harbor  river-  is  Cedar  creek,  which  is  20  miles  long  and  drains  70  square 
miles.  The  next  is  Tom's  river,  a  larger  stream,  about  30  miles  long  and  draining  about  150  square  miles  above 
the  village  of  Tom's  River,  and  with  some  power  utilized  and  probably  some  undeveloped.  The  next  is  the 
Metedeconk  river,  about  23  miles  long,  and  draining  about  100  square  miles.  This  stream  has  two  branches  which 
join  about  3  miles  below  Bricksburg,  and  below  the  junction  there  is  no  power  worth  mentioning,  the  tide  coming 
up  to  within  a  mile  or  so  of  that  point;  but  there  was  once  a  forge  just  above  the  head  of  tide-water,  with  a  fall  of 
about  9  feet,  it  is  said.  On  the  North  branch  there  are  a  few  small  grist-  and  saw-mills,  but  the  stream  is  said  to 
be  not  so  constant  as  the  South  branch.  On  the  latter  there  are  several  powers.  About  2miles  below  Bricksburg 
there  was  once  a  saw-mill,  now  not  in  use,  and  at  Bricksburg  is  the  best  site  on  the  stream.  It  was  used  until 
within  a  few  years  by  a  machine-shop,  foundery,  blacksmith- shop,  and  saw-mill,  and  the  dam  is  still  in  good 
condition.  It  is  of  earth,  about  a  quarter  of  a  mile  long  and  10  feet  high,  serving  at  the  same  time  as  a  wagon- 
road.  The  overfall  is  about  20  feet  long,  and  the  pond  covers  probably  20  acres.  The  fall  was  about  9  feet,  and 
it  was  stated  that  the  flow  is  remarkably  constant.  There  is  some  power  on  the  stream  above  this,  but  it  is 
not  important.  In  fact,  the  drainage  area  above  Lakewood  is  in  the  neighborhood  of  only  25  square  miles;  so  that 
the  power  at  that  jjlace  would  presumably  not  exceed  3  or  4  horse-power  per  foot  fall  in  very  dry  seasons,  even  if 
the  water  were  stored  during  the  night. 

There  are  no  other  streams  worth  mentioning  south  of  the  Raritan,  so  that  those  just  described,  together  witb 
the  lower  tributaries  of  the  Delaware,  comprise  all  the  streams  in  the  eastern  division  in  the  state.  The  rainfall 
over  all  this  region  is  about  48  or  50  inches,  of  which  about  12  inches  fall  in  each  season. 

We  now  come  to  the  streams  which  lie  principally  in  the  middle  and  western  divisions,  not  belonging  to  the 
class  of  sand-hill  streams. 

THE  RAKITAN  IIIVEB. 

This  stream,  the  largest  in  the  state,  is  formed  by  the  union  of  two  branches,  the  North  branch  and  the  South, 
branch,  which  unite  in  Somerset  county,  whence  the  stream  pursues  a  general  easterly  course,  passing  into  Middlesex 
county,  flowing  past  the  city  of  New  Brunswick,  the  most  important  city  on  the  stream,  and  emptying  into  Karitan 
bay  at  the  southern  extremity  of  Staten  island.  The  ojily  important  towns  by  which  it  flows,  above  New 
Brunswick,  are  Bound  Brook,  Somerville,  and  Raritan.  The  length  of  the  river  from  the  junction  of  its  forks  to 
its  mouth  at  Perth  Amboy  is  abouf22  miles  in  a  straight  line.  The  total  length  of  the  stream  (probably  from  its- 
headwaters)  is  given  by  Professor  Cook  as  80  miles.  Its  total  drainage  area  is  between  1,000  and  1,100  square 
miles,  distributed  nearly  as  follows  among  its  principal  tributaries: 

Sgnare  miles. 

North  branch  (length,  30  miles) 180 

South  branch  (length,  50  miles) 280 

Millstone  river,  from  the  south  (length,  35  miles) 250 

Green  brook,  from  the  north  (length,  15  miles) 63 

South  river,  from  the  south  (length,  .30  miles) 122 
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The  total  drainage  area  above  New  Brunswick,  whicli  is  at  the  head  of  navigation  and  of  tide-water,  and  one 
terminus  of  the  Delaware  and  Earitan  canal,  is  about  850  square  miles. 

The  sources  of  the  Earitan  lie  in  what  we  have  called  the  western  division.  The  South  branch  takes  its  rise 
in  Budd's  lake,  a  beautiful  and  nearly  circular  sheet  of  water  lying  in  the  highest  part  of  the  Highlands,  at  a 
height  above  the  sea  of  somewhere  about  900  feet  and  measuring  about  3J  miles  in  circumference.  Prom  this 
source  the  South  branch  pursues  a  circuitous  course,  flowing  first  toward  the  southwest,  but  gradually  bending 
to  the  east;  it  has  a  rapid  fall  and  drains  a  hilly  and  broken  country.  The  North  brajuch  rises  on  the  Succasunuy 
plains,  at  an  elevation  above  the  sea  of  about  725  feet,  and  is  more  sluggish  than  the  Soutb  branch,  draining  a 
more  level  country.  Prom  the  junction  of  the  two  to  the  sea  the  course  of  the  Earitan  lies  through  the  middle 
division,  and  its  fall  is  not  great,  as  the  following  table  shows: 


Table  of  declivity  of  the  Raritan  river. 


Locality. 

Dis- 
tance 
from 
mouth. 

Elevation 
above 
tide. 

Distance 
between 
poinU. 

Fall 
between 
points. 

Fall 
per  mile 
uetween 
pointa. 

Miles.  '■     Feet. 

0    i             0 

14  :         0 

Miles. 

Feel. 
0 

Feet. 

0.0 
4.2 

3.6 

2.7 

New  Bmnswick    

Bonnd  Brook,  crossing  of  Lehigh  Val- 
ley railroad. 

19                21 

1^4                   39 

\          5                21 
>           5    1            18 
\          6                16 

30 

55  ± 

The  stream  crosses  the  fall-line  a  few  miles  above  New  Brunswick,  but  the  fall  thereby  occasioned  is  not  large. 
The  first  canal-dam  of  the  Delaware  and  Earitan  canal,  which  affords  inland  water  communication  between  New 
Brunswick  and  Bordentown,  on  the  Delaware,  is  located  at  this  point,  and  will  be  referred  to  together  with  the 
power  obtained  from  it  at  New  Brunswick.  As  in  the  case  of  the  streams  as  far  south  as  the  James,  the  fall-line 
is  only  a  little  above  the  head  of  tide- water.  The  eastern  part  of  tlie  Atlantic  plain,  at  the  place  where  the  river 
crosses  it,  is  very  narrow,  and  it  sradually  disappears  toward  the  north,  while  toward  the  south  it  widens;  so  thiit 
some  of  the  southern  tributaries  of  the  Karitan  belong  to  a  certain  extent  to  the  class  of  sand-hill  streams,  and  are 
used  to  a  con.siderable  extent  for  power.  Such  are  South  river,  Lawrence  brook,  and  the  Millstone  river,  the  two 
former  emptying  below  New  Brunswick,  and  the  latter,  iilthough  emptying  some  miles  above  that  place,  with  its 
headwaters  in  the  eastern  division.  The  topography  of  the  .state  in  and  around  the  ba.sin  of  the  Earitan  is  rather 
curious.  Between  Perth  Amboy,  ou  Earitan  bay,  and  Trenton,  on  the  Delaware,  the  width  of  the  state  is  smaller 
than  anywhere  else — between  30  and  3.5  miles — yet  from  Trenton  all  the  way  u])  to  the  Mnsconetcong  valley  tlic 
ridge  or  water-shed  between  the  Earitan  and  the  Delaware  is  at  a  distance  of  only  about  9  miles  from  the  latter 
stream,  and  its  direction  is  nearly  northwest  and  southea.st,  or  parallel  to  the  Delaware  river,  instead  of  northeast 
and  southwest,  the  general  direction  of  the  water-shed  between  the  Delaware  and  the  Atlantic,  in  the  state,  both 
north  and  south  of  the  Earitan.  North  of  the  Earitan  there  are  few,  if  any,  real  sand-hill  streams,  either  in  New 
Jersey  or  in  the  New  England  states,  and  the  fall-line  borders  almo,^t  on  the  coast  in  this  whole  region. 

The  general  shape  and  dimensions  of  the  basin  of  the  Earitan,  and  the  courses  of  the  streams  referred  to,  may 
be  seen  from  the  accompanying  map.  It  will  be  noticed  that  the  course  of  the  Earitan  is  tolerably  crooked,  and 
although  the  distance  between  the  source  in  Budd's  lake  and  Perth  Amboy  is  80  miles  by  the  course  of  the  stream, 
it  is  only  36  miles  in  a  straight  line. 

With  the  exception  of  Budd's  lake,  the  source. of  the  South  branch,  there  are  no  lakes  in  the  basin  of  the 
Earitan,  and  in  this  respect  the  stream  contrasts  strongly  with  the  streams  in  the  northern  and  northwestern  parts 
of  the  state,  whose  drainage  basins  are  dotted  with  ponds.  It  is  perhaps  a  fair  conclusion  that  the  facilities  for 
storage  are  not  so  great  in  the  basin  of  the  Earitan  as  in  those  of  the  latter  streams ;  and  if  it  were  not  for  the  fact 
of  the  existence  of  the  southern  sand-hill  tributaries  of  the  river,  we  should  certainly  be  entitled  to  conclude  that  its 
flow  is  more  variable  and  its  freshets  more  severe  than  in  the  case  of  the  streams  referred  to.  Only  one  gauging, 
however,  is  at  hand  on  which  to  base  a  conclusion  in  this  respect.  It  is  to  be  remarked,  moreover,  that  the 
topography  of  the  basin  is  not  such  as  to  facilitate  a  very  rapid  discharge  of  storm-waters ;  so  that,  although  there 
are  no  lakes  to  regulate  the  flow,  it  is  not  probable  that  it  is  so  variable  as  in  the  case  of  streams  like  the  upper 
Potomac  or  James,  which  drain  narrow  and  parallel  valleys  very  favorable  to  a  sudden  discharge  of  the  rain-water. 
Nevertheless,  as  regards  those  streams  tributary  to  the  Earitan  which  do  not  lie  in  the  eastern  division,  though 
not  so  variable  in  flow  as  the  more  southerly  streams  just  referred  to,  I  think  their  flow  will  be  found  more  variable 
than  that  of  the  more  northerly  streams  of  New  Jersey.     It  is  further  to  be  noticed  that  the  rainfall  over  the  basin 


of  the  Earitan  is  about  48  inches,  distributed  as  follows :     Spring,  12  inches ;  summer,  14  inches ;  autumn,  12  inches ; 
winter,  10  inches.     This  distribution,  according  to  the  discussion  in  the  introduction  to  the  report  on  the  southern 
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Atlantic  water-shed,  is  very  favorable  for  constancy  of  flow;  and  although,  on  account  of  the  comparatively  small 
size  of  the  drainage  basin,  the  absolute  minimum  flow  may  reach  a  tolerably  lo^  figure,  it  is  hardly  to  be  expected 
that  the  average  flow  during  the  driest  season  should  do  so.    These  facts  have  been  borne  in  mind  in  estimating 

the  power. 

The  bed  of  the  stream  is  in  places  rock,  but  generally  it  is  a  deposit  of  gravel  and  sand.  The  drift  deposits, 
however,  do  not  seem  to  be  so  extensive  as  on  the  Passaic  and  its  tributaries.  The  facilities  for  dams  are  no  doubt 
good,  especially  in  the  upper  part  of  the  basin.  Although  there  are  some  bottoms  subject  to  overflow,  they  do  not 
seem  to  be  extensive,  and  on  the  upper  part  of  the  North  and  South  branches  they  are  few  in  number. 

The  stream  is  very  favorably  situated  as  regards  accessibility,  it  being  comparatively  easy  to  reach  almost  any 
part  of  its  basin.  Below  the  junction  of  the  two  forks  the  stream  is  within  easy  reach  from  several  railroads,  and 
up  to  the  mouth  of  the  Millstone  it  is  closely  followed  by  the  canal.  The  portion  of  the  basin  drained  by  the  North 
branch  is  the  least  accessible  of  any,  but  it  will  be  seen  that  the  water-power  of  this  stream  is  not  of  very  great 
importance. 

As  the  river  is  ascended,  the  first  dam  we  meet  is  that  of  the  Delaware  and  Earitan  canal,  situated  about  5 
miles  above  New  Brunswick,  and  supplying  the  lower  level  of  the  canal  with  water.  This  dam,  and  that  at  Bull's 
falls  on  the  Delaware,  at  the  head  of  the  feeder-canal,  are  the  only  dams  by  which  the  canal  is  supplied,  so  that 
the  water  from  the  Delaware  river  literally  flows  through  the  canal  over  the  water-shed  between  that  river  and  the 
Earitan,  the  highest  point  of  the  canal  being  only  67  feet  above  tide,  this  being  the  lowest  point  in  the  water-shed 
separating  the  Delaware  from  the  ocean.  South  of  the  summit  of  the  canal  the  height  of  the  water-shed  increases 
to  200  feet,  and  preserves  this  elevation  along  the  center  line  of  the  state  as  far  south  as  Cumberland  county.  The 
dam  above  New  Brunswick  is  of  crib-work,  pointed  up  stream,  and  is  about  800  feet  long  and  10  feet  high.  It 
was  built  between  the  years  1832  and  1834,  and  backs  the  water  a  mile  or  more,  with  an  average  width  of  600  feet. 
From  the  New  Brunswick  level,  fed  from  this  dam,  a  race  leads  to  the  two  mills  of  the  New  Brunswick  Manufacturing 
Company,  which  use  a  fall  of  12  feet,  discharging  the  water  to  the  lower  level  or  basin,  which  is  about  IJ  foot  above 
high  tide.  These  mills  manufacture  hosiery,  but  the  power  used  is  uncertain.  The  method  by  which  water  is  leased 
by  the  canal  company  has  been  described  in  speaking  of  the  power  at  Lambertville  on  the  Delaware  (page  96). 
Although  the  mills  receive  only  the  surplus  water,  it  is  stated  that  those  at  New  Brunswick  are  seldom  shut  off, 
except  when  the  water  is  drawn  from  the  canal,  which  is  the  case  every  year  for  a  longer  or  shorter  time,  during 
which  period  these  mills  use  steam-power.  The  quantity  of  waterthey  use  is  stated  at  about  450  square  inches  at 
one  mill  and  540  at  the  other,  under  a  head  of  3  feet.  No  additional  power  is  available  at  this  place,  either  at  the 
dam  or  at  New  Brunswick,  for  the  mills  above  described  are  sometimes  short  of  water,  and  it  is  stated  that  at  low 
water  there  is  no  waste  over  the  dam,  the  entire  flow  of  the  stream,  except  leakage,  being  diverted  into  the  canal. 
The  mean  rise  and  fall  of  the  tides  at  New  Brunswick  is  about  5  feet. 

The  drainage  area  above  the  dam  being  about  825  square  miles  and  the  rainfall  as  given  6n  page  125,  I  have 
estimated  the  flow  and  the  power  for  a  fall  of  12  feet  as  in  the  following  table: 


state  of  flow  (see  pages  8  to  11). 

Drainage 
area. 

FaU. 

Flow  per 
second. 

Horse-power  available, 

gross. 

Sq.  miles. 
I          825 

Feet. 
12+. 

(Mnefeet. 
165 

210 
825 
250 

l/ootfall. 
18.8 
23.9 
93.8 
28.4 

lifeetfaXl. 

225 

287 

1,125 

340 

Maximum  with  storage 

Low  season,  dry  years    

These  figures  have  little  practical  value,  because  all  the  power  available  without  storage  is  now  practically 
utilized.  It  may,  however,  enable  some  who  are  acquainted  with  the  river  to  form  an  idea  of  the  degree  of 
approximation  of  my  estimates.(a) 

The  next  power  met  with  as  the  stream  is  ascended  is  at  the  town  of  Earitan,  above  the  mouth  of  the  Millstone 
river  and  only  a  few  miles  below  the  junction  of  the  North  and  South  branches.  The  stream  is  dammed  at  a  point 
about  2f  miles  above  the  town,  the  dam  being  of  crib-work,  about  175  feet  long  and  3^  feet  high,  built  in  a  curve, 
founded  on  a  bed  of  sand  and  gravel,  and  backing  the  water  only  a  short  distance.  It  was  built  about  the  year 
1839,  at  a  cost  of  $1,200  or  thereabout,  and  is  36  feet  in  breadth,  up  and  down  stream,  embracing  20  feet  back  of 
the  crest  and  16  feet  in  front  of  the  same,  part  of  which  is  the  apron.  The  race  leading  to  the  town  where  the  mills 
are  located  is  said  to  be  about  30  feet  wide  at  the  bottom  and  4^  feet  deep,  and  the  total  fall  at  the  lower  end  is 
about  16  feet.    The  power  is  owned  by  the  Earitan  Water  Power  Company,  and  water  is  nominally  leased  by  the 

a  Since  -writing  the  above,  Ashbel  Welch,  esq;,  of  Lambertville,  president  of  the  American  Society  of  Civil  Engineers,  has  given  mo 
the  results  of  a  gauging  of  the  Earitan  made  by  him  near  this  point  many  years  ago,  when  tihe  river  was  unusually  low.  Mr.  Welch 
fsund  the  flow  to  be  180  cubic  feet  per  second,  and,  he  adds:  "Probably  it  sometimes  now  gets  a  little  lower;  I  suppose  the  usual  (not 
extreme)  low-water  discharge  may  be  250  cubic  feet  per  second."  The  close  agreement  between  this  result  and  the  figures  in  the  table 
is  very  satisfactory. 
644 
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square  inch  under  a  head  of  30  inches,  though  in  the  case  of  the  mills  now  in  operation  there  seems  to  be  no  regular 
rate  for  water,  the  ren,ts  being  determined  by  special  agreement.  The  price  per  square  foot  of  opening  is  from  $300 
to  $400  per  annum.     The  following  mills  are  being  supplied  at  present : 

1.  Reed  &  Company's  grist-mill;  fall,  about  U  feet;  uses  about  50  horse-power. 

2.  Keuyon  Brothers'  foundery  and  machine-shop;  fall,  about  14  feet;  uses  about  10  or  15  horse-power. 

3.  New  Jersey  enamel-paint  works;  fall,  about  14  feet;  uses  about  15  horse-power. 

4.  Adair  &  Compauy's  grist-mill;  fall,  14  feet;  uses  about  30  horse-power. 

In  addition  to  these  mills  a  woolen-mill  uses  about  50  square  inches,  but  only  for  washing,  and  not  for  power. 

These  mills  can  run  at  full  capacity  almost  all  the  time.  There  is  always  a  waste  of  water,  but  it  is  said  that 
the  canal  is  in  poor  condition,  being  filled  up  at  the  upper  end,  and  that  this  is  the  cause  of  any  lack  of  full  supply 
which  may  and  sometimes  does  occur.    There  is  trouble  with  backwater  during  about  a  week  in  the  year. 

The  drainage  area  above  Earitan  is  about  450  square  miles.  I  have,  therefore,  estimated  the  power  as  in  the 
following  table: 


State  of  flow  (see  pages  8  to  11). 

Drainage 
area. 

FaU, 

Flow  per 
second. 

Horse-power  available, 
gross. 

Sq.  miles,   i       Feet. 

Cubic  feet. 

88 

112. 

450 

135 

1  font  fall. 
10.0 
12.7 
51.1 
15.4 

Ufeetfall. 
140 
178 
715 
210 

Minimum  low  seaaon 

Maximum  with  storage 

I          450 

14     J 

I  am  not  able  to  state  whether  there  are  favorable  sites  in  the  upper  valleys  for  storage  reservoirs  of  sufficient 
capacity  to  render  the  maximum  with  storage  available,  but  it  is  probable  that  there  are  none.  The  facilities  for 
the  utilization  of  the  power  are  good  in  all  respects  as  regards  location  and  transportation,  and  the  site  Is  perhaps 
the  best  on  the  river.    Above  it  there  are  no  powers  except  on  the  two  brancihes,  which  will  be  described  below. 


THE   TRIBUTARIES   OF   THE   RAKITAN  RIVER. 

South  river,  the  first  of  these,  enters  below  New  Brunswick  and  drains  about  122  square  miles.  It  belongs 
to  the  class  of  sand-hill  streams,  and  I  have  no  details  regarding  its  power.  That  which  is  utilized  will  be  found 
tabulated  on  page  137.  The  same  remarks  are  true  regarding  Laurence  brook.  The  table  of  utilized  power  shows 
that  the  power  of  this  stream  is  quite  extensively  utilized  bj'  small  mills,  among  which  are  grist-mills,  saw-mills,  a 
tobacco  factory,  and  a  rubber  factory,  th^  last  using  considerable  steam-power  all  the  time.  Green  brook  is  an 
unimportant  stream  entering  from  the  north  near  Bound  Brook  and  with  only  a  small  amount  of  power.  The 
Millstone  river,  from  the  south,  is  the  most  important  tributary  of  the  Earitan  below  the  forks,  and  drains  an  area 
of  some  190  square  miles,  the  length  of  the  stream  being  about  35  miles.  Taking  its  rise  in  the  western  part  of 
Monmouth  county  it  flows  in  a  northwesterly  direction  into  Middlesex,  forms  for  some  distance  the  boundary 
between  that  county  and  Mercer,  and  finally  flows  nearly  north  through  Somerset  county,  emptying  into  the  Earitan 
2  or  3  miles  above  Bound  Brook.  It  is  followed  for  a  distance  of  20  miles  or  over  from  its  mouth  by  the  Delaware 
and  Earitan  canal,  and  its  fall  in  that  distance  is  not  over  35  feet,  so  that  the  stieam  is  not  very  rapid,  but  rather 
■sluggish.  Its  elevation  at  the  railroad-crossing  near  Plainsborough  is  54  feet  above  tide.  Its  drainage  basin  is  flat 
compared  with  those  of  the  northern  tributaries  of  the  Earitan,  and  the  stream  belongs  in  fact  more  to  the  class  of 
sand-hill  streams  than  to  any  other.  Its  bed  is  sand  and  clay,  its  flow  quite  constant,  and  it  has  no  falls  or  lakes. 
Its  power  is  of  not  much  importance,  though  it  runs  a  number  of  small  mills,  with  falls  averaging  about  5  feet,  and 
dams  of  about  the  same  height.     These  mills  are  tabulated  on  page  137,  and  further  particulars  are  not  at  hand. 

The  North  branch  of  the  Earitan  takes  its  rise  on  the  Succasuuny  plains,  in  Morris  county,  and  flows  nearly 
south,  joining  the  South  branch  in  Somerset.  It  drains  a  total  area  of  about  180  square  miles,  and  receives  as  its 
principal  tributary  the  Lamington  river.  Its  sources  lie  at  an  elevation  of  about  725  feet,  (a)  while  that  of  its 
confluence  with  the  South  branch  is  about  55  feet,  so  that  its  fall  is  20  feet  or  more  to  the  mile.  But  the  greater 
part  of  the  fall  of  670  feet  occurs  where  the  stream  is  too  small  to  be  used  for  power,  and  for  a  number  of  miles  above 
its  junction  with  the  South  branch  it  is  said  to  be  rather  sluggish,  and  to  have,  in  fact,  no  greater  fall  than  the 
Earitan  below  the  junction.  The  elevation  at  the  crossing  of  the  Central  Eailroad  of  New  Jersey,  about  3  miles 
above  the  junction,  is  66  feet  above  tide.  The  power  of  the  stream  is  not  very  great,  according  to  all  that  could  be 
learned,  and  no  unimproved  sites  of  any  importance  were  brought  to  notice.  The  amount  of  utilized  power  can  be 
seen  by  referring  to  the  table  on  page  137. 

The  South  branch  of  the  Earitan  is  a  stream  of  rather  different  character  and  much  better  suited  for  power. 
Eising  in  Budd's  lake,  in  Morris  county,  it  flows  in  a  southwesterly  direction  through  the  Highland  region  into 
Hunterdon  county,  and  gradually  bending  to  the  east  flows  into  Somerset  county,  where  its  course  is  nearly  north 


u,  Geology  of  New  Jersey,  p.  22. 
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to  its  confluence  with  the  North  branch.  While  the  distance  of  that  point  from  Budd's  lake,  measured  in  a  straight 
line,  is  only  slightly  over  20  miles,  the  length  of  the  stream  is  50  miles. (a)  The  total  drainage  area  is  about  280 
square  miles,  lying  mostly  in  the  Highland  region.  The  fall  of  the  stream  is  much  greater  than  that  of  the  North 
branch,  as  will  be  seen  from  the  following  table: 

Table  of  declivity  of  the  South  branch  of  the  Baritan  river. 


Locality. 


Mouth 

Crossing  of  Lehigh  Valley  railroad  at  Neshanic 

Crossing  of  Lehigh  Valley  railroad  at  Three  Bridges 

Crossing  of  Lehigh  Valley  railroad  at  Stanton 

Crossing  of  Central  Bailroad  of  New  Jersey  at  High  Bridge 

Crossing  of  proposed  railroad  from  Morristown  to  Eastou,  German  Valley . 
Budd's  lake,  source  of  river 


Distance 

Elevation 

Distance 

FaU 

Fallper 

mile 
between 
points. 

from 

above 

between 

between 

mouth. 

tide. 

points. 

points. 

Miki. 

Feet. 

Miles. 

Feet. 

Feet. 

0 

55  i 

4± 

0.8 

5 

a  59 

43 

mi4.3 

8 

a  162 

17 

2.4 

15 

a  119 

116 

10.5 

26 

235 

273 

27.3 

364- 

6508 

400  J- 

28.6 

50 

900  ± 

a  I  am  indebted  for  these  figures  to  Mr.  Robert  H.  Sayre,  superintendent  and  chief  engineer  of  the  Lehigh  Valley  railroad. 
b  Geology  0/  New  Jersey,  p.  841. 

By  virtue  of  its  larger  fall  the  stream  has  much  more  power  than  the  North  branch,  and  its  flow  is  probably  more 
constant  on  account  of  the  lake  at  its  head.  The  declivity  is  generally  gradual,  there  being  no  precipitous  falls. 
The  power  of  the  stream  is  utilized  at  a  number  of  places  for  mills  of  various  descriptions,  as  will  be  seen  by  referring 
to  the  table  of  utilized  power  on  pages  137  and  138.  In  Somerset  county  there  are  four  mills,  with  an  average  fall  of 
about  7  feet;  in  Hunterdon  county  we  first  come  to  six  or  seven  flour-  and  grist-mills,  with  falls  of  about  6  feet  each, 
but  the  falls  soon  become  greater,  and  in  the  upper  part  of  the  county,  both  on  the  main  stream  and  on  many  of  its 
tributaries,  large  falls  are  obtained.  Some  of  the  tributaries  flowing  with  large  falls  from  the  highland  ranges, 
between  which  the  South  branch  pursues  its  course,  ofi'er  considerable  power  in  cemparison  with  their  size  and 
drainage  area.  Although  Budd's  lake  is  not  sufiQcient  to  render  uniform  the  flow  of  a  large  stream,  such  as  the 
Karitan,  or  even  the  South  branch  iu  its  lower  parts,  yet  it  is  sufficient  to  render  the  upper  parts  of  the  stream 
much  more  valuable  for  power  than  they  otherwise  would  be,  and  to  make  it  possible  to  utilize  with  good  effect  a 
considerable  part  of  the  large  fall  which  the  stream  possesses  iu  its  upper  parts.  By  referring  to  the  table  it  will 
be  seen  that  in  Morris  county  alone  there  are  22  mills  on  the  stream, using  a  total  fall  of  322  feet,  or  a  large  part  of 
the  total  fall  which  the  stream  possesses  in  the  county.  Perhaps  the  most  important  power  on  the  stream  is  a,t  High 
Bridge,  where  the  OentralTJailroad  of  New  Jersey  crosses  the  stream.  At  this  place  are  located  the  Taylor  Iron 
Works,  using  power  from  two  dams  to  run  their  forge  and  foundery.  Tlie  upper  dam,  which  is  partly  of  earth  and 
partly  of  crib-work,  is  about  20  feet  high  and  ponds  the  water  over  20  C?)  acres.  A  race  of  500  feet  leads  to  the 
forge,  where  the  fall  is  32  feet.  Statements  differ  in  regard  to  the  power  used.  The  lower  dam  is  about  4  feet  high, 
and  the  fall  at  the  foundery,  which  it  supplies,  is  12  feet.  A  considerable  amount  of  power  is  used,  and  it  is  stated 
that  full  capacity  can  be  secured  all  the  time. 

It  is  probable  that  there  are  sites  for  power  on  the  river  still  unimproved,  but  I  can  not  mention  any  particular 
oues.  The  facilities  for  dams,  races,  and  buildings  are  generally  good,  and  from  what  has  been  said  it  will  be  seen 
that  the  stream  is  an  excellent  one  for  power.  It  is,  moreover,  very  accessible  throughout  its  whole  length,  and  the 
advantages  for  transportation  are  quite  good.    The  powers,  however,  are  of  course  all  comparatively  small. 

I  have  estimated  in  the  following  table  the  flow  and  power  of  the  two  branches  of  the  Earitan.at  their  confluence. 
The  figures  are  of  course  not  exact,  in  the  total  absence  of  gaugings,'but  may  serve  as  a  means  of  comparison  between 
this  stream  and  others. 


Estimated  flow  and  power  of  branches  of  the  Raritan  river  at  their  junction. 


SOUTH  DBANCH. 


State  of  flow  (see  pages  8  to  11). 


Minimnm 

Minimnm  low  sea«on  . . . 
Maximum  with  storage. 
Low  season,  dry  years .. 


Drainage 
area. 


Flow  per 
second. 


Sq.  miles.    Cu.  feet. 
\      280  i 


02 
300 
70 


Gross 
horse- 
power. 


Ifootfall. 

5.7 

7.0 

34.1 

8.0 


NORTH  BEANCH. 


Drainage 

area. 


Sq.  milen. 


180.^ 


Flow  per 
second. 


Cu./eet. 
30 
40 
195 

48 


Gross 
horse- 
power. 


I  footfall. 

3.4 

4.5 

22.2 

5.5 


In. 


In. 


14 


In. 


12 


In. 


In. 


48 
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THE  PASSAIC  KIVEK*. 

This  importaut  strcaai  has  its  sources  in  Morris  county,  uot  far  from  tlie  sourcesof  the  North  branch  of  the  Raritau, 
and  its  course  to  the  sea  is  very  crooked.  Flowing-  tir.st  in  a  nearly  southerly  direction,  and  forming  for  some  distance 
the  bouudary-line  between  Morris  and  Somerset  counties,  it  bends  quite  abruptly  toward  the  east,  and  pursues  its 
course  in  a  northeasterly  and  northerly  direction,  forming  the  boundary  between  Morris  county  on  the  west,  and 
Union  and  Essex  on  the  east,  until,  at  the  northern  extremity  of  the  latter  county,  it  bends  again  abruptly  and 
tiows  toward  the  east,  between  Essex  county  on  the  south  and  Morris  and  Passaic  counties  on  the  north,  passing 
into  the  latter  county.  Bending  once  more  near  Paterson  it  tlows  nearly  south  between  Essex  county  on  the  west 
and  Bergen  and  Hudson  on  the  east,  emptying  into  Newark  bay  below  the  city  of  Newark.  Although  the  source 
of  the  stream  is  distant  from  its  mouth  only  25  miles  in  a  straight  line,  the  course  of  the  stream  measures  over  80 
miles.  The  stream  flows  by  the  cities  of  Newark  and  Paterson  and  the  town  of  Passaic,  but  with  these  exceptions 
there  are  no  large  towns  along  its  course.  Its  crossing  with  the  fall-line  aftbrds  no  fall,  uidess  it  be  that  at  Passaic, 
which  is  at  the  head  of  tide- water  and  of  navigation,  there  being  a  navigable  depth  at  mean  low  water  of  0  feet  up 
to  this  place,  a  distance  of  about  29  miles. 

The  total  area  drained  liy  the  stream  is  about  960  square  miles,  according  to  my  measurements.  It  is  stated 
differently  by  others,  and  is  sometimes  called  in  round  numbers  1,000  square  miles.  The  sources  of  the  stream 
lie  in  the  western  district,  as  do  those  of  its  principal  tributaries,  the  Eockaway,  Pequannock,  and  Ramapo  rivers, 
and  topographically  the  draiinige  basins  of  these  streams  are  broken  and  rocky  in  their  upper  parts.  The  drainage 
area  of  the  Passaic  comprises  a  central  basin  w  ith  an  area  of  about  200  square  miles  and  a  general  elevation  of  120 
to  180  feet  above  tide,  inclosed  by  the  Highlands  on  the  west  and  several  high  ridges  of  trap-rock  on  the  east, 
through  which  the  river  breaks  at  Paterson  and  Little  Falls.  The  tributaries  named  above  come  down  from  the 
Highland  region  and  their  basins  are  more  broken  and  hilly  than  that  of  the  main  stream,  whose  course  lies  for 
some  distance  through  the  central  basin  just  alluded  to.  In  their  courses  through  what  we  have  called  the  middle 
division  the  streams  cross  a  number  of  ridges  of  trap-rock,  and  in  those  places  their  beds  and  banks  are  rock, 
and  generally  there  is  a  fall  available  for  power;  at  other  places  the  bed  is  sand  and  gravel,  the  whole  valley  of 
the  stream  being  thickly  covered  with  glacial  drift,  sometimes  to  a  considerable  depth. 

The  banks  are  in  many  places  low  and  swampy  and  overflowed  in  freshets,  especially  on  the  main  river  in  the 
central  basin,  while  at  others,  in  the  upper  part  of  the  basin  and  where  the  trap  ridges  are  cut  through,  they  are 
rocky  and  sometimes  precipitous.  In  all  places  where  fall  is  practically  available  the  bed  and  banks  may  be  said 
to  be  favorable  for  the  development  of  power. 

The  freshets  on  the  Passaic  and  its  tributaries  are  restrained  to  a  considerable  extent  by  a  number  of  lakes 
and  swamps  which  serve  to  regulate  the  flow.  These  lakes  and  swamps  will  be  referred  to  more  in  detail  when 
the  tributaries  on  which  they  lie  are  considered,  so  that  it  will  suffice  here  to  state  that  the  total  area  covered  by 
lakes  in  the  Passaic  basin  is  about  8  square  miles,  while  the  area  of  swamp-  or  "  wet"  meadow-land  is  about  26 
square  miles.(a)  The  level  of  many  of  the  lakes  could  be  raised  several  feet  without  much  additional  flowage,  and 
the  reservoir  area  could  in  this  way  be  increased  to  about  10  square  miles;(6)  mauy  of  the  lakes  are  in  fact  partly 
artificial,  and  if  we  should  calculate  the  area  of  all  the  mill-ponds  in  the  basin,  which  are  equally  storage  reservoirs, 
the  above  figures  would  be  considerably  increased.  Were  it  desired  to  utilize  as  much  i)ower,  and  hence  to  obtain 
as  much  storage  as  possible,  the  most  convenient  way  would  perhaps  be  to  raise  the  levels  of  some  of  these  lakes; 
but,  in  addition,  other  storage  reservoirs  could  be  made  artificially,  there  being  several  sites  where  they  could  be 
located.  The  utilization  of  the  maximum  power  obtainable  with  storage,  however,  would  be  very  expensive,  as  is 
always  the  case  with  all  but  very  small  drainage  areas. 

The  declivity  of  the  stream  may  be  seen  from  the  following  table,  which,  however,  is  not  very  accurate: 

Table  of  declivity  of  the  Pasmic  river. 


Locality. 

Distance 

from 

mouth. 

EleTation 
above  tide. 

Distance 
between 
points- 

Miles. 

FaU 
between 
points. 

Fall  per 

mile 

between 

points. 

Miles. 
0.0 

29.0 

Feet. 
0 
n 

Feet. 

Feet. 
0.00 

I  29.00        j          0.0 
1     0. 50        I        22.0 
\   11.50                17.0 
J     1.00                76.0 
I     5. 00±     1        47.0 
1   21.75        1          6.0 
^   17.00±     ]        72.0 

Crest  of  Dundee  dam 

29.5                  22 
41. 0±               39 

1.50 
76.00 
9.40 
0.29 
4.24 

Creat  of  Paterson  dam 

Crest  of  Little  Tails  dam 

42.  0± 
47.  0± 

115 

162 

Lower  Chatliam  bridge 

69. 0±     i          168 
86  0  4-               240 

T^Rp.r  Afndinnnvill^    .  . 

a  Annual  Beport  of  the  State  Geologist,  1876,  p.  44. 


6  Geology  of  New  Jersey,  1868,  p.  14. 
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The  mean  annual  rainfall  over  the  basin  of  the  Passaic  is  about  47  inches,  distributed  as  follows:  Spring,  11 
inches;  summer,  14  inches;  autumn,  12  inches;  winter,  10  inches— a  distribution  very  favorable  to  constancy  of  flow- 
in  the  streams.     A  few  gaugings  of  flow  are  at  hand  and  will  be  referred  to  in  the  proper  place. 

Beginning  at  the  headwaters  of  the  stream  near  Mendham,  in  the  southern  part  of  the  cente'al  basin  ©f  the 
drainage  area,  we  find  a  few  small  mills  scattered  along  the  stream  and  its  tributaries  as  far  down  as  Chatham. 
The  facilities  for  power,  however,  are  not  very  good,  the  fall  of  the  streams  being  small  and  the  banks  frequently 
low  and  swampy.  At  Millington  mills  the  stream  cuts  through  Long  hill,  a  trap  ridge,  flowing  through  a  deep 
and  narrow  gorge,  and  ofi'ering  some  power,  part  of  which,  and  perhaps  all,  is  utilized.  The  drainage  area  above 
this  place  is  only  51  square  miles.  From  Chatham,  above  which  the  drainage  area  is  99  square  miles,  the  stream 
flows  for  a  distance  of  nearly  25  miles,  down  to  Little  Falls,  with  a  very  sluggish  current  through  the  central  basin 
referred  to,  and  offers  no  power  whatever.  It  is  bordered  by  low  and  swampy  lands,  all  subject  to  overflow  in 
times  of  freshet,  and,  as  the  table  of  declivity  shows,,  its  fall  is  but  a  little  over  3  inches  to  the  mile.  On  the 
Passaic  and  its  branches,  the  Whippany  and  Eockaway,  above  Little  Falls,  there  is  in  fact  an  area  of  11,000  acres 
subject  to  overflow.  Its  course  is  quite  tortuous  and  its  bed  sand  and  gravel.  The  whole  valley  of  the  upper 
Passaic,  in  fact,  is  flUed  with  a  thick  deposit  of  drift,  and  down  almost  as  far  as  Pompton,  rock  is  never  seen  in 
the  deepest  excavations — some  borings  have  been  driven  300  feet  without  reaching  it.  The  cause  of  the  slight 
fall  of  the  stream  between  Little  Falls  and  Chatham  is,  to  be  found  in  the  dam  at  the  former  place,  where  the  stream 
falls  over  a  ledge  of  trap-rock  known  as  the  Second  mountain,  the  effect  of  the  natural  dam  formed  by  the  ledge 
being  increased  by  the  artificial  dam,  which  will  be  referred  to  again.  For  a  distance  of  20  miles  above  this  dam 
the  stream  overflows  its  banks  in  times  of  freshet,,  and  lays  thousands  of  acres  under  water;  and  although  attempts 
have  been  made  to  have  this  area  drained,  nothing  has  yet  been  accomplished. 

At  Little  Falls  we  meet  the  first  power  of  importance  on  the  stream,  and  as  the  river  receives  the  Eockaway 
and  Pompton  rivers  not  far  above,  the  volume  of  water  is  very  much  greater  than  at  Chatham,  the  drainage 
area  above  this  place  being  about  790  square  miles  according  to  my  measurements.(a)  The  total  fall  at  Little 
Falls  is  stated  by  Professor  Cook  as  34  feet,  and  by  Messrs.  Croes  &  Howell  as  32  feet,  but  of  this  only  about  16  are 
used.  The  dam  is  stone,  280  feet  long  and  8  feet  high,  rebuilt  in  1869  at  %  cost  of  $15,000 ;  and  a  race  80  feet  long 
gives  a  fall  of  16  feet  at  the  large  carpet-  and  felt-mills  of  Mr.  Eobert  Beattie.  The  power  used  is  stated  at  250 
horse-power,  with  always  a  waste  of  water,  although  it  is  also  stated  that  full  capacity  can  be  obtained  during  only 
eleven  months,  averaging  two-thirds  during  the  rest  of  the  time.  No  steam-power  is  used.  By  comparing  with 
some  measurements  of  flow,  which  will  be  referred  to  again,  I  have  estimated  the  power  as  follows: 

Estimate  of  flow  and  power  at  Little  Falls. 


State  of  flow  (see  pages  8  to  11). 

Drainage 
area. 

Fall. 

Flow,  per 
second. 

Horse-power  available,  gross. 

Sq.  miles. 
I          790 

Feet. 
34. 

Cubit:  feet. 
170 
220 
780 
260 

1  foot  fan. 
20.0 
25.0 
88.6 
29.5 

WfeetfaU. 

320 

400 

1,418 

472 

U  feet  fan. 

680 

850 

3,012 

1,000 

Low  season,  dry  years 

I  am  not  able  to  say  whether  the  entire  fall  of  34  feet,  as  stated  by  Professor  Cook,  is  easily  available  or  Hot^ 
but  the  power  is  evidently  a  very  fine  one. 

The  next  power  of  importance  on  the  stream,  and  the  most  important  one  in  the  state  of  New  Jersey,  is  at 
Paterson,  about  4  miles  below  Little  Falls.  Between  the  two  places  there  is  some  fall  not  used,  but  none  of 
importance  except  that  already  referred  to,  which  forms  part  of  the  fall  at  Little  Falls.  At  Paterson  the  river 
crosses  a  second  trap  ridge,  known  as  First  mountain,  falling  a  perpendicular  distance  of  60  feet  or  more,  the  total 
fall  in  a  mile  being  about  75  feet.  Some  200  feet  above  the  falls  a  dam  extends  entirely  across  the  stream,  ponding 
the  water  about  2  miles  with  a  width  of  about  400  feet.  The  dam  is  of  stone,  350  feet  long  and  8  feet  high.  For 
about  one-third  of  its  length  its  upper  part  consists  of  flash-boards,  which  are  washed  out  in  high  water.  The 
dam  was  built  to  a  height  of  4^  feet  in  1837,  and  was  raised  to  8  feet  in  1864,  the  upper  part  being  flash-boards,  until 
the  summer  of  1881,  when  two-thirds  of  its  length  was  built  up  in  stone;  it  is  said  to  have  cost  $13,000.  The  bed 
of  the  stream  is  rock  and  the  banks  are  rather  low.  The  total  fall  utilized  at  Paterson  is  about  66  feet,  from  three 
levels,  the  fall  from  each  being  22  feet.  The  total  length  of  canals  is  about  4,500  feet,  and  they  are  rectangular 
in  section,  3  feet  deep  and  20  feet  wide.    The  following  is  a  list  of  the  mills  supplied: 

I.    Prom  upper  canal,  1,200  feet  long:  Square  feet  leased. 

1.  Ivanhoe  Manufacturing  Company  (paper) ;  fall,  22  feet 13 

2.  Rogers  Locomotive  Works;  fall,  22  feet  8 

3.  Barbour  Flax  Spinning  Company  (flax  thread);  fall, 22  feet 6 

4.  Dolphin  Manufacturing  Company  (flax  and  jute);  fall,  22  feet 9 

Total  square  feet  leased  from  tirst  level 36 

a  750  square  miles  according  to  Professor  Cook,  and  832.75  according  to  Messrs.  Croes  &  Howell  {Eeport  on  Additional  Water  Supply 
for  Newark). 
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II.  From  second  level,  1,600  feet  long:  square  feet  leased. 

1.  J.  H.  Booih  &  Co.  (silk);  fall,  02  feet 4 

•2.  Grant  Locomotive  Works  ;  fall,  22  feet '-^ 

3.  DaDforth  Locomotive  Works;  fall,  22  feet 8 

4.  Hamil  &  Booth  (silk) ;  fall,  22  feet 7 

5.  Hopper&  Scott(silk);  fall,  22  feet -i 

6.  Robert  Adams  (silk) ;  fall,  22  feet , 2 

7.  Franklin  Manufact.tiring  Company  (machinery)  ;  fall,  22  feet li 

8.  E.  &  H.  Adams  (mosquito-netting) ;  fall,  22  feet 8 

9.  John  Ryle  (silk)  ;  fall,  22  feet 2 

Total  square  feet  leased  from  second  level 38i 

III.  Prom  third  level,  1,300  feet  long : 

1.  Franklin  Manufacturing  Company  (calico-printing);  fall,  22  feet 7 

2.  Todd  &  Eafferty  Manufacturing  Company  (machinery; ;  fall)  22  feet 3 

3.  James  Mussey  (machinery);  fall,  22  feet 2 

4.  Phoenix  Manufacturing  Company  (silk)  ;  fall,  22  feet 5J 

5.  E.  &  H.  Adams  (mosquito-nets  and  silk) ;  fall,  22  feet 14 

6.  Globe  Mill  Company  (silk);  fall,  22  feet '-i 

7.  Machinists' Association  (machinery);  fall,  22feet  2 

Total  square  feet  leased  from  third  level 36^ 

IV.  On  overflow  from  lower  level,  400  feet  long: 

1.  Paterson  grist-mill ;  fall,  12  feet 1 


The  total  gross  power  utilized  at  these  mills  is  about  2,350  horse-power.  In  dry  weather  there  is  no  waste 
over  the  dam,  even  at  night,  and  most  of  the  mills  run  during  only  the  day-time,  or  about  ten  hours.  In  dry  weather 
the  company  shuts  off  the  water  from  the  mills  from  7  p.  m.  till  6  a.  m.  The  mills  can  obtain  their  full  capacity 
during  only  about  nine  months  of  the  year,  and  almost  all  of  them  have  supplementary  steam-power  for  the  rest  ot 
the  time,  while  a  few  use  some  steam-power  continuously.  During  about  three  mont  hs  the  mills  can  obtain  only  about 
three-quarters  of  their  full  capacity ;  while  during  about  eight  months  there  is  a  waste  over  the  dam  in  the  day-time. 
It  must  be  remarked,  however,  that  some  water  is  allowed  to  pass  the  dam  to  supply  the  pump-works  below,  so 
that  not  quite  the  entire  flow  is  available  for  power. 

The  power  at  Paterson  is  owned  and  controlled  by  the  "Society  for  Establishing  Useful  Manufactures",  an 
association  incorporated  in  1791 ;  and  it  was  one  of  the  earliest  of  the  large  powers  in  this  country  which  was 
developed  and  utilised  for  manufacturing  to  any  considerable  extent.  Water  is  leased  by  the  company  at  the  rate 
of  $750  per  square  foot  under  a  head  of  3  feet,  delivered  through  a  sharp-edged  orifice  6  inches  high,  at  the  bottom 
of  the  canal.  This  amounts  to  about  8.5  cubic  feet  per  second,  equal  to  21|  gross  horse-power  with  a  fall  of  22  feet; 
so  that  the  price  per  annum  per  gross  horse-power  is  nearly  $36,  or  $88  per  cubic  foot  per  second,  a  very  high  rate 
compared  with  that  at  other  places  where  large  amounts  of  power  are  leased.  No  detailed  measurements,  however, 
are  made  to  determine  the  exact  quantity  of  water  used  by  each  mill,  except  when  a  new  wheel  is  put  in,  or  when 
the  company  has  reason  to  suspect  that  an  excess  of  power  is  being  used.  The  water  is  gauged  for  overshot  wheels 
by  orifices  in  the  flume;  while  for  turbine  wheels  the  apertures  in  the  wheel  are  used  in  determining  the  quantity, 
the  aperture  corresponding  to  a  square  foot  under  a  3-foot  head  being  taken  for  the  turbines  as  53.18  square  inches, 
this  bearing  the  same  ratio  to  144  that  the  square  root  of  3  does  to  the  square  root  of  22.  No  deduction  is  made 
from  the  price  on  account  of  a  lack  of  water  at  times ;  and,  in  fine,  the  power  is  only  roughly  controlled  compared 
with  the  care  which  is  exercised  in  Lowell,  Lawrence,  and  other  places. 

Below  the  dam,  which  has  already  been  described,  at  the  head  of  the  principal  fall,  and  extending  in  a  zigzag  line 
across  the  stream,  is  a  second  dam,  averaging  perhaps  5  feet  in  height,  and  used  simply  for  the  purpose  of  supplying 
power  and  storing  the  water  for  the  city  pumping  station,  which  is  situated  on  the  left  bank  of  the  river  just  above 
the  fall.  The  dam  is  of  stone,  with  23  inches  of  flash-boards  on  top.  It  was  originally  built  many  years  ago,  but 
was  raised,  in  1881  to  increase  the  storage.  At  present  it  ponds  the  water  up  to  the  upper  dam,  which  is  provided 
with  gates,  through  which  water  is  let  down  for  the  supply  of  the  city,  and  is  pumped  by  waiter-power  during  from 
seven  to  nine  months,  steam  being  used  partly  or  wholly  during  the  rest  of  the  time.  The  wheel-pit  is  a  chasm  in 
the  natural  rock,  the  fall  is  30  feet,  and  the  power  120  horse-power.  The  amount  of  water  pumped  is  in  dry  weather 
about  7,000,000  gallons  in  twenty -four  hours,  or  14  cubic  feet  per  second. 
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The  minimum  flow  of  the  Passaic  river  at  Patersou  is  stated  by  Messrs.  Croes  &  Howell  at  195  cubic  feet 

per  second,  and  the  maximum  at  Passaic  at  17,913  cubic  feet  per  second.    I  have  estimated  the  following  table 

from  these  data: 

Estimated  flow  and  power  at  Paterson. 


State  of  flow  (see  pages  8  to  H). 

Drainage 
area. 

Fall 
used. 

Tlow  per 
second. 

Horse-power  arailable,  gross. 

MinJniTlTn -- 

Sq.  miles. 
>■         813 

Feet. 
66 

Oubicfeet. 
C          195 

246 
1           800 

287 

1  foot  fall. 
22.2 
28.0 
90.9 
32.6 

22  feet  fall. 

488 

616 

2,000 

717 

66feetfaU. 
1,465 
1,848 
6,000 
2,150 

These  figures  are  estimated,  of  course,  like  all  the  others  in  this  report,  for  the  natural  flow  of  the  stream,  taking 
the  average  for  twenty -four  hours.  If  the  water  is  stored  during  the  night  the  power  could  be  much  increased.  The 
entire  fall  of  22  feet  from  the  lower  level,  however,  is  not  entirely  used,  and  some  deduction  must  be  made  for  the 
water  used  by  the  city.  Still  it  is  difficult  to  understand  how,  if  the  above  flghres  are  at  all  correct  and  the  mills 
are  using  only  a  gross  power  of  2,350  horse-power,  they  should  run  short  at  all.  It  is  to  be  regretted  that  more 
reliable  and  detailed  information  regarding  the  flow  of  the  stream,  and  the  power  utilized,  by  which  these 
discrepancies  could  be  reconciled,  is  not  at  hand. 

The  power  at  Paterson,  as  regards  commercial  facilities  of  all  kinds,  can  not  be  excelled,  and  to  it  the  prosperity 
of  the  city  is  no  doubt  chiefly  due. 

As  the  Passaic  river  is  further  descended,  the  last  important  power  on  the  stream,  situated  at  the  head  of  tide 
and  navigation,  is  at  Passaic.  The  dam,  2  miles  above  the  town,  is  of  stone,  stepped  in  front,  and  extends  across 
the  stream  in  an  arc  of  a  circle,  the  chord  being  450  feet  and  the  center  ordinate  7  feet.  It  is  14  feet  high,  and  was 
originally  built  in  1858,  at  a  cost,  it  is  said,  of  $250,000,  but  was  extensively  repaired  in  1880.  It  is  founded  on  a 
sandstone  ledge,  and  has  never  been  much  injured  by  freshets  or  ice.  It  ponds  the  water  for  about  4  miles,  with  an 
average  width  of  about  500  feet.  The  tide  is  felt  up  to  within  half  a  mile  of  the  dam.  The  race  is  nearly  2  miles  long 
and  80  feet  wide.  The  power  is  owned  and  controlled  by  the  Dundee  Water  Power  and  Land  Company,  and  the 
following  mills  are  supplied:  The  Passaic  print-works,  Basch  &  Co.'s  woolen-mill,  Eeid  &  Barry's  print-works, 
the  Eittenhouse  Manufacturing  Company,  the  IN'ew  York  steam-engine  works  (not  running  at  present),  an  oil-cloth 
works,  Waterhouse  Brothers'  woolen-mill,  and  the  city  water- works.  The  fall  varies  with  the  tide  from  20  to  24 
feet,  averaging  22  feet.  Power  is  leased  by  the  "mill-power",  which  is  defined  as  8J  cubic  feet  per  second  under 
a  fall  of  22  feet  during  twelve  hours  in  the  day,  the  regular  price  being  $700  per  mill-power  per  annum,  or  about 
$33  33  per  gross  horse-power,  a  rate  nearly  as  high  as  that  at  Paterson.  The  whole  number  of  mill-powers  leased 
is  at  present  62,  including  20  mill-powers  leased  to  a  large  rubber  factory  now  being  built.  As  a  mill-power  is  equal 
to  about  21  gross  horse-power,  the  power  leased  is  about  1,300  horse-power,  that  used  being  about  882  horsepower. 
Full  capacity  has  generally  been  secured  all  the  time,  though  there  has  sometimes  been  a  slight  scarcity  for  a  few 
weeks.  In  very  dry  weather  there  is  no  waste  at  night,  but  generally  there  is  some  waste  at  all  seasons,  lifo 
steam-power  is  used  to  supplement  the  water-power,  but  some  of  the  mills  use  steam  all  the  time.  The  city  water- 
works takes  its  water-supply,  consisting  of  one  mill-power,  from  the  canal,  pumping  it  by  steam.  The  amount  of. 
water  taken  by  the  mills  is  not  controlled  accurately,  no  attempt  at  measurement  being  made,  and  the  amounts  paid 
for  being  based  on  measurements  made  some  years  ago  by  Mr.  William  E.  Worthen.  It  is  thought  probable  that 
more  water  is  used  than  is  paid  for,  but  on  account  of  there  being  an  excess  of  power,  no  trouble  has  occurred. 
The  company  does  not  lease  water  except  during  the  day-time,  but  most  of  the  mills  run  somewhat  at  night,  though 
the  company  can  prevent  their  doing  so  if  it  so  choose.     I  have  estimated  the  power  at  Passaic  as  follows: 

Estimated  flow  and  power  at  Fassaic. 


state  of  flow  (see  pages  8  to  11). 

nrainage 
area. 

Fall. 

riow  per 
second. 

Horse-power  available, 
gross. 

Sq.  miles, 
i      90S 

Feet. 
22     J 

Oubicfeet. 
211 
264 
900 
320 

IfootfaU. 
24.0 
30.0 
102.3 
36.4 

22feetfaM. 

528 

660 

2,260 

800 

MjniniT^ni  low  RPRfl^n           

This  power,  though  small,  is  an  excellent  one  in  every  resptect. 

THE   TEIBUTARIES  OP  THE   PASSAIC!  EITER. 

The  first  tributary  we  meet  in  ascending  the  stream  is  Saddle  river,  a  small  stream,  but  utilized  very  extensively 
for  mills  of  various  kinds,  as  the  table  of  power  shows.  The  next  tributary  is  the  Fompton  river,  which  enters  at 
Two  Bridges  just  above  Little  Falls.    This  stream  is  formed  by  the  union  of  the  Pequannock,  Ringwood,  and 
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Eamapo,  and  is  only  about  5  miles  long.  It  otters  lui  power  at  all,  aud  it  is  only  on  its  tributaries  that  any  is 
available.  The  Ramapo  river  takes  its  rise  in  Orange  and  Eockland  counties,  New  York,  and  flows  in  a  general 
southerly  direction  through  Bergen  county,  draining  about  172  square  miles  couiprisiny  a  very  broken  aud  rugged 
country.  "  At  the  headwaters  of  the  stream,  near  Turner's,  there  is  a  small  limestone  region  of  about  8  square  miles 
area;  the  base  rock  of  the  rest  of  the  water-shed  is  gneiss,  except  the  eastern  slope  of  the  lower  15  miles  of  the 
stream,  which  is  red  sandstone."(rt)     The  river  is  fed  by  the  following-named  lakes  and  ponds  :  (ft) 

1.  Franklin  lake,  New  Jersey:  area,  94  acres;  drainage  area,  1,000  acres;  perhaps  connected  with  Crooked 
lake,  which  covers  30  or  40  acres,  and  The  Ponds,  by  subterranean  channels. 

'2.  Eotten  pond,  New  Jersey:  area,  20  acres;  drainage  area,  1,200  acres. 

3.  Negro  pond,  New  Jersey  and  New  York:  area,  100  acres;  drainage  area,  900  acres. 

4.  Trusedo  pond.  Little  Long  pond.  Mount  Bashon  pond.  Island  pond,  Slaughter  pond,  Cranberry  pond,  and 
Bound  pond,  all  in  New  York,  are  small  sheets  of  water,  regarding  wliich  no  data  are  at  hand. 

Of  these  ponds  some  are  dammed,  but  it  is  not  probable  that  they  exercise  much  influence  on  the  flow  of  the 
river.  The  power  used  on  the  stream  is  tabulated  beyond.  The  most  important  site  is  that  at  Pompton,  where  the 
steel-works  are  located,  the  fall  being  20  and  24  feet.  It  is  said  that  250  horse-power  are  utilized  during  six  months. 
At  Eamapo,  New  York,  there  were  formerly  iron-  and  nail-works,  using  a  fall  of  18  feet,  but  no  mill  is  there  now; 
this  is  the  only  important  unimproved  power  on  the  stream  which  was  brought  to  my  notice. 

The  Bingwood  river  rises  in  Orange  county.  New  York,  and  flows  through  Passaic  county,  New  Jersey,  draining 
about  108  square  miles.    It  is  fed  by  the  following-named  lakes  and  ponds : 

1.  Mud  pond.  New  Jersey:  area,  50  acres;  drainage  area,  1,600  acres. 

2.  Tice's  pond.  New  Jersey:  area,  40  acres;  drainage  area,  800  acres. 

3.  Shepherd's  pond,  New  Jersey:  area,  90  acres;  drainage  area,  1,000  acres. 

4.  Greenwood  lake,  New  Jersey  and  New  York:  area,  about  4  square  miles;  drainage  area,  32  square  miles. 
This  lake  is  one  of  the  feeders  of  the  Morris  canal,  and  is  dammed  to  a  height  of  13  feet. 

5.  Besides  Sterling  pond,  New  York,  regarding  which  no  data  are  at  hand,  there  were  several  large  ponds  on 
the  Eingwood  river  itself,  between  Boardman  and  Winokee,  mostly  artificial,  but  the  dams  are  said  to  be  going 
to  ruin.  The  power  was  used  for  blast-furnaces  and  forges,  some  of  which  are  not  now  in  operation.  Other  than  the 
data  given  in  the  table  of  utilized  power  I  have  no  information  regarding  the  power  of  the  stream.  As  Greenwood 
lake  is  not  heavily  drawn  upon  to  supplj^  the  canal,  it  would  seem  probable  that  the  flow  of  this  stream  might  be 
made  comparatively  uniform,  and  its  water-power  of  considerable  value. 

The  Peqtiannock  river  rises  in  Morris,  Passaic,  and  Sussex  counties,  New  Jersey,  and  forms  for  its  entire 
length  the  boundary  between  Morris  and  Passaic.  It  drains,  above  the  mouth  of  the  Eingwood,  some  90  square 
miles.    The  basin  resembles  that  of  the  Eamapo,  and  the  stream  is  fed  by  the  following-named  lakes  and  ponds  : 

1.  Macopin  pond,  or  Echo  lake:  area,  363  acres;  drainage  area,  1,700  acres;  dammed,  and  can  be  drawn  down 
4  feet;  drainage  area  could  easily  be  increased  to  3,200  acres. 

2.  Hank's  pond:  80  acres;  drains  4  square  miles. 

3.  Cedar  pond :  96  acres ;  drains  800  acres. 

4.  Duck  Mountain  pond,  Dunker  pond,  Canistear  pond.  Pine  Hammock  pond,  Timber  Brook  pond,  and  Stickle's 
pond  are  small  sheets  of  water,  some  of  them  partially  or  wholly  artificial,  and  serving  a  useful  purpose  as  regulators. 
The  stream  offers  considerab'le  power,  a  portion  only  of  which  is  utilized.  The  fall  is  rapid,  the  banks  are  high,  aud 
the  flow  is  quite  uniform.  As  few  data  regarding  elevation  are  at  hand,  I  can  give  no  figures  regarding  the  power 
available;  but  as  the  head- waters  of  the  stream  in  the  swamp  near  Snufftown  lie  at  an  elevation  of  1,025  feet,  while  at 
Bloomingdale  the  elevation  of  the  stream  is  only  258  feet,  the  fall  is  evidently  very  large.  There  must  also  be 
consideraWe  power  available  between  Bloomingdale  and  Little  Falls.  That  utilized  is  tabulated  on  page  138.  At 
Bloomingdale  the  Eubber  Comb  and  Jewelry  Company  uses  a  power  of  100  horse-power  all  the  time,  and  300  horse- 
power during  five  months,  with  a  fall  of  32  feet,  and  the  figures,  which  agree  well  with  those  given  by  other 
manufacturers,  give  the  average  low-season  flow  as  about  30  cubic  feet  per  second  during  working  hours,  or  about 
fifteen  as  the  natural  flow  of  the  stream. 

The  Rockaway  river  rises  in  the  eastern  corner  of  Sussex  county,  flows  first  in  a  southwesterly  direction  as  far 
as  Port  Oram,  where  it  bends  to  the  east,  and  flows  nearly  east,  passing  the  towns  of  Dover  and  Boonton.  Its 
drainage  basin  is  broken  and  rocky  and  its  fall  rapid,  so  that  a  large  amount  of  power  is  available.  The  stream 
is  fed  by  a  few  lakes,  but  they  are  not  large  enough  to  do  very  much  to  regulate  its  flow.    They  are  as  follows: 

1.  Split  Eock  pond  covers  237  acres  and  drains  6^  square  miles.  It  is  already  dammed.  Its  height  above  tide 
is  815  feet. 

2.  Durham  pond  covers  65  acres,  drains  1,000  acres,  and  is  also  dammed. 

3.  Green  pond  covers  560  acres  and  drains  2J  or  3  square  miles.     Its  height  above  the  sea  is  1,069  feet. 

4.  Denmark  pond  covers  175  acres  and  drains  2J  or  3  square  miles. 

a  Newark  Aqueduct  Board.    Report  on  AddiHonal  Water  Supply,  p.  16. 

b  Annual  Report  of  the  State  Geologist,  1876.  g5j^ 
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5.  Middle  Forge  pond  covers  70  acres. 

6.  Dixon's  Forge  pond  covers  60  or  75  acres  and  drains  1^  or  2  square  miles. 

7.  Sliongum  pond  covers  125  acres  and  drains  2J  or  3  square  miles.  Some  of  these  ponds  besides  the  two 
already  specified  are  dammed  and  used  as  reservoirs. 

The  power  utilized  on  the  Eockaway  is  tabulated  beyond.  A  considerable  amount,  however,  is  still  unimproved, 
and  all  along  the  Green  Pond  valley  there  were  once  forges,  many  run  by  water-power,  but  most  of  them  not  now  in 
operation.  At  Dover,  the  Dover  Iron  Company  has  a  dam  10  feet  high  and  uses  a  fall  of  11  feet,  with  100  horse- 
power during  five  months,  and  about  70  all  the  time  by  drawing  down  the  pond;  at  Eockaway  a  fall  of  11  feet 
and  70  horse-power  are  used  by  a  rolling-mill ;  and'  at  Powerville  a  fall  of  10  feet  is  used  for  a  rolling-mill,  forge, 
and  grist-mill,  with  some  125  horse-power.  The  principal  power  ou  the  stream,  however,  is  at  Boonton,  the  total  fall 
iu  a  little  over  half  a  mile  being  about  110  feet.  A  stoue  dam  at  the  head  of  the  falls,  150  feet  long  and  12  feet  high, 
built  in  1830,  and  backing  the  water  only  a  few  hundred  feet  with  an  average  width  of  25  feet,  turns  the  water  into  a 
canal  on  the  left  bank,  from  which  it  was  used  in  four  falls;  the  first  was  of  25  feet,  and  was  used  by  a  nail  factory, 
with  200  horse  power;  the  second  was  of  25  feet,  used  by  a  blast-furnace,  with  200  horsepower;  the  third  was  of 
30  feet,  used  by  a  rolling-mill,  with  500  horse- power ;  the  fourth  was  of  30  feet,  used  by  a  nail  factory  and  saw-mill,  with 
from  60  to  100  horse-power.  The  Morris  and  Essex  canal,  which  crosses  the  river  in  the  pool  of  the  dam,  overcomes 
a  diiference  of  level  of  80  feet  by  an  incliued  plane  (No.  7),  and  uses  from  the  upper  canal  a  fall  of  perhaps  45  feet 
and  several  hundred  horse-power  to  run  the  machinery  for  moving  the  boats,  discharging  the  water  so  used 
between  the  second  and  third  falls.  This  splendid  power  was  not  utilized  at  the  time  of  my  visit,  only  one  steam 
blast-furnace  being  in  operation.  When  all  the  mills  were  running  there  was  no  waste  over  the  dam  in  the  summer, 
except  at  night,  and  steam  was  used  part  of  the  time  on  the  third  fall.  Full  capacity  was  obtained  during  about 
eight  or  ten  months,  sometimes  falling  as  low  as  one-half.  The  drainage  area  above  this  place  being  about  120 
square  miles,  and  the  rainfall  the  same  as  on  the  Passaic  (see  p.  130),  I  should  estimate  the  minimum  flow  at  about 
20  cubic  feet  per  second,  and  the  ordinary  low-season  flow  at  about  35  cubic  feet  per  second,  corresponding,  with 
a  fall  of  25  feet,  to  a  gross  power  of  57  and  100  horse-power,  respectively,  during  twenty-four  hours. 

The  elevation  of  the  top  of  the  canal- plane  at  Boonton  above  tide  is  480  feet ;  that  of  the  junction  of  the  Eockaway 
and  the  Passaic,  some  8  miles  below,  about  165  feet;  so  that  the  fall  of  the  stream  in  this  distance  is  315  feet,  or 
at  the  rate  of  nearly  40  feet  per  mile.  Of  this  fall,  110  feet  occurs  at  Boonton,  leaving  say  200  feet  between  Boonton 
and  the  mouth  of  the  river.  There  is,  no  doubt,  a  very  large  amount  of  power  available  here,  very  little  of  which  is 
utilized.  At  Old  Boonton  there  is  a  paper-mill,  with  a  fall  of  28  feet,  the  dam  having  been  built  in  1880.  The 
power  used  is  stated  at  514  horse-power,  which  can  be  obtained  about  seven  (?)  months.  Below  Old  Boonton  the 
stream  is  more  sluggish  and  does  not  afford  so  much  power.  When  we  consider  the  fact  that  the  facilities  for  storage 
are  excellent  in  the  valley  of  the  Eockaway,  and  the  large  fall  available,  it  would  seem  that  the  advantages  for  power 
must  be  excellent,  and  that  the  stream  is  worthy  of  a  careful  examination  by  those  seeking  good  powers.  Of  the 
tributaries  of  the  Eockaway,  the  most  important  is  the  Whippany,  which  affords  power  for  several  paper-mills, 
besides  mills  of  other  kinds. 

THE   WATEE-POWEE   ON   THE   MOREIS   AND  ESSEX   CANAL. 

Before  leaving  the  Passaic  river  and  its  tributaries,  a  few  words  must  be  said  about  the  power  which  is  utilized 
from  the  Morris  and  Essex  canal,  although  the  amount  of  power  so  used  is  small.  The  *anal,  which  was  completed 
in  August,  1831,  and  connects  the  city  of  Newark  with  the  Delaware  river  at  Phillipsburg,  follows  the  Passaic  and 
Eockaway  rivers,  rising,  by  means  of  12  inclined  planes  (with  a  total  rise  of  758  feet)  and  16  lift-locks  (with  a  total 
lift  of  156  feet),  to  its  summit,  near  lake  Hopatcong,  914  feet  above  mean  tide.  West  of  the  summit  it  follows  the 
Musconetcong  valley,  descending  by  11  planes  (with  a  total  fall  of  691  feet)  and  7  lift-locks  (with  a  total  fall  of  69 
feet)  to  the  Delaware,  where  it  is  154  feet  above  tide.  The  canal  is  fed  entirely  from  lake  Hopatcong  and  from 
Greenwood  lake.  The  former  lake,  which  originally  covered  1,500  acres,  is  raised  10  feet  by  a  dam,  and  now  covers, 
when  full,  2,800  acres.  Its  drainage  area  is  27  square  miles.  A  mill  at  the  outlet  owns  the  right  to  the  original 
water-power  there,  so  that  not  all  the  flow  can  be  used  for  feeding  the  canal.  As  already  mentioned.  Greenwood  lake 
is  raised  13  feet  by  a  dam.  There  are  a  number  of  canal- dams  on  tbe  rivers  which  it  follows  on  either  side  of  the 
summit;  none  of  them  are  used  for  feeders,  however,  but  simply  in  order  to  enable  the  canal  to  cross  the  river,  and 
the  company  sees  to  it  that  more  water  is  locked  into  the  river  than  out  of  it.  A  number  of  mills,  however,  whose 
works  are  in  some  degree  interfered  with  by  the  canal,  receive  their  regular  power  from  the  canal,  paying  no  rent 
for  it.  Other  mills  rent  power  from  the  canal,  carrying  the  water  around  the  inclined  planes  and  discharging  into 
the  canal  below;  and  finally,  the  machinery  for  hauling  the  boats  up  the  inclined  planes  is  driven  by  water-power. 
In  cases  where  the  company  rents  water  no  special  quantity  is  guaranteed,  but  the  mills  have  tke  right  to  the 
surplus  water  only ;  neither  is  there  any  fixed  price,  and  water  is  sometimes  rented  in  this  way  for  washing  and 
other  purposes,  instead  of  for  power.  In  fact,  the  power  available  is  very  limited,  and  the  interests  of  navigation 
generally  conflict  with  those  of  manufacturing.  No  power  is  used  at  the  canal-locks.  The  mills  using  power  are 
tabulated  on  page  139,  and  it  is  only  to  be  remarked  that  most  of  them  can  obtain  their  full  capacity  during  only 
about  nine  months  of  the  year,  and  in  some  cases  less. 
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From  the  foregoiug  it  is  clear  that  the  Passaic  river  and  tributaries  offer  a  large  amount  of  power.  The 
available  power,  however,  could  be  largely  increased  by  increasing  the  storage-room,  which  in  many  cases  could 
best  be  done  by  raising  the  levels  of  some  of  the  lakes  with  which  the  basin  is  dotted.  Professor  Cook  gives  the 
following  table  relating  to  the  ponds  and  storage: 

Reservoirs  of  the  Passaic  river.(a) 


Kame  of  pond. 


Franklin  lake 

Botten  pond 

Negro  pond 

Truxedo  pond,  etc 

Mad  pond 

Tioe'spond 

Shepherd's  pond 

Greenwood  lake 

Stirling  pond 

Macopinpond 

Hank's  pond 

Cedar  pond 

Back  Mountain  pond . 

Bunker  pond 

Oanlstear  pond 

Timljer  Brook  pond. . . 

Stickte's  pond 

Split  Bock  pond 

Burhampond 

Green  pond 

Benmark  pond  

Middle  Forge  pond 

Dixon's  Forge  pond  — 
Shongum  pond 


Tributary  to  what. 


Eamapo  river 

...do  

....do 

....do 

Eingwood  river 

....do 

....do 

...do 

...do  

Pequannock  river  . 

...do 

...do 

....do    

...do 

...do 

...do 

...do 

Eockaway  river  . . . 

...do 

...do 

...do 

...do 

..  do 

...do 


Bepth 
controlled 
at  pres- 
ent. 


Feet. 
5 
6 
5 


4 

5 

i 

13 


4 

0 

5 

15 

5 

10 

10 

4 

0 

5 

5 

5 

5 


Area  at 
present. 


Acres. 

94 

20 

100 


50 

40 

90 

2,560 


362 

80 

96 

75 

125 

70 

72 

101 

237 

65 

500 

175 

70 

75 

126 


Pond 
could  he 
raised. 


Feet. 
0 
4 
4 


11 
3 
6 


5 
5 
3 

12 
5 
6 
3 
5 

10 


3 

10 

5 

5 


Area  cor- 
responding 
to  pond 
if  raised. 


Acres. 

94 

100 

125 


120 
125 
90 


412 
120 
140 
120 
800 
120 
100 
101 


110 


300 
100 


105 


Drainage 
area. 


Acres. 

1,000 

1,200 

900 


1,600 

800 

1,000 

20, 480 


3,200 
2,500 

800 
1,600 
3,200 
2,000 

800 
1,800 
4,000 
1,000 
1,920 
1,800 
4,000 
1,200 
1,800 


a  In  addition  to  these  reservoirs,  there  are  the  numerous  and  extensive  meadows  or  swamps,  which 
have  already  been  referred  to,  and  which,  although  evaporating  largely,  do  something  toward  regulating 
the  flow. 

Professor  Cook  also  gives  the  following  table  regarding  some  sites  for  artificial  reservoirs  which  could  be 
created  :{a) 


Location. 

Tribat.ary  to  what 
stream. 

Depth 

which 

could  be 

rendered 

available. 

Area. 

Brainage 
area. 

Eingwood  river 

...do 

Feet. 
10 
20 
10 
10 
8 
10 

c 

Acres. 

100  to  125 

570 

75  to  80 

100  to  150 

80  to  100 

800 

292 

Acres. 
3,000 

55,680 
1,300 
1,000 
3,000 
8,320 

94,  720 

On  the  Eingwood  river 

Near  Hewitt  famace 

.  do  ..      .    . 

West  of  Boardville 

..  do 

Month  of  Stickle's  pond 

MmiTit  PjAflflflTlt 

Pequannock  river 

Eockaway  river 

Eamapo  river 

Besides  these,  there  are  various  other  sites  where  reservoirs  could  be  created,  and  there  seems  to  be  little  doubt 
that  a  rainfall  of  12  inches,  and  perhaps  more,  could  be  rendered  available  for  almost  the  whole  basin.  The  upper 
part  of  the  maiu  Passaic  valley,  by  reason  of  the  flatness  of  its  slope,  is  oafltted  ior  storage,  there  being,  according 
to  Mr.  Oroes,  only  one  available  site  for  a  reservoir,  at  Chatham,  where  a  dam  14  feet  high  above  the  bed  of  the 
stream  would  flood  an  area  of  2,900  acres,  of  which  2,G00  would  be  less  than  6  feet  Jeep,  and  nearly  all  of  which  is 
good  farming-land.  On  tbe  Eockaway  there  is  a  site  for  a  reservoir  3  miles  below  Boouton,  and  others  above,  so 
that  on  this  stream  the  maximum  with  storage  could  probably  be  rendered  available. 

The  only  river  remaining  to  be  described  on  the  Atlantic  coast  of  New  Jersey  is  the  Hackensack.  This  stream 
takes  its  rise  in  Eockland  county.  New  York,  and  pursues  a  southerly  course,  emi)tyiug  into  Newark  bay  just  above 
the  Passaic.  Its  fall  is  small  and  its  flow  variable,  so  that  its  water-power  is  of  not  much  importance.  It  flows 
for  the  most  part  through  meadow-lands,  and  offers  no  natural  falls  of  any  note,  so  far  as  could  be  learned.  The 
power  utilized  is  tabulated  beyond. 


a  Annual  JReport  of  the  State  Geologist,  1876. 
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Drainage  areas  of  the  coast  streams  of  Nev:  Jersey. 


stream. 


Great  Egg  Harbor  river 

Do 

Tuckahoe  river 

Little  Egg  Harbor  river 

Wadiag  river 

Do 

Batsto  river 

Atsion  river 

Cedar  creek 

Tom's  river 

Metedeconk  river 

Manasquan  river 

Shrewsbury  river 

K"aveaink  river 

Eahway  river 

Baritan  river 

Do 

Do  

ITortli  branch  of  Baritan  river . 
South  branch  of  Baritan  river  . 

Do 

Do 

South  river 

Green  brook 

Stony  brook 

MUlstone  river 

Lamington  river 

Paasaio  river 

Do 

Do 


De 


Do 

Do 

Do  

Haokensack  river. 

Do... 

Do 

Pascack  creek  — 

Saddle  river 

Pompton  river 

Pequannock  river. 
Do , 


Ttamapo  river . 

Do  

Do 


BingTvood  river. 


Bockaway  river  . 

Do 

Do 

Do 

Do 

Do 

Do 

Whippany  river . 


Tributary  to  what. 


Locality. 


Atlantic  ocean 

...do , 

Great  Egg  Harbor 

Great  bay 

Little  Egg  Harbor  river  . 

...do 

...do 

...do 

Atlantic  ocean 

...do 

...do 

...  do  

...do 

...do 

...do 

...do 

....do 

...do 

Baritan  river 

...  do , 

....do , 

...do  

...  do 

...  do 

....do  

...do  

Korth  branch  of  Baritan  river 

Newark  bay 

...do  

...do  


.do  . 


...do  

...do  

...do  

...do  

...do  

...do  

Haokensack  river. 

Passaic  river 

...do  

...do 

...do 


Pompton  river. 

...do 

...do  


do  . 


Passaic  river 

...do 

...do 

....do 

...do 

...do 

...do 

Bockaway  river  . 


Mouth 

May's  Landing 

Mouth 

...do 

..do 

Harrisville 

Month 

Mouth  of  Batsto  river  . 

Mouth 

Tom's  Eiver 

Lakewood 

Mouth 

...do 

...do 

...do 

...do  

New  Brunswick 

Baritan 

Month 

...do  

Clinton 

High  Bridge 

Mouth 

...do  

...do  

...do 

...do 

...do 

Passaic 

Paterson 


Little  Falls . 


Mouth  of  Pompton  river  . 

Chatham  Bridge , 

Millington , 

Mouth 

Haokensack 

Mouth  of  Pascack  creek. . 

Mouth 

...do 

Two  Bridges 

Mouth  of  Bamapo  river . . 
Bloomingdale 


Mouth . 


Pompton  Fuinaoe  . 
Bamapo 


Mouth  - 


do  . 


Mouth  of  "Whippany  river . 

Old  Boonton 

Boonton 

Powerville 

Denville 

Baker's  Forge 

Mouth 


Drainage ! 

area,     i 

I 


Bern  arks. 


Sq.  miles. 
321 
190 
100 
476 
179 
144 

95 
158 

70 
150 

24 

60 

20 

88 

62 
1,098 
852 
456 
184 
270 
109 

69 
122 

63 

55 
190 
100 
962 
908 
813 


370 

99 

51 
199 
130 

56 

35 

61 
401 
204 

89.94 


172 

170 
100 


210 
138 
121 
120 
118 
100 
30 
71 


Above  Great  Egg  Harbor. 

According  it)  Professor  Cook. 

Do. 
140  according  to  Professor  Cook. 

70  according  to  Professor  Cook. 

According  to  Professor  Cook. 


Do. 
Do. 

DCL 

1,000  according  to  Professor  Cook. 


280  according  to  Professor  Cook. 


According  to  Professor  Cook. 
Do. 
Do. 
Do. 

! 

;  981  according  to  Messrs.  Croes  &  Howell. 

]  8e5.48  according  to  Messrs.  Croes  &  Howell. 
j'c750  according  to  Professor  Cook. 
(832.75  according  to  Messrs.  Croes  &  Howell. 

105.96  according  to  Messrs.  Croes  &  Howell. 


According  to  Messrs.  Croes  &  Howell. 
C168.5  according  to  Messrs.  Croes  &  Howell. 
(148  according  to  Professor  Cook. 


jAccordiug  to  Professor  Cook. 
(118.42  according  to  Messrs.  Croes  &  Howell. 
165  according  to  Professor  Cook. 


126.65  according  to  Messrs.  Croes  &,  Howell. 


According  to  Professor  Cook. 

Do. 
69  according  to  Professor  Cook. 
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stream. 


Tributary  to  wliat 


State. 


Connty. 


Kind  of  mill  or  manafaotnre. 


Great  Egg  Harbor  river 

Do 

Do 

Tribataries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  of 

D» 

Do 

Do 

Do 

Do 

Do .   

Raritan  river 

Do 

Do 

Do 

South  river  and  tributaries  . 

Do 

Do 

Do 

Do 

Do 

Lawrence  broot 

Do 

Do 

Do 

Millstone  river 

Do 

Do 

Tributaries  of 

Do 

Do 

Do 

Do 

Do 

North  branch  of 

Do 

Do 

Do 

Do ... 

Tributaries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

South  branch  of 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Atlantic  ocean 

..-.do  

...do  

Great  Egg  Hai-bor  river 

....do 

Little  Egg  Harbor  river 

....do  

....do  

..  do 

...do  

....do 

Atlantic  ocean 

....do  

...  do 

...do 


...do 

...do 

...do 

...do 

...do 

...do 

...do 

Kariten  river  . 
...do 


...do 

...do 

...do 

..  do 

...do 

...do 

...do    , 

...do 

...do 

...do 

...do 

Millstone  river 

...do 

...do 

...do 

..do 

-.do 

Karitan  river 

...do 

--  do    

-..do 

--.do 

North  branch  Ecfritan 
-  - .  do  . .  _ 


..do 

...do    

...do 

...do  

...do 

--.do 

--  do 

Raritan  river  - 

--  do 

--  do 


New  Jersey - 

...do 

....do 

....do 

.-..do  

....do , 

....do 

....do 

...do , 

.--.do 

....do  

.--  do 

....do 

....do 

.-..do 

....do 

....do 

....do 

....do 

....do  

....do 

...do 

....do 

.--  do 

...do 

....do 

.--.do 

...do 

...do 

....do  

...do 

...do 

.--.do 

....do 

...do  

...do 

....do  

...do 

...do  

...do 

..-.do  

....do  

...do  

...  do  

...do  

....do 

....do 

...do 

...do 

....do 

...do 

-...do 

....do 

...do 

....do 

..-.do 

.--.do 

..-  do 


.do  . 
.do  . 
.do. 
■  do  . 
.do  . 
.do. 
do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
do. 


Atlantic 

...do 

...do 

Gloucester-. 

Atlantic 

...do 

Burlington.. 

...do 

...do  

...do 

Atlantic 

Cape  May  .. 
Atlantic  — 

...do 

Ocean 

.-  do 

...do 

...do 

Middlesex  .. 

Somerset 

...do  

...do 

Middlesex  . . 

...do 

---do  

--.do 

Monmouth. . 

...do 

Middlesex  .. 

...  do 

...do 

...do 

Mercer 

Middlesex  . . 

Somerset 

Mercer 

..do 

Monmouth.. 

..  do    

Somerset 

...do 

Morris 

. . .  do 

Somerset  . . , 

...do 

...do  

...do  

...do  

Mon-is 

...  do 

Hunterdon.. 

-..do 

...do  

...do 

Somerset  . . . 

...do 

...do  

Hunterdon 


...do  .. 
...do.. 
...do.. 
....do.. 
Morris . 
...do.. 
...do.. 


Paper 

Cotton 

Saw  

.--.do 

..-.do 

...do , 

Flouring  and  grist 

Saw 

Paper 

Cotton 

Paper 

Flouring  and  grist 

...do 

Saw , 

.--.do  

Flouring  and  grist 

Box 

Flax,  hemp,  and  jute 

Hosiery 

Flouring  and  grist 

Paint   

Machinery 

Flouring  and  grist 

Drugs  and  chemicals 

Shirts  

^obacco 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Kubber 

Saw  

Tobacco  

Flouring  and  grist 

..-  do 

...  do 

Saw 

Flouring  and  gnst 

...do  

Saw 

Flouring  and  grist 

Saw  

Flouring  and  grist 

Saw 

Flouring  and  grist 

Carriage  materialg 

Saw  

Flouring  and  grist 

Coffins 

Flouring  and  grist 

Woolen 

Agricultural  implements . 

Leather 

Saw  

Flouring  and  grist 

Saw 

Plaster 

Saw 


Looting.glass  and   picture 
frames. 


Iron  castings 

Forge 

Saw 

Flouring  and  grist 

Agricultural  implements  . 

Flouring  and  grist 

Saw  


1 
1 
1 
1 
1 
1 
3 
6 
1 
1 
1 
1 
4 
2 
13 
5 
2 
1 
1 
2 
1 
1 
4 
\ 
1 


4 
3 
1 
3 
1 
1 
2 
4 
2 
5 
1 
3 
3 
1 
2 
3 
7 
1 
2 
6 
1 
6 
1 
1 
1 
2 
12 
1 
1 


1 
1 

5 
H 

1 

10 
10 


Feet 
10 
11 
10 

8 

7 

24 
43 
12 
11 
11 
18 
30 
12 
97 
38 
18 
13 
12 
28 
14 
14 
38 

7 
16 
39 
56 
48 
37 

7 
32 

7 

5 
12 
19 

42 
16 
25 
23 
10 
18 
45 
72 
11 
23 
116 

3i 
87 

9 
14 
16 
17 
171 
25 

7 
20 
22 

32 
12 
37 -t- 


133 
175 

655 


80 
120 
42 
10 
12 

■n 

TO 

101 

140 

130 

101 

42. 

62 

55 

149 

00 

27 

32 


(0 


80 
15 
15 

154 
90 
15 
81 

185 
49 
73 
35 
42 
15 
35 
52 

258 
20 

114 
20 
51 

10 
68 
53 

206 
12 
.W 

249 
2 

154 
15 
10 
10 
28 

22) 
40 
15 
26 
30 

253 
66 
66. 

365 
15 

341 

187 


138 
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Table  of  utilized  power  on  the  coast  streams  of  ¥ew  Jersey — Continued. 


stream. 


Sonth  branch  of 

Tributaries  of 

Do 

Do 

Do 

Do 

•Other  tributaries  of 

Do 

Do.... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Passaic  river 

Do ■. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do _ 

Saddle  river 

Do , 

Do 

Do 

Do 

Do 

Eamapo  river 

Do 

Do 

Do 

Bo 

Do 

Do 

ajo 

ISiDgwood  river  and  tributaries. 

Do 

Do 

Pequannock river 

Do 

Do 

Do 

Do 

Do 

Do 

656 


Tributary  to  what. 


Baritan  river 

Sonth  branch  Baritan. 

...do 

...do 

...do  

...do 

Baritan  river 

...do..... 

...do  

...do 

...do  

...do  

...do  

...do  

...do 

...do 

...do 

Atlantic  ocean 

...do 

...do 

...do 

Newark  bay 

...do 

...do  

. . .do 

...do 

...do 

...do  

...do  

...do 

...do..... 

...do 

...do 

...do  

...do 

...do 

...do 

...do  

...do 

...do  

...do 

...do 

Fassaio  river 

...do  

...do  

...do  

...do  

..do 

Pompton  river 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do  

...do 

...do  

...do 

....do  

...do  

...do 

....do 

....do 


State. 


Hew  Jersey. 
...do 


...do  

...do  

...do 

...do 

...do  

...do  

...do  

...do  

...do 

...do  

...do  

...do  

...do  

...do 

...do  

...do 

...do........ 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do  

...do 

...do 

...do 

...do 

...do  

...do  

...do  

...do 

...do  

..  do 

...do 

...do  

...do  

New  York . . . 

...do  

...do  

New  Jersey  . 
...do  


•do  . 
.do  . 
.do. 
.do. 

do. 
.do. 

do. 
.do. 


Connty. 


Morris 

Somerset  .. 
Hunterdon. 

...do 

...do 

...do 

Middlesex . 

...do  

...do 

...do 

...do 

...do 

Union 

...do  

Somerset  ... 

...do 

...do  

Monmouth.. 

...do  

...do  

Middlesex  . . 
Somerset  . . . 

...do 

Union 

Morris 

...do....... 

...do....... 

Passaic 

...do 


.do. 
.do. 
.do  . 
.do. 
.do. 
.do. 
.do  . 


...do  

...do  

...do  

...do  

...do 

Bergen  . . . 

...do 

...do 

...do 

...do 

...do 

Passaic . . . 
Bergen  . . . 

...do  

...do  

...do 

Orange  ... 

...do  

Bookland . 
Passaic . . . 

.--.do  

...  do  

Morris 

....do  

...do 

....do  

....do  

Passaic  . . 
....do.... 


Kind  of  mill  or  manufacture. 


Wheelwrighting 

Flouring  and  grist 

Flax 

Linseed  oil 

Saw 

Flouring  and  grist 

...do 

Saw 

Shirts 

Marble  and  atone  work . . 
Printing  and  publishing . 

Slaughtering 

Flouring  and  grist 

Paper 

Flouring  and  grist 

Fur-dressing 

Saw 

Flouring  and  grist 

Carriages 

Saw 

Flouring  and  grist 

...do 

Saw 

Wheelwrighting .  - 

Flouring  and  grist 

Saw — 

Paper 

Flouring  aud  grist 

Bagging,  flax,  hemp,  and  jute 

Machinery 

Paper 

Printers'  fixtures- 

Printing  and  piablishiug . 

Sbodiy 

Thread  linen 

Vuleanized  rubben 

Wire 

W©ed.tuEning 

Woolen 

Cotton 

Canpet  and  felt 

Silk 

Flouring  and  grist 

Saw 

Agricultural  implements 
Bleaching  and  dyeing  . . . 

^dgc.tools 

Hosiery 

Steel -works  

Flouring  and  grist 

Saw 

Electi'Otyping 

Bronze  fouudery 

Flouring  and  grist 

Blast.f urnace 

Shoddy 

Bobbins 

Blastfurnace 

Flouring  and  grist 

Bark 

Flouring  and  grist 

Saw 

Rubber 

Paper  

Flouring  and  grist 

Blomary  and  forge 


o    . 

So 


Feet. 
14 
26 

5 

23 

25+ 

283 

52+ 

6 
11 


41 
22 

8 
209 

8 
120 

9 
20 

3 

9 
16 
37 

7i 
21 
21 

128+ 
22 

3i 


62 


16 

176 

41 

27 

6 

7i 

6 

8 

20-24 

6 

24 

5 

4 

61 

12 

12 

3i 
14 
42 
9 
7 
23 
44 
30 
26 
15 


12 

181 

8 

20 

63 

334 

120 

16 

16 

3 

2 

10 

65 

44 

54 

53 

15 

474 

16 

198 

30 

30 

24 

20 

216 

64 

110 

62 

125 

508 

250 

12 

2 

40 

180 

148 

6 


250 

619 

81 

127 

8 

30 

8 

12 

200 

18 

47 

20 

12 

102 

150 

32 

13 

75 

63 

12 

10 

23 

340 

207 

59 

30 
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Table  of  utilieed  power  on  the  coast  streams  of  New  Jersey — Continued. 


stream. 


Tributary  to  what 


State. 


Cotmty. 


Kind  of  mill  or  manufacture. 


otT 

3« 


Rocliaway  river 

Do., 

Do 

Do 

Do 

Do 

Do 

Do 

Otlier  tributaries  of. . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Hackensack  river  . 

Do 

Do 

Do 

Tributaries  of 

Do 


Fassaio  river  . 

...do  

...do 

...do  

...do  

...do 

...do 

—  do 

...do 

...  do 

...do 

...  do 

...do 

...do 

...do 

..do 

..do 

...do 

...do 


do  . 
do. 
.do. 
do. 


...do 

...do 

...do  

...do 

..do 

...do    

...do 

...do 

...do 

...do 

..do 

...do 

...do 

...do 

...do  

...do  

..  do 

..do 

...do  

...do 

...do 

...do 

...do  

...do 

...do  

..  do 

...do 

...do 

...do 

..  do 

...do 

...do  

...do 

...do 

Newark  bay 

...do    

...do 

..  do 

Hackensack  river  . 
..  do 


New  Jersey  , 
...do 


do. 
.do  . 
.do. 
.do. 
.do. 
.do. 
.do  . 
.do. 
do. 
do  . 
.do  . 
do. 
.do. 
.do  . 
do  . 
.do. 
.do. 

.do. 
.do. 
.do. 
.do  . 


....do  

..-.d» 

...do 

...do , 

...  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do  

...  do 

...do  

...do  

...do : 

...do  

...  do  

..  do 

...do 

...do  

...do 

..do 

..  do 

New  York... 

...do  

...  do    

...do 

...do 

...do 

New  Jersey. 

...do 

...do 

New  York  . . . 
New  Jersey - 

..  do 


Morris.. 
...do... 

...do... 
....do  ... 
...do... 
...do... 
...do... 
....do... 

...do... 
...do... 

...do... 

...do... 
...do... 
...  do  ... 

...do... 
...do   .. 

Fassaio . 
....do  ... 
...do... 


...do 

...do 

...do 

Somerset. 


Sussex 

Essex 

...do 

..  do 

...do  

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do  

...do 

...do 

Bergen  ... 

...do 

...do 

...do 

...do 

...do 

...do 

...  do 

Orange  ... 
^Rockland . 

...do 

..  do 

...do  .... 
...do  .... 
Bergen  ... 

...do 

...do 

Eockland . 
Bergen  ... 
...do 


Cutlery 

Flouring  and  grist . 


Eubber 

Bollingmills 

EoUing-mill,  etc 

Blast-furnace 

Blomaries  and  forges  . 

Baskets,  etc 

Eoundery  facings 

riouring  and  grist 

Saw  

Paper 

Blomary  and  forge 

Cotton 

Woolen 

Flouring  and  grist  — 
Paper 


Carriage  and  wagon  mate- 
rials. 


Screws 

Toys  and  games  . . 
Wood-turning 


Carriage  and  wagon  mate- 
rials. 

Leather 

Carpentering 

Jewelry  

Printing  and  publishing . .  - 

Sewing-machines 

Paper  boxes 

Bronze-powder 

Carriage  and  wagon  mateiials 

Copper-rolling 

Fonndery  facings 

Flouring  and  grist 

...do  

Machine-shop 

Cotton 

Woolen 

Saw 

Paper 

...  do 

Wire 

Wood.tuming 

Woolen 

Cotton 

Flouring  and  grist 

Saw 

Bark 

Wood-turning 

Paper 

Vulcanized  rubber 

Flouring  and  grist 

Agricultural  implements- 
Flouring  and  grist 

Saw 

Leather 

Foundery 

Flouring  and  grist 

Saw 

Furniture 

Flouring  and  grist 

...  do  

Saw  


Feet. 


U 
18 
20 

110 
24 
81 
30 
11 

201 
45 
80 
80 


24 
19 
18 
12 

7 
7 
8 
14 

8 


a  From  Morris  and  Essex  canal. 

1012  W  P— VOL  16 42 


b  Not  in  operation  since  July  1, 1876. 


13 
10 
55 
20 
18 
18 
49 
109 
20 
16 
31 
75 
32 
11 
15 
18 
28 
64 
125 
65 
10 
14 
13 
14 
24 

9 
59-f- 
42 
11 
20 
16 

5 

6 
15 
63 
47 

657 


as 

119 

0  20 

045 

195 

61,000 

250 

151 

6 

15 

332 

40 

165 

45 

50 

15 

40 

50 

20 

6 
3 
18 


1 

1 

o25 

16 

53 

30 

100 

18 

ol25 

115 

o30 

15 

119 

65 

O130 

60 

60 

7 

40 

125 

97 

70 

25 

30 

59 

25 

25 

5 

110 

129 

4 

15 

35 

40 

20 

80 

93 

108 
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Table  of  utilised  power  on  the  coast  streams  of  New  Jersey — Continued. 


stream. 


Tributary  to  what. 


State. 


County. 


Kind  of  mill  or  manufacture. 


.a 

a 


iS 


Tributaries  of 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  of. . 

Do 

Do 

Do 

Do 


Hackensack  river  . 

...do 

..  do 

...do 

...do 

..  do 

Atlantic  ocean 

...do 

...do  

...do  

...do  


New  Jeraey  , 

...do  

...do  

New  York  . . . 

...do ■.. 

...do  

New  Jersey . . 

...do  

...do  

...do  

...do  


Bergen  ... 

...do  

...do  

Bockland . 

...do 

...do  

Marion  ... 

...do 

...do  

Essex 

...do 


Furniture 

Wood-bending 

Leather 

Flouring  and  grist 

Saw 

Woolen 

Flouring  and  grist 

Paper 

Printing  and  publishing 

Flouring  and  grist 

Paper 


Feet. 

6 

10 

6 

113 

45 

75+ 
32 

35 
130 


T 
10^ 
25 

192 
47" 
10 

183 

80 

3 

70 

230- 


658 


INDEX  TO  REPORT  ON  THE  WATER-POWER  OF  THE  MIDDLE  ATLANTIC  WATERSHED. 


A.  Page. 

Analooiink  cie^,  Pennsylvania 109  119 

Autietani  riTer,  Maryland  and  Pennsylvania 30 

Appalaoliiau  Mountain  system,  topography  of 2-3 

Appomattox  rivt-r,  Virginia 23-27,33 

B. 

liald  Eagle  creek,  Peiiiis^  Ivauia    70  85 

Binghamton,  Neve  York,  power  at 62 

Brandywine  creek,  Delaware  and  Penn.sylvania 99, 100,115 

Busbkill  creek,  Pennsylvania X09 

C. 

Canals,  navigation.     (See  Navigation  canals.) 

Canisteo  river,  New  York 66  83 

Chemung  river,  New  York 65  66,83 

Chenango  river.  New  York 65  81 

Chesapeake  and  Ohio  canal,  power  utilized  from 41, 42 

Chesapeake  bay,  small  tribntaries  of 64-59 

CMokahominy  river,  Virginia 23  32 

Christiana  creek  and  tribatariea,  Delaware  and  PennsylTania 99, 100, 115 

Clark's  Ferry,  Pennsylvania,  dam  at 63 

Clifton  Forge,  Virginia,  power  at 30 

Climate  in  region  considered 6 

Coast  streams  of  New  Jersey 121-140 

Cohansey  creek.  New  Jersey 99^  II5 

Colombia,  Pennsylvania,  dam  at 63 

Conedogwinet  creek,  Pennsylvania 76,87 

Coneatoga  creek,  Pennsjilvania 77, 88 

Conewago  falls,  Pennsylvania,  on  Sasqaehaana  river 63 

Conhocton  river.  New  York 66,  83 

Conococheagne  creek,  Maryland  and  Pennsylvania 50 

Cost  of  dams: 

On  James  river 22,23 

On  Schuylkill  river  at  Philadelphia 102 

Cost  of  water-power : 

At  Fredericksbnrg,  Virginia 36 

At  Manchester,  Virginia 16 

At  Passaic,  New  Jersey 132 

At  Paterson,  New  Jersey 131 

At  Karitan,  New  Jersey 126,127 

At  £iohmond,  Virginia 17 

At  Trenton,  New  Jersey 94,95 

From  Chesapeake  and  Ohio  canal 41, 42 

From  Delaware  and  Baritan  canal 98 

From  James  Biver  and  Kanawha  canal 17 

From  Lehigh  Coal  and  Navigation  Company 107 

From  Pennsylvania  canal 62,63 

From  Schuylkill  Navigation  Company 104,105 

Covington,  Virginia,  power  at 31 

Cowpasture  river,  Virginia 30, 33 

9. 

Dams: 

On  James  river  (table) 22,23 

On  Juniata  river  (table) 76 

On  Lehigh  river  (table) 108 

On  Potomac  river  (table) 44,45 

On  Schuylkill  river  (table) 103 

On  Susquehanna  river  (table) 64 

Dams  on  Delaware  river,  laws  regarding 93,  94 

Delaware  and  Hudson  canal,  power  utilized  from 97 

Delii-.vare  and  Earitan  canal,  power  utilized  from 95,  96, 126 


Page. 

Delaware  river , 89-98, 114, 11& 

Delaw<are  river,  laws  regardiuj^"  dams  on 93, 94 

Delaware  river,  navigation  on 90, 91 

Delaware  river,  tributaries  of 98-113,115-121 

Drainage  areas : 

Of  coast  streams  of  New  Jersey  (table) 136 

Of  Delaware  river  and  t  libutaries  (table) 113, 114 

Of  James  river  (table) 23 

Of  Potomac  river  (table) 45 

Of  Eivanna  river  (table) 28 

Of  Susquehanna  river  and  tributaries  (table) 78-80 

Of  tributaries  of  James  river 13 

Of  tributaries  of  Potomac  river  (table) 40 

Of  tributaries  of  South  branch  of  Potomac  river 51 

E. 

Estimates  of  flow  of  streams,  explanation  of 11 

F. 

Fairmount  dam  at  Philadelphia 102 

Flow  of  streams,  discussion  of,  and  tables 8-11 

Foul  Eift,  on  the  Delaware  river 97 

Fredericksburg,  Virginia,  power  at 36 

«. 

Great  Appalachian  valley,  elevation  of 4 

Great  Egg  Harbor  river.  New  Jersey 123, 137 

Great  Elk  Creek,  Maryland 57 

Great  falls  of  the  Potomac,  power  at 43 

B. 

Hackensa«k  river.  New  Jersey 135, 139 

Harper's  Ferry,  "West  Virginia,  power  on  Potomac  at 44 

Hari)er's  Feiry,  West  Virginia,  power  on  Shenandoah  at 4H 

J. 

Jackson's  river,  Virginia 30,33 

James  Eiver  and  Kanawha  canal 1&-22,  29,  30 

James  river,  Virginia 13-23,  31,  32 

James  river,  Virginia,  dams  on  (table) 22,  23 

James  river,  Virginia,  tributaries  of 23-31, 31,  32 

Jones'  falls,  Maryland .57 

Juniata  river,  Pennsylvania 71-73, 86 

Juniata  river,  Pennsylvania,  dams  and  power  on  (table) 76 

Juniata  river,  Pennsylvania,  Frankstown  branch  of 74, 75,  87 

Jnniata  river,  Pennsylvania,  Eaystown  branch  of 73,  74,  87 

Juniata  river,  Pennsylvania,  tributaries  of 73-76,  86, 87 

li. 

Lackawanna  river,  Pennsylvania 07,  81 

Lackawaxen  river,  Pennsylvania 110,  111 

Lambortville,  New  Jersey,  power  at  95 

Laws  regarding  dams  on  the  Delaware  river 93,  94 

Lehigh  Coal  and  Navigation  Company,  power  rented  fi:om  (table) 107 

Lehigh  river 106-108,118 

Lehigh  river,  tributaries  of 108, 118, 119 

Lewisburg,  Pennsylvania,  dam  at 69 

Little  Egg  Harbor  river 123,187 

Little  Elk  creek,  Maryland 58 

Little  Falls  on  the  Passaic,  power  at - 130 

Little  Palls  on  the  Potomac,  power  at 42 

Lock  Haven,  power  on  Susquehanna  at C9 

Lynchburg,  Virginia,  power  at 20,  21 

659-141 
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Manchester,  Virginia,  power  at 15, 16 

Mattapony  river,  Virginia 34,  35 

Maurice  rivor,  New  Jersey S8, 115 

Monocacy  river,  Maryland  and  Pennsylvania 46 

Morris  and  Esses  canal,  power  utilized  from 134 

Mnsconetcong  river,  New  Jersey 106,116 

N. 

Nanticoke,  l^ennsylvania,  dam  at 62 

Navigation  canals,  power  utilized  from : 

Cliesapeako  and  Ohio  canal 41, 42 

Delaware  and  Hudson  canal 110,  111 

Delaware  and  Earitan  canal 95, 96, 126 

James  River  and  Kanawha  canal 17-20, 21, 22, 29 

Lehigh  Coal  and  Navigation  Company 107, 108 

Morris  and  Essex  canal -^ 134 

PcDUsylvania  canal 62-64 

Schuylkill  Navigation  Company 103-105 

Navigation  works,  abandoned: 

On  Appomattox  river,  Virginia 24 

On  James  River  andXanawha  canal ....17-20,21,22 

On  Juniata  river,  Pennsylvania 74, 75 

On  Lehigh  liver,  Pennsylvania 108 

On  North  river,  Virginia 29 

Oo  Port  Deposit  canal,  Pennsylvania  and  Maryland 64 

On  Rappahannock  river,  Virginia 35, 37-39 

On  Union  canal,  Pennsylvania 77,105 

Neversink  river,  New  York _ 109, 120 

New  Jersey,  coast  streams  of 121-140 

New  Jersey,  topography  of 121, 122 

North  Anna  river,  Virginia 34, 35 

North  branch  of  Potomac  river 51, 53 

Northeast  creek,  Maryland 57 

North  river,  Virginia 29,30,33 

O. 

Occoquan  creek,  Virginia 45, 46 

Octorara  creek,  Pennsylvania 77, 78, 88 

0 wego  creek,  New  York 65 

P. 

Pamunkey  river,  Virginia 34,35 

Passaic,  New  Jersey,  power  at 132 

Passaic  river,  New  Jersey 129-132, 138 

Passaic  river.  New  Jersey,  reservoirs  of  (table) 135 

Passaic  river,  New  Jersey,  tributaries  of 132-134, 138, 139 

Patapsco river,  Maryland.. 55, 56,  58 

Paterson,  New  Jersey,  power  at. 130-133 

Patuxent  river,  Maryland 54,  55,  58 

Paupack  creek,  Pennsylvania Ill,  119 

Pennsylvania  canal,  power  utilized  from 62-65 

Pepacton  river,  or  Eaat  branch  of  Delaware 112, 120 

Pc  quannock  river,  New  Jersey 133, 138 

Request  river.  New  Jersey '. 109,116 

Petersburg,  Virginia,  power  at 24-26 

Philadelphia,  power  on  Schuylkill  at 102-103 

PomptoD  river,  New  Jersey 132 

Port  Deposit  canal,  Maryland  and  Pennsylvania 64 

Port  Jerv  is.  New  York,  power  from  Delaware  and  Hudson  canal  at 97 

Potoniao  river 40-45,52 

Potomac  river,  tributaries  of 45-54 

Power  on  Delaware  river,  summary  of  (table) 98 

Power  on  James  river,  summary  of  (table) 23 

Power  on  J  uniata  river,  summary  of  (table) 76 

Power  on  Lehigh  river,  summary  of  (table) 107 

Power  on  Potomac  river,  summary  of  (table) 44,  45 

Power  on  Sclmylkill  river,  summary  of  (table) 104 

Power  on  Susquehanna  river,  summary  of  (table) 64 

Power  utilized  (tables) : 

On  coast  streams  of  New  Jersey 137-140 

On  Delaware  river  and  tributaries 114-121 

On  James  river  and  tributaries 31,  33 

On  Potomac  river  and  tributaries 52-54 

On  Rappahannock  river  and  tributaries 39, 40 

On  smaller  tributaries  of  Chesapeake  bay 58,  59 

On  Susquehanna  river  and  tributaries 80-89 

On  York  river 35 

600 


R.  Page. 

Rainfall  in  region  considered 7,  8 

Eamapo  river,  New  Jersey 133, 138 

Rapidan  river,  Virginia 39 

Rappahannock  river,  Virginia  . . . , 35-39 

Rappahannock  river,  Virginia,  old  navigation  works  on 35,  37, 38 

Rappahannock  river,  Virginia,  tributaries  of 39, 40 

Raritan  river,  New  Jersey 124^127, 137 

Earitan  river,  tributaries  of 124,127,128,137,138 

Richmontl,  Virginia,  power  at 15-19 

Ringwood  river.  New  Jersey 133-138 

Rivanna  river,  Virginia 27, 28,  33 

Rockaway  river,  New  Jersey 133, 139 

8. 

Schuylkill  river,  Pennsylvania 100-105, 116, 13  7 

gfchnylkill  river,  tributaries  of 105,117,118 

Shenandoah  river.  West  Virginia  and  Virginia 46-50, 53 

Slope : 

Of  Appomattox  river  (table) 24 

Of  Delaware  river  (table) 91 

Of  Frankstown  branch  of  Juniata  river 75 

Of  James  river  (table) 14 

Of  Juniata  river  (table) 72 

Of  Lehigh  river 106 

Of  North  river 29 

Of  Passaic  river : 129 

Of  Potomac  river ". 41 

Of  Raritan  river 125 

Of  Raystown  branch  of  Juniata  river 74 

Of  Schuylkill  river 101 

Of  Shenandoah  river 47 

Of  South  branch  of  Raritan  river 128 

Of  South  fork  of  Potomac  river 51 

Of  Susquehanna  river 61 

Of  "West  branch  of  Susquehanna  river '. 68 

South  Anna  river,  Virginia 34, 35 

South  fork  of  Potomac  river,  AVest  Virginia 51,54 

Sunbury,  Pennsylvania,  dam  at 63 

Susquehanna  river 59-65,  80, 81 

Susquehanna  river,  summary  of  power  on  (table) 64 

Susquehanna  river,  tributaries  below  Northumberland 71, 66 

Susquehanna  rivei',  tributaries  below  the  Juniata 76-78, 87-89 

Susquehanna  river,  tributaries  of  North  branch  of 65-67,81-84 

Susquehanna  river,  tributaries  of  West  branch  of 70,71,85,86 

Susquehanna  river.  West  branch  of 68-70,  64, 85 

Swatara  river,  Pennsylvania 77, 88 

T. 

Temperature  in  region  considered 6 

Tidal  water-power n 

Tioga  river.  New  York 66-63 

Topography : 

Of  New  Jersey 121,  li:2 

Of  region  considered 2-5 

Trenton,  New  Jersey 94, 95 

Tunkhannock  creek,  Pennsylvania 66, 83 

U. 
Utilized  power  (tables) : 

On  coast  streams  of  New  Jersey 137-140 

Ou  Delaware  river  and  tributaries 114-121 

On  James  river  and  tributaries 31-33 

On  Potomac  river  and  tributaries 52-54 

On  Rappahannock  river  and  tributaries 39, 40 

On  smaller  tributaries  of  Chesapeake  bay 58,59 

On  Susquehanna  river  and  tributaries 80-89 

Ou  York  river  and  tributaries 35 

\r. 

West  branch  of  Delaware  river 112, 121 

West  branch  of  Susquehanna  river 68-70, 84, 85 

We\  rrton ,  Maryland,  power  at 43 

Williamspoi  t,  Pennsylvania,  power  at 69 

Wilmington,  Delaware,  power  at 99,100 

Wycott,  power  ou  Delaware  river  at 97 

V. 

Yellow  Eroeohes  creek,  Pennsylvania .77,88 

York  river,  Virginia 34,35 


REPORT  ON  THE  WATER-POWER 


OP  THE 


SOUTHERN   ATLANTIC   WATER-SHED, 


BY 


ASSISTANT  PROFESSOR   OF   CIVIL  ENGIIfEERING  IN  THE   MASSACHUSETTS   INSTITUTE   OF   TECHNOLOGY,   BOSTON,    MASS., 

661— i 


TABLE   OF   CONTENTS. 


Page. 

LETTER  OF  TRANSMITTAL 3 

PREFATORY  LETTER 5 

THE  SOUTHERN  ATLANTIC  WATER-SHED 7 

Geiterai-  characteristics 7 

Area  and  form 7 

Geographical  and  coDtinental  position 7 

Topography , , 7 

Geology,  soils,  and  forests 9 

Climate 10 

Flow  of  streams 16 

Tidal  water-power 21 

Total  available  power 21 

General  results 22 

THE  CHOWAN  RIVER  AND  TRIBUTARIES 24 

The  Chowax  river 24 

The  Meherrin  river 24 

The  Blackwater  rivtsr 25 

The  Nottoway  river 25 

THE  ROANOKE  RIVER  AND  TRIBUTARIES  27 

The  Roanoke  iiiver /. .  .* 27 

Tributaries  of  the  Roanoke  river  below  the  junction  of  the  Dan  and  the  Staunton  rivers 31 

The  Dax  river 32 

Tributaries  of  the  Dan  river 39 

The  Stauxtox  ri-vtir 42 

Tributaries  of  the  Staunton  river 44 

THE  TAR  RIVER  AND  TRIBUTARIES 48 

The  Tar  river 48 

Tributaries  of  the  Tar  river 49 

THE  NEUSE  RIVER  AND  TRIBUTARIES 51 

The  Neuse  river  .* 51 

Water-powers 52 

Tributaries  of  thi.-  Nc.'use  river 53 

THE  CAPE  FEAR  RIVER  AND  TRIBUTARIES 55 

The  Cape  Fear  river ." 55 

Tributaries  of  the  Cape  Fear  river  below  the  forks 60 

The  Havst  river 63 

Tributaries  of  the  Haw  river  . . . .' 68 

The  Deep  river 69 

Tributaries  of  the  Deep  river 74 

THE  GREAT  PEE  DEE  RIVER  (AND  YADKIN)  AND  TRIBUTARIES 77 

The  Great  Pee  Deb  river 77 

Tributaries  of  the  Yadkin  river 83 

THE  SANTEE  RIVER  AND  TRIBUTARIES SO 

The  Santee  river 90 

The  Wateree  (or  Catawba)  river 90 

Tributaries  of  the  Catawba  (Wateree)  river 97 

The  Coistgaree  river 101 

lYibntaries  of  the  Congaree  river 104 

The  Broad  river 104 

Tributaries  of  the  Broad  river 108 

The  Tiger  river Ill 

The  Pacolett  river 113 

The  First  Broad  river '. ' 115 

The  Second  Broad  river 115 

The  Green  river 116 

The  Sai,uda  river - 116 

Tributaries  of  the  Saluda  river 120 

663—1 


2  TABLE  OF  CONTENTS. 

Page. 

THE  EDISTO  RIVER  AND  TRIBUTARIES 136 

The  Edisto  river 126 

THE  SAVANNAH  RIVER  AND  TRIBUTARIES 126 

The  Savannah  river 126 

Tributaries  of  the  Savannali  river 131 

The  Tugaloo  river 136 

The  Seneca  river 138 

Tributaries  of  tlie  Seneca  river 139 

THE  06EECHEE  RIVER  AND  TRIBUTARIES 143 

The  Ogbechee  river. 143 

THE  AliTAMAHA  RIVER  AND  TRIBUTARIES 144 

The  Altamaha  river 144 

The  Oconee  river 144 

Tributaries  of  the  Oconee  river 147 

The  Ocmulgee  river 152 

Tributaries  of  the  Ocmulgee  river 155 

THE  STREAMS  SOUTH  OF  THE  ALTAMAHA 163 

CONCLUDING  REMARKS 163 


LIST  OF  ILLUSTRATIONS. 


24 


Drainage  basin  of  the  Chowan  and  Roanoke  rivers  

Drainage  basin  op  the  Tar  river 4g 

The  Neuse  river gj 

The  Cape  Fear  river ,,_, 55 

Drainage  basin  of  the  Pee  Deb  rivkr  above  Cheraw 77 

The  Santeb  river 90 

Drainage  basin  of  the  Wateree  and  Congaree  rivers 92 

Canal  at  the  great  falls  of  the  Catawba  river 

The  Pacolett  river 

Sketch  of  the  Saluda  river  at  the  great  palls,  South  Cabouna ; ng 

Map  of  the  Savannah  river j2g 

Dam  and  bulkhead  of  Augusta  water-power 128 

Map  of  enlarged  Augusta  canal 129 

The  Ogeechee  river ^43 

Map  of  the  Altamaha  river -. ^44 

664 


94 
113 


REPORT  ON  THE  SOUTHERN  ATLANTIC  WATER-SHED. 


PKEFATORY     LETTER. 


Boston,  Mass.,  September  20, 1881. 

Prof.   W.   P.   TEOWBBtDGB, 

Golumbia  College,  New  York  City. 

Sir  :  I  have  the  h«nor  to  submit  herewith  my  report  on  the  water-power  of  the  streams  draining  what  I  have 
designated  as  the  "  Southern  Atlantic  Water-shed",  or,  in  other  words,  of  the  streams  flowing  into  the  Atlantic 
south  of  the  James  river.  My  report  on  the  streams  of  the  middle  Atlantic  water-shed,  comprising  the  streams  as 
far  north  as  the  Hudson,  is  in  course  of  preparation,  and  will  be  duly  submitted  when  completed.  In  making  this 
division  of  the  territory  assigned  me  I  have  been  guided  by  a  desire  to  group  together  such  streams  as  possess 
the  greatest  number  of  features  in  common,  and  it  seemed  as  though  the  line  had  best  be  drawn  at  about  the 
southern  limit  of  the  state  of  Virginia,  which  is  often  classed  as  one  of  the  middle  states. 

Following  the  directions  which  I  have  from  time  to  time  received  from  you,  I  have  traveled  over  most  of  the 
country  covered  by  this  report,  and  have  collected  as  much  information  as  was  possible  with  the  time  at  disposal. 
With  so  large  a  territory  to  traverse  in  so  short  a  time,  anything  like  thoroughness  has,  of  course,  been  impossible, 
and  my  work  must  be  considered  a  rough  reconnoissance  only.  I  have  been  able  to  visit  in  person  only  a  few  of 
the  water-powers  in  my  district,  many  of  which  are  inaccessible;  and,  for  information  regarding  even  some  of  the 
important  ones,  I  have  been  obliged  to  depend  on  hearsay  or  on  correspondence.  Even  in  the  case  of  powers 
which  I  visited  I  am  able,  in  many  cases,  to  present  only  their  general  features,  having  been  unable  to  spare 
the  time  necessary  for  a  detailed  examination.  The  only  instrument  of  measurement  used  was  a  Lo«ke  pocket- level, 
with  which  I  was  enabled  to  arrive,  in-  some  cases,  at  quite  close  approximations  to  the  fall,  while  in  others  the 
results  obtained  are  liable  to  large  error.  Those  who  have  used  the  instrument  will  testify  to  the  fact  that,  when 
long  sights  have  to  be  taken,  the  want  of  sensitiveness  of  the  bubble  renders  accurate  results  impossible.  In  one 
case  I  was  enabled  to  make  use  of  an  aneroid  barometer,  kindly  loaned  me  for  the  occasion  by  Professor  Kerr,  the 
state  geologist  of  North  Carolina,  but  with  this  single  exception  the  pocket-level  was  the  only  instrument  of 
measurement  used. 

In  preparing  this  report  I  have  made  use  of  all  the  material  within  my  reach,  giving  due  acknowledgment  in 
each  case  where  other  reports  or  publications  have  been  used  extensively.  To  the  reports  of  the  Chief  of  Engineers, 
TJ.  S.  A.,  and  those  of  the  officers  of  the  corps,  I  am  indebted  for  so  much  information  that  it  would  be  useless 
to  attempt  to  refer  to  the  authority  for  each  statement  taken  from  them,  when  it  is  not  of  particular  importance. 
To  the  ofScers  themselves,  and  their  assistants,  I  am  also  personally  indebted  for  valuable  aid,  advice,  and 
information  while  at  work  in  the  field.  My  acknowledgments  are  also  due  in  this  place  to  the  officers  and  engineers 
of  the  various  railroads  in  the  district,  who  have,  with  the  greatest  kindness  and  interest,  furnished  me  with 
elevations  of  streams  along  their  roads,  and  with  general  information  concerning  the  country.  To  civil  engineers, 
state  officers,  and  private  citizens,  all  through  the  district,  I  am  indebted  for  the  greatest  encouragement  in  the 
prosecution  of  my  work,  and  for  information  of  all  kinds.  Particularly  must  I  here  acknowledge  the  obligations  I 
am  under  to  Prof.  W.  C.  Kerr,  state  geologist  of  North  Carolina,  for  copies  of  reports  on  geology  and  allied  subjects 
bearing  on  water-power,  and  for  aid  and  advice  in  very  many  cases.  To  him  is  due  chiefly  whatever  success  may 
be  found  to  have  attended  my  efforts  to  present  an  adequate  view  of  the  water-power  of  his  state. 
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lu  discussing  the  material  thus  collected  I  have,  after  dividing  my  district  into  the  two  divisions  above  named, 
prefaced  the  descriptions  of  the  various  rivers  by  a  general  description  of  the  districts  so  far  as  their  common 
characteristics  are  concerned.  In  giving  information  regarding  particular  powers  I  have  endeavored  to  let  each 
statement  pass  for  what  it  is  worth,  and  for  no  morej  and  where  inaccuracies  are  liable  to  occur,  I  have  repeatedly 
called  attention  to  them. 

The  drainage  areas  given  in  the  report  were  measured  geometrically,  there  being  no  planimeter  in  possession 
of  the  of&ce  at  the  time  they  were  determined.  I  have,  however,  checked  them  in  so  many  ways  that  I  believe 
them  to  be  accurate  measurements  of  the  areas  as  taken  from  the  maps.  The  latter  are,  in  many  cases,  so 
-inaccurate  that  slight  errors  in  measurement  are  of  no  importance.  I  have  uniformly  used  Oolton's  largest  maps 
of  the  separate  states,  which  were  the  best  I  could  find.  In  checking  my  measurements  of  the  drainage-basins  of 
the  larger  streams,  by  comparing  them  with  those  of  Mr.  Gannett,  published  in  Census  Bulletin'Ko.  78, 1  have  had 
the  satisfaction  of  finding  that  the  two  agree,  generally,  within  1  or  2  per  cent. 

In  making  estimates  of  the  amount  of  power  available  at  the  various  sites  I  have  endeavored  to  pi'oceed 
according  to  the  most  approved  methods  in  use  in  this  country,  and  to  pay  proper  attention  to  the  most  advanced 
and  recent  investigations  in  this  direction.  Having  fully  explained,  in  the  introduction,  the  methods  I  have  used, 
it  is  unnecessary  for  me  to  do  more  here  than  to  call  attention  to  this  point.  In  view  of  the  uncertainty  attending 
aftl  such  estimates  of  power,  in  the  absence  of  a  series  of  gaugings  of  the  streams  in  question,  it  may  seem  that  I 
have  gone  too  far  in  this  direction ;  but  it  has  appeared  to  me  that  it  was  essential  to  give  some  idea  of  the  amount 
of  power  which  could  be  fairly  expected  at  each  important  site,  in  order  that  people  might  not  be  misled  by  too 
high  estimates,  which  are  the  rule  and  not  the  exception. 

Finally,  regarding  the  arrangement  of  this  report,  it  is  to  be  remarked  that,  although  a  logical  arrangement 
would  probably  have  placed  this  report  on  the  southern  Atlantic  water-shed  after  that  on  the  middle  Atlantic 
water-shed,  various  causes  have  combined  to  render  it  advisable  to  prepare  and  submit  the  present  report  first ; 
among  which  may  be  mentioned  the  completeness  of  the  data  at  hand,  and  the  fact  that  I  consider  this  report,  on 
the  whole,  the  more  important  of  the  two.  It  is  hoped  that  this  sacrifice  of  logical  sequence  will  not  involve  any 
loss  of  clearness. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

GEORGE  F.  SWAIN, 

Special  Agent. 
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Having  divided  the  territory  eovei-ed  by  my  examination  into  two  ili^rricrs.  the  middle  ami  tlu-  >outberu 
Atlantic  water-sheds  (the  bonndary  between  the  two  being  the  ridge  between  the  basins  dt  the  .Tamt>  river  and 
the  streams  south).  I  proceed  first  to  discuss  the  second  of  these  districts. 

The  state  of  Florida  will  for  the  present  be  left  ont  of  consideration,  partly  because  it  vossesses  no  water-power 
of  importance,  and  partly  because  its  jieculiar  situation  renders  its  climate,  in  some  respects,  diflerent  from  that  of 
the  other  soutliern  Atlantic  states.  The  few  remarks  that  are  to  be  made  regardiug  Florida  will  l>e  found  at  the 
end  of  this  report. 

The  general  characteristics  of  the  territory  considered  will  first  be  given,  and  afterward  a  discussion  of  each 
stream  separately. 

GEXEEAL  CHAEACTEEISTR  S. 

1. — Area  a>'d  foem. 

The  area  to  be  considered  comprises  about  117,350  square  miles,  distributed,  approximately,  a^  follows  amoug 
the  different  states : 

Virginia 10,350 

Xorch  Carolina 4-^,000 

South  Carolina 31,  C>00 

Georgia 31,  OtK' 

Total IK,  350 


This  area  is  in  the  shape  of  a  strip  lying  along  the  Atlantic  ocean  between  the  parallels  of  (nearly)  ■MH^ 
and  36JO  north  latitude,  and  with  an  average  breadth,  at  right  angles  to  the  coast,  of  about  21(1  miles,  except  in 
the  extreme  southern  part,  where  it  narrows  down  to  about  60  miles.  The  general  direction  of  the  coast-line  is 
northeast  and  southwest,  turning  quite  abruptly  to  the  north  in  Xorth  Carolina,  and  curving  toward  the  south  in 
<jeorgia. 

2. — Geographical  axd  comoextajl  positiox. 

The  district  considered  is  therefore  in  the  north  temperate  zone,  and  in  the  zone  in  which  the  prevailing  winds 
are  the  return  trader,  which  blow  from  the  .southwest.  The  winds  are.  however,  not  constan':,  but  blow  from  all 
points  of  the  compass,  and  the  prevailing  ones  from  different  points,  according  to  the  season.  I  shall  discuss  the 
winds  more fnUy  under  the  head  of  ■■  climate",  and  it  will  suffice  to  say  here  that,  in  consequence  of  the  <  onrinental 
position  of  the  region  considered — extending  almost  to  the  Gulf  of  Mexico,  and  flanked  on  the  west  by  the  .-ysteni 
of  the  Alleghanies — the  winds  from  all  points  of  the  compass,  from  northeast,  through  east  and  south,  to  southwest. 
are,  to  a  certain  degree,  oceanic,  varying  in  different  parts  of  the  region,  while  the  distinctly  land-winds  are  those 
from  the  west,  northwest,  and  north.  This  district  is.  in  fact,  directly  in  the  line  of  the  return  trades,  which  blow 
from  the  Gulf  of  Mexico,  carrying  its  vapors  far  inland,  and  far  along  the  coast,  even  so  far  as  Virginia,  the 
inf  nence  of  the  Gulf  being,  as  regards  moisture  and  rain-fall,  much  more  sensible  than  that  of  the  Atlantic  ocean 
as  regards  the  region  as  a  whole. 

3. — TOPOGEAPHT. 

The  district  under  consideration  may  be  divided,  topographically,  into  three  distinct  and  well  defined  divisions. 
viz,  the  lower  or  eastern,  the  middle,  and  the  mountainous  or  western. 
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The  eastern  division  extends  from  the  coast  inland  for.  a  distance  varying  between  1*0  and  140  miles,  and 
including  the  navigable  portions  of  the  rivers.  Its  boundary  inland  is  a  line  passing  through  Richmond  and 
Petersburg,  Virginia;  Weldon,  Eocky  Mount,  Smithfield,  North  Carolina;  a  little  above  Fayetteville,  North  Carolina, 
Cheraw  and  Camden,  South  Carolina;  and  through  Columbia,  South  Carolina,  and  Augusta.,  Milled geville,  Macon, 
and  Columbus,  Georgia.  This  line  plays  a  very  important  part  in  the  topography,  geology,  and  water-power  of  the 
country,  and  is  nothing  more  than  the  continuation  of  the  line  which  may  be  designated  as  the  fall-line,  and  which 
extends  through  the  middle  stfetes,  passing  through  Fredericksburg  and  Georgetown.  It  may  be  traced  beyond 
Columbus  for  some  distance  along  the  Gulf,  passing  through  Wetumpka  and  Tuscaloosa,  Alabama.  In  the  northern 
part  of  this  district  tide-water  extends  up  to  the  fall-line,  as  at  Richmond  and  Petersburg,  but  in  the  southern  part 
the  line  is  a  long  distance  above  tide-water.  In  another  place  I  shall  refer  to  this  line  and  the  important  water- 
powers  connected  with  it.  The  country  between  it  and  the  coast  belongs,  geologically,  to  the  Tertiary  ^nd  Post- 
tertiary  formations,  and  "  is  for  the  most  part  nearly  level  or  very  gently  undulating,  except  along  the  river 
courses,  on  the  upper  reaches  of  which  rise  bluffs  and  small  hills  ".*  It  comprises  nearly  two-fifths  of  the  area  of 
North  Carolina,t  over  one-half  of  that  of  South  Carolina,  and  about  two-thirds  of  that  part  of  Georgia  which  we 
are  considering.  Its  slope  seaward  in  North  Oaroliua  is  between  one  and  tw«  feet  to  the  mile,*  and  is  prebably 
about  the  same  in  South  Carolina  and  Georgia.  Its  average  elevation  above  the  sea  is  probably  in  the  neighborhood 
»f  150  or  175  feet,  and  the  slope  toward  the  sea  is,  on  the  whole,  uniform. 

The  rivers  in  this  division  are  sluggish  and  navigable  streams,  frequently  tidal  for  20  or  30  miles  from  their 
mouths,  and  flow  in  beds  composed  of  sand  and  clay.  They  are  often  exceedingly  tortuous,  and  the  chief 
obstructions  to  navigation  consist  in  shifting  sand-bars,  snags,  and  trees,  which  have  been  undermined  and  have 
fallen  over  into  the  stream.  The  banks  are  unstable,  and  although  the  rivers  do  not  rise  very  high  in  freshets  in 
this  part  of  their  course,  they  frequently  undermine  the  banks,  and  even  cut  new  channels  for  themselves,  in 
consequence  of  their  extreme  tortuosity,  although  they  are  not  so  crooked  as  many  of  the  western  streams.  We 
shaU  not'-ce,  farther  on,  the  bearing  of  these  facts  on  the  availability  or  accessibility  of  the  water-powers. 

The  river  valleys  in  this  division  are  characterized  by  having  their  longest  slopes  on  the  north  side  of  the  river, 
from  which  side  also  the  principal  tributaries  enter — facts  which  have  been  clearly  explained  by  Professor  Kerr. 

The  middle  division,  or  hill  country,  extends  from  the  fall-line  to  the  base  of  the  mountains,  with  an  average 
width  of  from  about  100  or  120  miles  in  the  south  to  150  in  the  north.  It  includes  nearly  one-half  of  North  Carolina, 
nearly  one-half  of  South  Carolina,  and  about  one-third  of  that  part  of  Georgia  which  we  are  considering.  Its 
boundaries  are,  topographically,  not  very  sharply  defined,  and  it  forms  a  term  of  transition  from  the  sea-board  plane 
to  the  mountains.     Geologically,  almost  the  entire  region  is  metamorphic. 

The  average  elevation  above  the  sea  of  the  streams  at  the  fall-line  is  probably  not  far  from  125  feet,  varying 
from  about  250  feet  in  the  south  to  about  50  feet  in  the  north.  The  following  list  of  elevations  of  streams  will  show 
how  the  elevation  varies  between  Richmond,  Virginia,  and  Macon,  Georgia.  I  am  indebted  for  the  figures  to 
various  railroad  managers  and  engineers,  and  to  other  sources :  J 


Blver. 


James 

Appomattox 

Koanoke 

Tar 

Nenae 

Cape  Fear... 

Pee  Dee 

Wateree 

Congaree  — 
Savannah  . . . 
Ogeechee  — 

Oconee 

Oomolgee . .  - 


Plaoe. 


Bichmond,  Va 

Petersburg,  Va 

Weldon,  X.C 

Hooky  Motmt,  N.  C 

Smithfield,  N.  0 

Averysboro',  K".  C 

C.  C.  K.  E.  crossing 

10  miles  above  Camden 

Colombia,  S.  C 

Augusta,  Ga 

Shoals  of  Ogeechee,  8J  miles  below  Mayfleld,  Ga. 

Milledgeville,  Ga 

Macon,  Ga 


Elevation 

5,bove 
me&ntide. 


Feet. 


JO.  0 

to.o 

44.0 

100.0 
35.0 
106.0 
125.0 
129.0 
125.0 

eio.o 

220.0 
250.0 


The  average  elevation  of  the  ground  along  the  fall-line  is  greater,  probably  averaging  200  feet,  varying  from 
300  feet  in  Georgia  to  100  feet  in  Virginia  and  northern  North  Carolina.  The  average  elevation  of  the  upper  limit 
of  the  middle  division  may  be  taken  at  about  1,200  feet,  and  the  average  elevation  of  the  whole  district  at  about 


*  Geology  of  North  Carolina,  vol.  i,  W.  C.  Kerr. 

t  Prof.  Kerb,  Geology  of  North  Carolina. 

tThis  taWo  ia  only  a  rough  approximation.     It  was  not  possible  to  get  accurate  elevations  on  account  of  differences  in  the  datum- 
jilanes  used  by  the  various  railroad  companies.     For  instance,  Richmond  and  Petersburg  are  at  the  heads  of  tide-water;  yet  the  rivers 
there  are  probably  .several  feet  above  moan  tide  at  Norfolk.     In  some  cases  the  above  figures  have  been.obtained  by  estimating  the  fall 
above  poiults  who.se  <;l(;vations  were  given. 
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700  feet.  Its  average  slope  is,  therefore,  not  less  thau  5  or  6  feet  to  the  mile.  The  character  of  this  division  varies 
by  insensible  degrees  from  that  of  the  flat  eastern  division  to  that  of  the  mountainous  western  one.  The  eastern 
part  is  gently  rolling,  while  Ifhe  western  is  penetrated  by  numerous  spurs  of  the  mountains,  forming  divides 
between  the  great  river-basins,  and  sometimes  with  elevations  exceeding  3,000  feet. 

The  rivers  in  this  region  are  tolerably  rapid,  and  well  suited  for  the  development  of  water-power.  They  are 
not  navigable,  on  account  of  the  numerous  shoals  and  ledges,  though  some  of  them  might  be  made  so.  Almost  all 
of  the  water-power  now  used  is  in  this  section. 

The  western  or  mountainous  division  comprises  the  Atlantic  slope  of  the  Blue  Ridge,  and  occupies  but  a  small 
part  of  the  area  under  consideration.  The  gieneral  direction  of  the  Blue  Ridge  is  about  NE.,  a  little  E.,  nearly 
parallel  to  the  coast,  and  it  is  in  North  Carolina  that  the  system  to  which  it  belongs  attains  its  greatest  altitude, 
some  of  the  peaks  attaining  an  elevation  of  over  6,000  feet,  while  some  peaks  in  Georgia  exceed  4,000  feet  in  height. 
Although  the  chain  of  the  Bl^iie  Ridge  is  far  from  regular,  either  in  direction  or  in  elevation,  contrasting  strongly 
in  these  respects  with  the  Smoky  mountains,  a  second  range  lying  west  of  it,  yet  the  general  structure  of  these 
mountains  is  the  same  as  in  the  middle  states ;  they  consist  of  a  series  of  ridges,  and  not,  like  the  mountains  of 
Maine,  of  a  series  of  isolated  cones. 

The  streams  in  this  division  are,  of  course,  small  and  very  rapid.  Their  fall  is  very  great,  and  is  interrupted  in 
many  cases  by  cascades  and  precipitous  falls,  sometimes  of  several  hundred  feet,  nearly  vertical.  The  bed  is  almost 
always  rock,  sometimes  overlaid  with  a  stratum  of  gravel,  and  the  valleys  narrow,  in  some  places  with  very  steep 
and  even  vertical  banks — hundreds  of  feet  high  in  a  few  very  rare  cases.  These  streams  are  subject  to  considerable 
fluctuations  in  volume,  and  the  water-power,  although  great,  is  not  very  available. 

There  are  no  lakes  in  any  part  of  the  region  under  consideration  except  a  few  near  the  coast,  a  position  which 
renders  them  of  no  value  as  regards  water-power. 

4. — Geology,  soils,  and  forests. 

As  has  been  already  stated,  the  entire  eastern  division  of  this  district  belongs  to  the  Tertiary  and  Quaternary 
formations.  Its  soil  is  for  the  most  part  a  sandy  loam.  Clay  and  sand,  in  fact,  constitute  the  soil  of  almost  the 
whole  district;  in  the  eastern  part  the  sand  predominates,  while  in  tbe  middle  and  western  parts  the  clay 
predominates.  There  are  also  in  the  eastern  part  beds  of  gravel,  marl,  and  peat,  and  there  is  generally  a  clay 
subsoil  not  far  below  the  surface.  In  some  places,  too,  there  are  beds  of  quite  pure  sand  (the  sand-hills),  which 
give  rise  to  several  streams  noticeable  for  their  water-power,  and  there  seems  to  be  a  belt  of  these  sand-hills  Just 
below  the  fall-line,  having  a  width  of  30  to  40  miles  in  places. 

In  the  middle  and  western  parts  of  the  region,  besides  the  clay  soil  just  referred  to,  and  which  is  the 
predominant  soil,  there  are  also  beds  of  gravel  and  sand.  It  is  an  important  fact  that  the  soil  here  is  very  deep — 
much  deeper  than  in  the  middle  states — and  that  it  has  resulted  from  the  decay  of  the  rocks  in  situ.  The  clay  is 
generally  red,  less  frequently  yellow,  and,  being  mixed  to  a  considerable  extent  with  sand  and  gravel,  it  is  not 
impervious.    When  well  compacted,  however,  it  is  said  to  make  a  good  dam. 

Almost  all  of  the  middle  and  western  parts  of  this  region  are  metamorphic.  The  general  direction  of  the  strijre 
of  the  strata  is  NE.  and  SW.,  about  parallel  to  the  mountains,  and  the  streams  cross  these  strata  generally  at 
large  angles,  and  thus  form  shoals,  which  afford  aban dance  of  fine  water-power.  The  prevailing  rocks  are  granite 
and  gneiss,  with  tlieir  varieties.  In  upper  South  Carolina  nearly  all  the  water-powers  are  caused  by  the  streams 
crossing  the  ledges  of  gneiss,  and  the  same  is  true  for  the  other  states,  though,  perhaps,  not  to  so  great  a  degree. 
It  is  important  to  notice  that  the  rocks  are  generally  impervious. 

On  account  of  the  important  influence  exercised  by  forests  on  water-power,  it  is  an  important  fact  that  the 
greater  part  of  the  region  we  are  considering  is  well  wooded.  The  eastern  part  abounds  in  extensive  forests  of 
long-leaf  pine,  with  large  quantities  of  cypress  and  palmetto  along  the  river-bottoms,  but  in  the  middle  portion 
there  is,  unfortunately,  no  effort  made  to  preserve  the  forests,  and  they  are  said  to  be  disappearing  rapidly.  In  the 
western  part  they  are  abundant,  the  mountains  being  heavily  wooded.  Some  of  the  peaks,  however,  called  balds, 
are,  it  is  true,  entirely  destitute  of  trees  on  their  summits,  but  in  general  the  mountains  are  covered  with  heavy 
forests.  It  is  important  to  notice,  also,  that  the  mountains,  even  the  highest  ranges  and  peaks,  are  covered  with 
soil  to  a  considerable  depth. 

As  regards  variety  of  woods,  it  is  suflcient  to  mention  the  fact  that  the  state  of  Georgia  alone  produces  230 
different  kinds  of  wood.* 

*  Dr.  Little,  in  Moleotio  Geography,  Georgia  edition. 
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According  to  the  census  of  1870  the  number  of  square  miles  of  Und  not  in  farms,  added  to  that  of  woodland  in» 
farms,  is  as  follows  for  the  different  states : 


state. 


Land  area  of 
state. 


Area  above 
described. 


Per  ceat. 


Virginia 

North  Carolina. 
South  Carolina.. 

Georgia 

Maine 

New  Hampshire 

Vermont 

Massachusetta. . 
Rhode  Island. .. 

Connecticnt 

New  York 

New  Jersey 

Pennsylvania. . . 
Maryland 


4U,  125 
48,580 
30, 170 
58,980 
29, 895 
9,005 

9,  las 

8,040 
1,085 
4,845 

47,  620 
7,455 

44,985 
9,860 


24,733 

36,  379 

21,  324 

42,  230 

24,  249 

5,007 

4,226 

4,578 

565 

2,053 

21,822 

3,906 

25,839 

5,053 


61 
75- 
71 
72- 
81 
.56- 
46 
61 
.52 
42 

4«; 
52 

57- 
31 


How  much  of  the  areas  in  the  second  column  are  woodlands  I  cannot  say.  It  seems  probable,  however,  that 
the  southern  states  are  better  wooded  than  the  New  England  and  middle  states,  except  Maine. 

5. — Climate. 

The  climate  exercises  such  an  important  influence  on  the  water-power  of  a  district  that  it  seems  necessary  to- 
consider  it  in  some  detail.  The  following  elements,  which  go  to  determine  the  climate  of  a  place,  will  be  considered :: 
a.  Length  of  coast  and  character  of  ocean-currents;  b.  prevailing  winds  at  different  seasons;  c.  temperature  at 
different  seasons;  d.  precipitation,  amount  in  different  seasons  and  distribution  over  the  area  considered;  e. 
evaporation  and  moisture. 

a.  CoAsa'-LiNE  AND  OOEAN-OURBENTS. — The  fact  has  been  already  referred  to  that  the  general  direction  of 
the  coast-line  is  NE.  and  SW.,  and  that  the  winds  from  NB.  round  to  SW.  are  maritime.  The  total  length  of  coast- 
line, not  including  indentations,  is  in  the  neighborhood  of  580  miles.  Along  this  coast,  and  a  short  distance  from^ 
it,  sweeps  the  Gulf  Stream,  keeping  its  course  across  the  Atlantic  from  cape  Hatteras,  and  leaving  the  upper  part 
of  North  Carolina  and  the  states  north  exposed  in  a  greater  degree  to  the  cold  current  from  the  north,  which  flows 
along  the  New  England  coast.  Hence,  the  winds  from  NE.  are  cool,  while  those  from  SE.  arc  warm  and  moists 
The  effect  of  all  these  circumstances  on  water-power  will  be  referred  to  again. 

1).  Prevailing  winds  at  different  seasons. — The  winds  in  this  district  are  variable.  They  blow  from  all 
quarters,  the  prevailing  wind  being  different  in  different  parts  of  the  region,  and  at  different  seasons.  On  the  whole,, 
however,  the  prevailing  winds  are  from  the  west,  or  some  point  between  SW.  and  NW.  But  it  is  a  very  striking 
fact  that  the  resultant  wind,  or  the  wind  found  by  working  out  a  traverse  fr«m  observations  of  the  frequency  of  the 
various  winds  throughout  the  year,*  is  almost  invariably,  in  all  parts  of  the  region,  from  a  point  between  SW.  and 
NW.,  a  fact  which  indicates  that  the  general  movement  of  the  atmosphere  is  toward  the  east.  On  the  immediate 
seaboard  the  winds  from  S.  and  SE.  are  frequent,  and  in  the  middle  section  northerly  winds  are,  at  least  in  North 
Carolina,  very  frequent,  coming  next  in  order  to  those  from  the  west.  As  regards  the  distribution  of  the  winds 
through  the  seasons,  the  winds  from  S.,  SE.,  and  SW.  are  most  prominent  during  the  spring  and  summer,  while 
in  autumn  and  winter  the  winds  from  N.,  NE.,  and  NW.  are  most  frequent.  Winds  from  the  east  are  the  least 
frequent  of  all. 

As  regards  water-power,  the  most  salient  points  to  be  noticed  are  that  there  is  no  distinct  periodicity  in  the  winds, 
and  that  the  general  movement  of  the  atmosphere  in  summer  and  spring  is  from  a  point  south  of  west,  and  in  autumn, 
and  winter  from  a  point  north  of  west. 

c.  Temperature  at  different  seasons. — The  mean  temperatures  for  the  year  and  for  the  seasons,  as  well! 
as  the  extremes  and  the  range,  vary  considerably  in  the  three  divisions  of  the  region  we  are  considering.  In  fact,, 
the  isothermal  lines,  instead  of  following  the  parallels  of  latitude  (their  normal  course),  are  deflected  toward  the 
south  by  the  mountains  which  bound  the  district  on  the  west,  and  in  the  western  division  they  run  almost  parallel, 
to  the  coast,  while  in  the  middle  and  eastern  divisions  they  run  at  an  angle  of  some  45°  with  it.  The  following- 
tables,  consisting  of  observations  selected  from  among  those  given  in  the  Smithsonian  Contributions  to  Knowledge^. 
vol.  21,  and  in  Professor  Kerr's  report  on  the  geology  of  North  Carolina,  will  give  some  idea  of  the  temperature  in 
different  parts  of  the  region,  and  at  different  seasons.  The  means  for  the  different  sections  have  been  obtained  by 
examining  the  temperature  charts  in  the  publications  of  the  Smithsonian  Institution. 


•Coffin:  The  Winds  of  the  Olobe. — Smithsonian  Contrib.,  vol.  20. 
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Observations  of  temperature  at  (Uf event  seasons. 


11 


Dirlsion. 


Eastern  . 


Middle  . 


Station. 


,N.C. 


■Western. 


Norfollt.Va. 
ilDtfreesboro', 

■Weldon.N.C 

Poplar  Branch,  N.  C . . . 
Scotland  Neck,  N.C... 

Goldsboro',  If.  C 

Wilmington,  N.  C 

Allien,  S.  C 

Camden,  S.  C 

Charleston,  S.  C 

Fort  Moultrie,  S.C.... 

Perry,  Ga 

Savannah,  Ga 

Lynchburg,  Va 

Gaston,N.C 

Oxford,N.C 

Greensboi'o',  N.  C 

Chapel  Hill,  N.C 

Lenoir,  N.  C 

Stat  esTlUe,  N.C 

Ealeigh,N.C 

Charlotte,  N.  C 

Albemarle,  N.  C 

Abbevme,S.O 

Columbia,  S.C 

Athens,  Ga 

Atlanta,  Ga 

Penfield,  Ga 

Augusta  Arsenal,  Ga . 

Sparta,  Ga 

Boone,  N.C 

BaliersTille,  N.  C 

A8heviUe,N.C 

Murphy.N.C 

Clarksville,  Ga 


Brunswick,  Me 

Concord,N.H 

Boston,  Mass 

Providence,  K,  I 

Hartford,  Conn 

Nlw  Haven,  Conn 

All.aiiy,N.  T 

ITew  York,  N.  Y 

!  Newark,  N.  J 

Reading,  Pa 

Harrisburg,  Pa 

Philadelphia,  Pa 

Carlisle  Barracks,  Pa  . 
I  Foi-t  Delaware, Del.. - 

I  Baltimore,  Md 

;  Washington,  D.  C 

;  Cincinnati,  Ohio 

Chicago,  111 

Peoria,  111 

Fort  Madison,  Iowa .  - . 

Muscatine,  Iowa 

Huntsville,  Ala 

Mobile,  Ala 


Eastern  . 


North  Carolina  and  Virginia 5 

South  Carolina J 

Georgia i 

Total \ 


36  51 
36  26 
36  23 
36  14 

36  07 

35  21 
34  17 

33  32 

34  15 
82  47 
32  45 
32  28 

32  05 

37  22 

36  28 
36  22 
36  05 
85  58 

35  57 
35  47 
35  47 
35  16 

35  18 
34  12 

34  02 

33  58 
33  45 
33  38 
33  28 

33  15 

36  14 
36  03 

35  36 
35  06 

34  40 

43  54 
43  12 
42  21 
41  50 
41  46 

41  18 

42  39 
40  45 
40  44 
40  20 
40  16 

39  56 

40  12 
39  25 
39  17 

38  54 

39  06 
4154 

40  43 
40  37 
4126 
34  45 
30  41 


34.5 
86.5 

32.5 
34.5 

31.0 
38. 0 

31.0 
36.5 


76  17 

77  01 
77  45 

76  00 

77  32 

78  02 
77  68 
81  33 

80  31 

79  56 
79  51 
83  43 

81  OS 
79  12 

77  38 

78  29 

79  50 
78  54 

81  34 

80  S3 
78  41 
80  50 
80  11 

82  17 

80  57 

83  25 

84  24 
83  09 

81  53 
83  54 

81  39 

82  06 

82  28 

83  29 

83  31 

69  57 
71  29 
71  03 

71  24 

72  41 

72  57 

73  44 

73  58 

74  10 

75  55 

76  63 
75  10 

77  11 

75  34 

76  37 

77  02 

84  30 

87  38 
89  30 
91  28 
91  05 
86  40 

88  02 


Mean  temperature  (degrees  Fahrenheit) . 


C4 

Feet. 

20 

75 

72 

10 

50 

102 

50 

565 

240 

20 

25 

280 

42 

800 

152 

475 

843 

670 

1,185 

940 

350 

725 

650 

500 

315 

850 

1,050 

724 

350 

550 

3,250 

2,550 

2,250 

1,014 

1,632 

74 

374 

82 

155 

60 

45 

130 

42 

35 

269 

375 

36 

600 

10 

80 

75 

540 

600 

512 

600 

586 

600 

15 


0 
200 

0 
300 

0 
350 


Spring.     Summer.    Autumn.    Winter.       Year. 


57 
58 
57 
57 
56 
61 
62 
61 
62 
65 
66 
67 
67 
55 
56 
67 
60 
59 
55 
53 
58 
69 
58 
63 
62 
61 
58 
60 
64 
62 
47 
51 
53 
56 


77 
76 
78 
79 
75 
80 
79 
77 
79 
80 
81 
80 
81 
75 
76 
78 
78 
76 
74 
74 
78 
77 
77 
79 
78 
76 
75 
79 
80 
78 
68 
71 
72 
72 
72 

65 

68 


79 


61 

69 

56 

62 

57 

62 

63 

62 

62 

67 

68 

65 

67 

58 

58 

58 

62 

61 

55 

54 

60 

58 

57 

63 

63 

61 

58 

61 

64 

63 

48 

52 

54 

53 

56 

48 
49 
51 
51 
52 
51 
50 
65 
53 
S3 
55 
54 
56 
53 
55 
56 
55 
48 
S3 
52 
49 
60 


42 

43 

40 

43 

41 

45 

48 

46 

45 

51 

52 

49 

53 

40 

40 

40 

41 

42 

38 

36 
40 
40 
40 
47 
45 
46 
42 
45 
48 
46 
32 
36 
38 
39 
44 

23 
23 
28 
27 
30 
28 
26 
31 
31 
31 
3S 
33 
30 
34 
34 
36 
34 
25 
27 
25 
23 
42 
52 

46 
48 
50 
48 


59 

59 

58 

60 

57 

62 

63 

62 

62 

66 

67 

65 

67 

67 

58 

58 

60 

60 
58 
54 
59 
59 
68 
63 
62 
61 
68 
01 
64 
62 
49 
53 
54 
55 


hi 


a 


Yr.  mo. 
25  0 
4 
3 
2 
2 
4 
:! 


65 
63 

671 


0 

0 
0 
0 

u 

0 

8  8 

9  n 

44  8 
32  11 


7  0 
3  0 
0  0 

3  0 
7  0 

4  0 

3  0 

4  0 
2  10 
4  11 
6  6 


5 

2 

2 

7 

21 

7 

9 

0 

2 

0 

1 

0 

6 

6 

2 

6 

2 

3 

51 

S 

22 

2 

38 

5- 

16 

6. 

86 

O' 

45  11 

21  11 

24 

5 

6 

8 

29 

3 

39  10 

29 

5 

18  10 

18 

9 

12 

3 

36 

8 

17 

3 

14 

9 

21  10 

27 

6 

13 

0 

10 

0 

12 
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Observations  of  temperature — Continued. 


DiTUion. 


Ulddle. 


■Western . 


Station. 


North  Carolina  and  Virginia < 

Sonth  Carolina < 

Georgia < 

{ 


Total . 


North  Carolina  and  Virginia < 

South  Carolina 

Georgia i 

Total J 

NeirEnglajBd J 

New  England f 

Middle  States J 

■Western  States i 


Deg. 
37.0 
35.0 

35.0 
34.0 


•a 

a 


34.5  ;. 
32.5  I. 

37.0 
32.5 

37.0 
35.0 


35.0 
34.0 


37.0 
34.0 


42.5 
41.0 


44.0 

42.5 


41.0 
39.0 


41.5 
39.0 


91.5 
84.5 


a 
I 


Feet. 

200 

1,200 

300 
1,100 

350 
1,100 


1,200 
6,000 


1,100 
4,000 


}■ 


Mean  temperature  (degrees  Fahrenheit). 


Spring. 


I  57. 00 
\  61. 00 
\     60. 00 


60.00 
52.00 


54.00 
53.00 

46.00 
43.00 
50.00 
49.00 


Summer. 


77.00 
77.00 
77.00 
77.00 
70.00 


72.00 
71.00 

69.00 

er.oo 

73.00 
72.00 


Autumn. 


59.00 
62.00 
61.00 
61.00 
52.00 


55.00 
54.00 

51.00 
49.00 
54.00 
51.00 


■Winter. 


44.00 
46.00 
44.00 
44.00 
36.00 


Tear. 


59.00 
61.00 
60.00 
60.00 
52.00 


6.  00  54.  00 


.  00  '        53.  00 

i 


28.  00  49.  00 

23.  00  ^  45.  00 

32.00  !  52.00 

26.00  50.00 


013 
hi 


Yr.  mo. 


For  comparison,  the  results  are  tabulated  for  some  places  in  other  parts  of  the  United  States  at  the  end  of 
the  table.  The  places  named  as  belonging  to  the  western  division  are  really  outside  of  it,  on  the  other  side  of  the 
Blue  Eidge;  but  as  nd  records  of  observations  for  places  on  this  side  of  the  ridge  could  be  f*und,  I  have  inserted  these 
values,  as  giving  an  idea  of  the  temperature  in  that  region,  which  may  be  considered  accurate  enough.  The  averages 
for  the  three  divisions,  at  the  end  of  the  table,  as  well  as  for  the  other  parts  of  the  country,  are  only  approximations, 
but  are  close  enough  to  give  a  general  idea  of  the  differences  between  the  region  we  are  considering  and  the  other 
parts  of  the  country. 

These  tables  show  that  middle  South  Carolina  is  somewhat  warmer  than  middle  Georgia,  and  much  warmer  than 
middle  Korth  Carolina.  The  isothermals  bend  inward,  or  ai'ound  South  Carolina,  receding  further  from  the  coast 
in  that  state  than  in  Korth  Carolina  or  Greorgia. 

The  following  table  of  extreme  observed  temperatures  may  be  interesting :  « 


state. 


It 


Month. 


Place  of  observation. 


.as 
IN" 


Month. 


Place  of  ohservation. 


North  Carolina 
South  Carolina 

Georgia 

Alaba^ma 

Maine 

^Massachusetts . 
■Virginia 


Deg. 
102 

101 

103 

104 

102 

100 

104 


July . . . 
July . . . 
July... 
August 
July . . . 
July... 
August 


Fort  Johnston 

Charleston 

Augusta  arsenal 

Mount  Vernon  arsenal 

Brunswick 

Fort  Warren 

Alexandria 


Deg. 
3 

6 

—  2 

—  9 

—  32 

—  30 

2 


February 
February 
February 
January  . 
January  . 
January  . 
January  . 


Fort  Johnston. 
Fort  Moultrie. 
Augusta  arsenal. 
HuntsN'ille. 
Brunswick. 
Wniiamstown. 
Fort  Monroe. 


These  figures,  as  well  as  all  the  others  pertaining  to  temperature  and  rainfall,  have  been  taken  principally  from 
the  Smithsoniam  Gontributions,  Lorin  Blodgett,  in  his  Glimatology  of  the  United  States,  p.  150,  gives  figures  somewhat 
different.  Thus,  he  states  that  in  the  winter  of  1834  and  1835,  which  was  a  winter  of  extreme  cold  in  the  south, 
the  temperature  at  several  places  was  as  follows:  On  January  4,  at  Alexandria,  Virginia,  — 10°;  in  February, 
at  Richmond,  — 6°;  Korfolk,  +4°;  Fayetteville,  North  Carolina,  — 1°;  Greenville,  South  Carolina,  — 11°;  Athens, 
Georgia,  — lOfO;  Clarksville,  Ge'orgia,  —16°;  Milledgeville,  Georgia,  —9°;  Augusta,  Georgia,  —2°. 
672 


SOUTHERN  ATLANTIC  WATER-SHED. 


13 


The  following  table  gives  the  average  temperature  of  the  warmest  day  and  the  coldest  day  of  the  year,  calculated, 
by  Bessel's  formula,  from  the  recorded  observations : 


Place. 


11 

H 


So 
so   . 
p.    >, 


eg  X 

o  a 
III 


Fort  Brady,  Mloh 

Brunswick,  Me 

Kew  Bedforfl,  Mass 

New  Haven,  Conn 

Baltimore,  Md 

<!incinnati,  Ohio 

St.  Louis,  Mo 

Chapel  Hill,  If.  C    

JFort  Moultrie,  S.  C 

Port  Barrancas,  Pensacola,  Fla 


46  30 
43  54 
41  39 
41  18 
39  16 
39  06 
38  37 
35  68 
32  45 
30  21 


84  28 

69  57 

70  56 
72  57 
76  35 
84  30 
90  12 

78  54 

79  51 
87  18 


Feet. 
600 

74 

90 

45 

36 

540 

481 

570 

25 

20 


Deg. 

65.2 

67.9 
70.2 
72.4 
77.0 
77.9 
78.5 
78.9 
82.2 
82.6 


O'g- 

14.4 

19.5 
27.1 
25.7 
32.0 
32.3 
30.3 
40.9 
50.1 
52.9 


50.8 
48.4 
43.1 
46.7 
45.0 
45.6 
48.2 
38.0 
32<1 
29.7 


Yrs,  mo. 
32   1 

51   3 

58   1 

86   0 

36   0 

36   8 

41   0 

20   0 

32  11 

20  2 


d.  EAiNFAiL. — The  best  idea  of  the  rainfall  in  this  region,  as  well  as  over  the  whole  country,  and  of  its 
distribution  through  the  four  seasons,  can  be  obtained  by  consulting  the  charts  originally  published  in  ISTo.  353  of  the 
Smithsonian  Contributions  to  Knowledge,  where  the  whole  subject  is  exhaustively  discussed.  According  to  the  plan 
there  adopted,  of  dividing  the  United  States  into  a  number  of  districts  characterized  by  a  general  uniformity  in  the 
distribution  of  the  rainfall,  we  have  to  devote  our  attention  here  to  the  district  there  referred  to  under  type  viii. 
Its  characteristics  are  given  as  follows:  "  The  principal  maximum  late  in  July,  or  early  in  August,  with  two  small 
adjacent  minima,  about  the  middle  of  April  and  late  in  October.  The  subordinate  maxima  occur  in  March  and 
December.  Eange  very  large."  The  observations  from  which  this  type  curve  is  constructed  are  from  five  stations, 
all  on  the  coast.  The  curve  shows  that  the  monthly  rainfall  fluctuates  between  0.52  of  the  mean  monthly  rainfall 
(in  April)  and  1.92  of  that  mean  (in  August).  Hence  the  average  fluctuation  is  140  per  cent,  of  the  mean  monthly 
rainfall,  or^  in  other  words,  in  the  month  of  maximum  rainfall  the  fall  is  3.7  times  as  much  as  it  is  in  the  month  of 
minimum  rainfall.  For  «0Qvenience  of  reference  the  ratios  of  fluctuation  in  the  other  characteristic  districts  are 
copied  here : 

Per  cent  of  mean 

monthly  rainfall.  Bange. 

I.  Atlantic  coast,  Portland  to  Washington 0.84  to  1.2a  38 

II.  Hudson  river  valley 0.69  to  1.29  60 

III.  Upper  Mississippi  river 0. 51  to  1. 56  105 

IV.  Ohio  river  valley 0.74  to  1.40  66 

V.  Indian  territory  and  western  Arkansas 0.61tol.51  90 

VI.  Lower  Mississippi  and  Red  rivers 0.75  to  1. 19  44 

VII.  Mississippi  delta  and  Gulf  coast 0.68  to  1.37  69 

VIII.  Atlantic  coast,  Virginia  to  Florida 0.52  to  1.92  140 

IX.  Western  coast,  San  Franjoisco  to  Puget  sound 0.13to2.45  232 

As  already  stated,  the  ratios  for  type  VIII  were  deduced  irom  five  stations,  all  on  the  immediate  seaboard. 
The  points  regarding  which  the  distribution  of  the  rainfall  farther  inland  differs  from  that  on  the  coast  wiU  be 
noticed  sh'ortly.  This  ratio  varies,  however,  within  the  district  considered,  and  to  a  considerable  degree  in  different' 
latitudes.    The  following  table,  from  which  the  ratio  for  this  region  was  derived,  will  prove  of  interest : 


Month. 


1^ 


CO    . 

a  a 

Q  (D 


Phco 


January 

rebmary 

March 

April 

May 

June 

July 

Angost 

September 

October..... 

Kovember 

December 

1012  W  P— VOL  16 43 


0.86 
0.70 
0.85 
0.76 
0.99 
1.10 
1.36 
1.44 
1.19 
0.74 
0.84 
1.17 


0.65 
0.73 
0.90 
0.48 
0.95 
1.16 
1.63 
1.93 
1.42 
0.79 
0.65 
0.81 


0.68 
0.66 
1.10 
0  46 
1.01 
1.14 
1.69 
2.02 
1.29 
0.56 
0.56 
0.83 


0.72 
0.63 
0.92 
o;50 
1.22 
1.13 
1.91 
2.07 
1.15 
0.56 
0.44 
0.74 


0.51 
0,66 
0.72 
0.38 
0.68 
1.53 
2.60 
2.14 
1.24 
0.49 
0.43 
0.61 


0.68 
0.68 
0.90 
0.52 
0.97 
1.21 
1.84 
1.92 
1.26 
0.63 
0.66 
0.83 
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For  more  complete  tables  the  original  article  may  be  referred  to.    The  fluctuation  evidently  increases  as  we  go 
south,  and  it  may  be  assumed  with  suflcient  accuracy,  as  follows : 

'  Per  cent. 

Latitude,  340-37°;  fluctuation 75 

Latitude,  32°-34°  ;  fluctuation 145 

Latitude,  30°-32° ;  fluctuation 200 

As  regards  the  fluctuation  of  the  annual  rainfall  the  region  considered  does  not  differ  much  from  New  England 
and  the  middle  states,  as  the  following  table  will  show : 

Table  of  fluctuation  of  annual  rainfall  {fluctuation  in  per  cent,  of  mean  annual  fall). 


Place. 


Limits  of 
fluctnation. 


Per  cent. 


Number  of 
years  ot- 
served. 


BmnswicTi,  Me • 

Hanover,  N.H 

Bariington,  Vt 

Boston,  Mass 

Kew  Bedford,  Mass 

Providence,  K.  I 

If ew  Haven,  Conn 

Platbu3h,lf.Y 

PhiladelpWaiTa 

Washington,  D.  C 

Fort  Monroe,  Va 

Cliarleston,  S.  C 

Tort  Moultrie,  S.  C : 

Saint  John's,  S.  C 

Savannah,  G-a .^. _. 

Fort  Brooke,  Fla ; 

Marietta,  Ohio q. 

Saint  Lonis,  Mo „ 

I.  Atlantic  coast,  Maine  to  Virginia 

n.  Now  York  and  adjacent  parts  of  Canada^  New  Hampshire,  Massachusetts,  and  Vermont 

III.  Parts  of  Iowa,  Minnesota,  Illinois,  and  Wisconsin* 

IV.  Ohio  valley,  Ohio,  Indiana,  Illinois,  Kentucky,  and  part  of  Missouri 

V.  Indian  Territory  and  Arkansas* 

VI.  Louisiana,  Alabama,  and  West  Florida* 

VII.  Atlantic  coast,  Virginia  to  Florida* 


160-69 
139-79 
145-74 
150-67 
140-74 
130-74 
126-76 
135-74 
143-67 
143-62 
158-57 
151-54 
144-79 
133-58 
145-54 
168-67 
145-76 
163-64 
123-73 
122-76 
125-75 
126-71 
146-62 
140-72 
136-78 


71 
83 
66 
56 
50 
61 
76 
81 

101 
97 
65 
75 
91 

101 


1» 
2T 
41 
54 
36. 
23 
Si 
4a 
3» 
IQ' 
42- 
17 
14 
2J 
15 
48 
31 
63 
41 
4» 
4» 
23 
36 
24 


"Only  to  be  considered  rough  approximations,  on  account  of  small  number  of  stations. 

The  most  important  fact  connected  with  the  rainfall  is,  however,  that  its  distribution  in  the  mountains  and  in 
the  water-power  district  is  by  far  not  so  variable  as  on  the  coast,  a  fact  of  the  greatest  significance  as  regards  the 
flow  of  the  streams  and  the  amount  of  power  available.  I  shall,  further  on,  discuss  the  influence  on  the  flow  of  the 
streams  which  is  exerted  by  the  various  facts  relating  to  this  region,  so  that  at  present  it  is  only  necessary  to  mention 
the  fact  that,  in  the  case  of  many  of  the  streams  in  this  part  of  the  country,  the  rainfall  on  their  water  shed  above 
the  fall-line  is  almost  the  same  in  winter  as  in  summer,  and  even  in  some  cases  larger  in  winter.  A  glance  at  the 
Smithsonian  maps  will  convince  one  of  this  fact,  and  also  of  the  fact  that  the  distribution  is  irregular,  so  that 
there  is  no  gradual  change  in  the  law  governing  it,  as  we  proceed  from  south  to  north. 

As  regards  the  absolute  amount  of  rain  the  charts  give  the  best  idea,  and  to  them  I  would  refer.  The  average 
amount  varies  according  to  the  latitude  and  the  distance  from  the  coast.  The  following  brief  tables  will  show  to  what, 
extent : 

Table. of  average  rainfall  (inches). 


. 

North  Carolina  and  Virginia. 

South  Carolina. 

Georgia. 

East. 

Middle. 

West. 

Eadt. 

Middle. 

West. 

East. 

Middle. 

West. 

Tear 

50 

14 

10-12 

40-44 
10-14 
10-16 

44-50 

14-16 

14 

44 

14 

10-12 

44-50 
10-14 
14-16 

66 

14-16 

16 

44 
14 
10 

44 
10-14 
12-16 

46 
14-16 

la 

Summer 

Winter 
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Rainfall  table. 


Place. 


Gaston,  N.C 

Chapel  Hill,  If .  C 

Tort  Moultrie,  S.C 

Charleston,  S.  0 

Camden,  S.  C 

Saint  John's,  S.  C 

Waocamaw,  S.C 

Abbeville,  S.  C 

Aiken,  S.C 

Sparta,  Qa 

Savannah,  Ga 

Athens,  Ga 

Augusta,  Ga 

Brunswick,  Me 

Southern  Maine 

ITorthem  Maine 

New  Hampshire 

Hanover,  N",  H 

Massachusetts  to  New  Jersey  , 

"Western  New  York 

Cincinnati,  Ohio 

Detroit,  Mich 

Saint  Louis,  Mo 


I 


36  28 
35  68 
32  45 

32  47 
34  15 

33  18 

33  29 

34  13 
33  32 
33  17 

32  05 

33  57 
33  2B 
43  54 


43  42 


39  06 
42  20 
38  37 


77  38 

78  64 

79  51 

79  56 

80  31 
79  56 
79  17 

82  23 

81  34 

83  09 
81  05 
83  30 
81  63 
69  67 


84  28 
83  00 
90  16 


W 


Feet. 

152 

570 

25 

20 

240 

50 

20 

600 

563 

550 

42 

860 

350 

74 


530 


480 
580 
481 


CO 


Inches. 

12.12 

10.60 

9.75 

8.85 

12.10 

8.84 

8.28 

13.63 

10.78 

11.42 

10.39 

10.82 

13.19 

11.70 

9  to  12 

6  to    9 

9  to  12 

9,91 

12 

6to    9 

11.17 

8.51 

11.71 


a 
s 


Inches. 
11.88 
10.29 
18.37 
17.49 
18.17 
17.38 
14.88 
12.11 
16.51 
14.61 
20.81 
13.17 
11.93 
11.71 
10 

10  to  12 

10  to  14 
11.9 

10  to  14 

6  to  10 

12.67 

10.10 

13.01 


Inches. 

9.06 

10.68 

9.15 

10.20 

9.10 

8.93 

10.08 

6.65 

8.08 

10.22 

8.61 

7.11 

8.78 

11.42 

10  to  14 

10  to  12 

10  to  14 

10.58 

10  to  14 

8  to  10 

9.29 

8.44 

8.58 


.2 


Inches. 

10.34 

11.24 

8.24 

8.28 

11.12 

8.33 

9.96 

17.06 

11.88 

17.63 

8.86 

ie.09 

12.80 

9.84 

10  to  12 

8  to  10 

8  to  10 

9.08 

10  to  12 

6  to    8 

9.83 

5.79 

.  7.39 


Tear. 


Inches. 

43.40 

43.71 

45.51 

44.82 

60.49 

43.47 

43.20 

49.35 

47.25 

53.88 

48.67 

43.19 

46.78 

44.67 

44  to  50 

38  to  40 

38  to  44 

40.60 

44  to  50 

28  to  32 

42.96 

32.84 

40.69 


Yrs.  mo, 

1  8 
3  11 

17  1 
(5    5 

8  6 
13    2 

9  4 

2  10 
12  11 

9  0 
30  10 

7  5 
11  0 
32    1 


19    0 


41  11 
30  5 
40    0 


The  records  are  quite  incomplete  regarding  this  part  of  the  country,  most  of  the  stations  at  which  long  records 
have  been  kept  being  on  the  immediate  seaboard.  On  account  of  the  lowness  of  the  land  near  the  coast  and  its 
swampy  character  the  rainfall  will  increase  for  a  certain  distance  inland,  and  will  probably  reach  its  maximum 
between  the  coast  and  the  fall-line,  diminishing  from  that  line  inland,  but  reaching  a  second  maximum  in  the 
mountains.  Professor  Kerr,  in  his  report  of  the  Geological  Survey,  gives  the  rainfall  in  the  different  sections  of 
North  Carolina  as  follows : 

niches. 

Eastern  division 58. 1 

Middle  diTision 45.6 

Western  division  58.2 

State 53.1 

The  observations  from  which  these  figures  were  deduced  were  made  principally  between  the  years  1871  and  1875, 
and  from  records  furnished  by  Professor  Baird  it  is  evident  that  those  years  were  years  of  large  rainfall  all  along 
the  southern  Atlantic  coast,  the  rainfall  being,  on  the  whole,  considerably  greater  than  the  average  at  stations  where 
long  records  exist.  Professor  Kerr  thinks  45  inches  too  low  a  figure  for  N'orth  Carolina,  and  considers  53  inches 
more  nearly  correct.  It  seems  to  me,  however,  that  the  average  rainfall  for  North  Carolina  should  not  be  so  much 
greater  than  for  Charleston,  South  Carolina,  or  Savannah,  Georgia.  The  preceding  table,  taken  from  the  Smithsonian 
Contributions,  shows  the  results  of  observation  at  these  places,  as  well  as  at  others.  It  will  be  seen  that  there  are 
very  few  places  where  the  annual  rainfall  amounts  to  53  inches,  and  it  seems  to  me  that  45  to  50  inches  is  not  too  low 
a  figure  for  North  Carolina,  according  to  all  the  information  that  I  can  at  present  gather.  I  have  estimated  from 
the  Smithsonian  charts  the  amount  of  rainfall  for  each  river-basin,  and  the  results  are  given  in  considering  the  rivers 
separately.  I  have  endeavored  to  make  the  estimate  too  low  rather  than  too  high,  so  as  not  to  overestimate  the 
powers. 

Snow. — Snow  falls  in  all  parts  of  the  region  under  consideration.  The  average  for  three  years  at  five  stations 
in  North  Carolina  gave  a  mean  depth  of  6  inches  for  the  state.*  In  Georgia  snow  is  rare,  and  seldom  impedes 
communication,  although  it  has  been  known  to  fall  at  several  places  to  a  depth  of  3  feet.t 

Fogs  are  very  rare  in  all  the  district  considered. 

As  regards  cloudiness,  Loomis  gives  the  average  cloudiness  for  the  New  England  states  as  0.53,  and  for  the 
southern  states  as  0.47.| 

Freshets.— A\\  the  rivers  in  this  region  are  subject  to  quite  heavy  freshets,  not  differing  much,  however,  so  far 
as  I  can  learn,  from  those  in  the  northern  states,  except  as  regards  cause  and  times  of  occurrence.  As  there  is  little 
snow,  there  are  no  freshets  to  correspond  with  the  ice-freshets  at  the  north  on  the  breaking  up  of  the  rivers,  and 

*  Professor  Kerr's  report.  t  Blodgett's  Climatology,  p.  147.  XMeteorology,  p.  103. 
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thus  oue  of  the  destructive  elements  of  the  freshets  is  removed.  The  freshets  are  irregular  in  the  times  of  their 
occurrence,  their  duration,  and  the  heights  to  which  the  water  rises,  so  that  any  further  remarks  concerning  them 
will  be  postponed  until  each  river  is  considered  by  itself. 

•  e.  Evaporation  and  moisture. — Theevaporativepoweroftheatniospherebeingdeterminedbyitstemperature 
and  its  hygrometric  state,  a  few  remarks  regarding  the  latter  seem  to  be  called  for,  the  temperature  having  already 
been  considered.  I  have,  however,  been  unable  to  find  much  information  regarding  the  moisture  in  the  air  at 
different  places,  but  have  noticed  the  fact  that  the  relative  humidity  of  the  air  seems  to  diminish  as  we  proceed  from 
south  to  north  in  the  district  under  consideration.  Professor  Kerr,  in  his  report  on  the  geology  of  Forth  Carolina, 
gives  the  results  of  hj^grometric  observations  at  Wilmington  and  Charlotte,  and  Blodgett,  in  his  Climatology,  has 
given  some  .figures  for  New  Orleans  and  Saint  Louis.  It  appears  from  them  that  the  average  relative  humidity  for 
the  year  is  as  follows  at  these  places :  Wilmington,  57  per  cent. ;  Charlotte,  65  per  cent. ;  New  Orleans,  86  per  cent. ; 
Saint  Louis,  67  per  cent. ;  London,  80  per  cent. 

The  daily  records  of  the  observations  in  North  Carolina  show  that  at  no  time  in  the  months  of  June,  August, 
and  October  (the  only  ones  for  which  the  results  are  given)  does  the  relative  humidity  exceed  97  per  cent.  Only 
once  did  it  reach  97  per  cent.,  once  95  per  cent.,  and  twice  90  per  cent.  Observations  in  Atlanta,  for  eleven  months 
in  1876,  give  the  average  relative  humidity  at  about  60  per  cent.,  and  show  that  in  nine  months  of  the  year  the 
maximum  was  100  per  cent.,  and  in  no  month  less  than  93  per  cent.  The  observations  are  not  extended  enough  to 
serve  as  a  basis  for  any  general  conclusions,  but  it  seems  evident  that  the  moist  winds  from  the  Gulf  deposit 
a  large  proportion  of  their  moisture  in  the  first  few  miles  of  their  course,  and  after  that  deposit  less  and  less, 
and  become  drier  and  drier,  thereby  increasing  the  evaporation  as  we  proceed  north.  Other  things  being  equal, 
and  especially  the  distribution  of  the  rainfall  throughout  the  year,  the  southern  streams  would  discharge  a  smaller 
proportion  of  the  rainfall  in  their  drainage-basins  than  the  northern  ones  in  the  district  considered.  But  the 
distribution  of  the  rainfall  is  not  the  same,  so  that  this  conclusion  cannot  be  drawn  at  once. 

Before  proceeding  to  discuss  the  effects  exerted  by  the  facts  which  have  been  stated  on  the  water-power  of  the 
district  under  discussion  it  is  desirable  to  show  what  the  essential  elements  of  a  water-power  are,  and  how  they 
may  be  varied  by  the  various  climatic  and  other  influences. 

plow  of  streams. 

The  essential  elements  of  a  water-power  are  the  fall  and  the  quantity  of  water;  and  the  amount  of  fall  being 
a  fixed  quantity,  capable  of  being  measured  once  for  all,  and  therefore  not  needing  discussion,  it  is  necessary  to 
determine  the  amount  of  water  that  a  given  stream  will  afford  at  a  certain  point  and  the  variation  in  the  flow  from 
month  to  month. 

The  average  amount  of  water  carried  past  a  certain  point  in  a  year  depends  upon  the  amount  and  distribution 
of  rainfall,  the  area  of  the  drainage-basin,  and  the  character  of  that  basin.  All  the  water  carried  by  is  derived 
from  the  rainfall,  but  of  the  total  rainfall  a  certain  amount  is  lost  in  the  following  ways :  by  percolation  and 
discharge  through  subterranean  channels ;  by  evaporation  from  the  soil  and  the  surfaces  of  streams ;  by  absorption 
through  the  roots  of  trees,  shrubs,  and  grasses,  and  subsequent  evaporation.  The  amount  discharged  by  the 
streams  will  be  greater  as  these  sources  of  loss  are  diminished,  and  the  problem  before  us  is  to  determine  fot  each 
particular  case  what  proportion  of  the  rainfall  is  so  discharged;  and  we  must,  moreover,  endeavor  to  find  out 
the  laws  regulating  the  distribution  of  the  flow  through  the  year,  and  from  year  to  year.  In  the  case  of  most 
streams  the  flow  varies  greatly  from  day  to  day,  and  from  month  to  month,  being  occasionally  in  times  of  freshet  50, 
100,  and  even  several  hundred  times  its  minimum  volume.  Thus  the  table  given  further  on  shows  that  the  Potomac 
river  at  Cumberland  has  been  known  to  discharge  a  quantity  716  times  as  great  as  its  minimum  discharge,  while 
the  maximum  discharge  of  the  Merrimac  is  only  44  times  its  minimum  discharge.  A  great  fluctuation  in  flow  is 
evidently  an  obstacle  to  the  extensive  use  of  water-power,  making  it  necessary  to  depend  only  on  the  flow  at  times 
when  the  stream  is  low,  or  to  use  auxiliary  steam-power,  or  to  store  the  freshet  water  in  reservoirs,  and  so  increase 
the  flow  in  dry  seasons.  It  is  necessary,  therefore,  to  discuss,  to  some  extent,  the  total  amount  discharged  by  streams 
(or  the  proportion  of  the  rainfall  flowing  off),  and  the  manner  in  which  that  total  amount  is  distributed  through 
the  year.  As  regards  the  first  of  these  questions,  it  has  generally  been  customary  to  assume  a  certain  fixed 
proportion  of  the  annual  rainfall  as  flowing  from  the  surface  and  discharged  by  the  streams;  but  it  has  always  been 
recognized  that  the  proportion  to  be  thus  assumed  varies  greatly  according  to  numerous  circumstances,  such  as 
the  area  and  form  of  the  drainage-basin;  the  distribution  of  the  rainfall  through  the  year,  as  well  as  its  amount; 
the  extent  of  the  forests;  the  number  and  extent  of  lakes;  the  character  of  the  soil  and  rocks,  and  the  state  of 
cultivation;  and  all  of  these  factors  affect  not  only  the  total  discharge  of  a  stream,  but  also  its  distribution.  With 
a  given  water-shed,  in  any  particular  year,  a  certain  proportion  of  the  rainfall  will  be  discharged  and  distributed  in 
a  certain  way,  but  both  that  proportion  and  that  distribution  are  liable  to  change  if  any  one  of  the  above 
conditions  are  altered.  Thus  the  greater  the  area  of  the  water-shed  the  more  uniform  the  flow,  other  things  equal, 
because  streams  draining  small  areas  are  more  subject  to  the  effects  of  sudden  rains  than  those  draining  large  ones; 
and  while  in  the  former  case  there  may  be  weeks  at  a  time  when  no  rain  falls  on  the  basin,  and  the  stream  draining 
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it  almost  dries  up,  in  the  latter  case  there  will  probably  be  frequent  rains  on  some  part  or  other  of  the  basin.  The 
table  given  further  on  illustrates  this  point  by  showing  that,  as  a  rule,  the  ratio  of  maximum  to  minimum  discharge 
is  greater  in  the  case  of  small  streams  than  in  that  of  large  ones.  And,  in  like  manner,  the  form  of  the  drainage- 
basin  exerts  a  certain  influence.  The  distribution  of  the  rainfall  is  a  very  important  point,  and  as  an  example  of 
the  great  variability  of  the  proportion  of  the  rainfall  discharged  from  the  same  water-shed  in  different  years  the  case 
of  the  drainage  area  of  the  Albany  water-works  may  be  cited,  where  from  an  area  of  2,600  acres  in  1850,  between  May 
and  October,  inclusive,  41^  per  cent,  of  the  rainfall  was  carried  off  by  the  atreams,  while  in  1851,  within  the  same 
period  (from  May  to  October),  82.6  per  cent,  was  discharged.*  Hence  it  is  that  the  year  of  minimum  rainfall  may  not 
be  the  year  in  which  the  streams  get  lowest,  or  the  one  in  which  the  season  of  absolute  minimum  flow  occurs.  An 
eminent  authority  has  remarked:  "This  (the  year  with  the  season  of  least  flow)  is  not  necessarily  the  year  of  least 
rainfall,  nor  even  the  year  of  greatest  apparent  drought,  but  is  the  result  of  such  a  distribution  of  the  rainfall  that 
the  excess  of  water  over  the  amount  needed  for  sustaining  vegetation  and  supplying  losses  by  evaporation  is  very 
small  for  several  successive  mouths."  t  The  proportion  of  the  rainfall  discharged  by  streams  is  therefore  a  very 
uncertain  and  variable  quantity,  varying  not  only  for  different  streams,  but  for  the  same  stream  in  different  years ;  and 
it  is  evident  that  the  attempt  to  deduce  the  distribution  of  the  flow  of  streams  by  taking  certain  proportions  based 
on  the  rainfall  is  still  more  uncertain.  Hence  it  is  that  some  eminent  engineers  have  given  up  the  use  of  any 
proportion  at  all  in  calculations  regarding  the  capacity  of  streams  to  furnish  water-supply,  and  have  adopted  for  this 
clim^e  a  certain  fixed  number  of  inches  of  rainfall  as  available.  Mr.  Croes  has  remarked  in  another  place |  that 
"the  few  records  that  exist  of  the  flow  from  known  drainage  areas  establish  the  fact  that  not  over  15  inches  per 
annum  can  be  depended  upon  on  the  Atlantic  slope,  and  many  engineers  who  have  devoted  a  good  deal  of  attention 
to  the  subject  are  very  decided  in  their  opinion  that  not  more  than  11  inches  should  in  any  case  be  calculated  on"- 
The  following  table  is  copied  from  the  same  source : 

Small  annual  yield  of  streams. 


stream. 


Drainage 
area. 


Tear. 


Bain. 


Discharge. 


Eaton  brook,  N.  T , 

f  atroon's  creek,  If.  T 

CocMtaate,  Hass 

West  branch  of  Croton,  N.  Y, 

Croton,  N.  Y 

Croton,  N.  T 

Coimecticut,  Conn 


Sq.  miUe. 
9.4 

12.5 

19.0 

20.0 

339.0 

339.0 

10234.  0 


1835-'36 

1851 

1870-'71 

1870-71 

1864 

1872 

1877 


Inches. 
35.68 

36.75 

43.96 

39.36 

40.80 

40.74 


Iiviheg. 
16.67 

17.53 

12.  62 

18.88 

14.89 

19.00 

21.71 


In  order  to  utilize  all  the  discharge  given  in  the  last  column  a  certain  amount  of  storage- room  will  be  required, 
owing  to  the  variation  of  the  flow  in  different  months. 


It  may  not  be  out  of  place  to  devote  a  few  lines  here  to  a  closer  consideration  of  the  causes  affecting  the 
fluctuations  in  the  flow  of  streams.  Evaporation,  the  principal  source  of  loss,  acts  in  different  months  with  very 
different  degrees  of  intensity,  being  generally  greatest  in  the  summer  months  and  least  in  the  winter.  It  is 
sometimes  the  custom,  in  calculating  the  amount  of  water-supi)ly  available  for  the  use  of  a  town,  to  assume  a  certain 
proportion  of  the  rainfall  of  each  month  as  collectible  or  as  discharged  through  the  streams,  that  proportion  varying 
from  20  or  30  per  cent,  in  summer  months  to  70  or  80  per  cent.,  or  even  over  100  per  cent.,  in  others.  Now,  if  we 
assume  that  the  rainfall  at  any  particular  time  reaches  the  streams  within  a  short  time  after  it  has  fallen,  say  within 
a  month  or  so,  then,  if  the  rainfall  is  uniformly  distributed  throughout  the  year,  the  flow  of  the  streams  will  decrease 
a§  the  evaporation  increases,  and  will  be  several  times  greater  in  some  month  (the  month  of  maximum  flow) 
than  in  some  other  month  (the  month  of  minimum  flow).  If,  now,  the  rainfall  be  so  distributed  that  in  the  months 
when  the  evaporation  is  least  the  greatest  rainfall  occurs,  it  is  evident  that  the  proportion  of  the  rainfall  discharged 
will  be  greater  than  in  the  first  case,  while  the  variability  of  the  flow  will  also  be  greater.  In  this  case,  then,  a 
larger  amount  of  water  will  be  available,  but  the  storage  necessary  will  also  be  larger,  while  the  minimum  and 
low-season  flow  of  the  stream,  without  storage,  will  be  less  than  before. 

Again,  if  the  rainfall  be  so  distributed  that  the  greatest  rainfall  occurs  in  those  months  in  which  the  evaporation 
is  greatest,  the  proportion  of  the  rainfall  discharged  by  the  streams  will  be  less  than  in  the  first  case,  but  the  flow 
■vrill  be  more  uniform.  In  this  case,  then,  a  smaller  amountof  water  will  be  available,  bufthe  necessary  storage  will 
be  less,  while  the  minimum  flow  of  the  stream,  without  storage,  will  be  greater  than  in  either  of  the  previous  cases. 
Hence  we  see  how  the  distribution  of  the  rainfall  and  the  amount  of  the  evaporation  affect  the  flow  of  the  streams. 


*HUGHES,  Waterworlcs,  p.  332.  t  Engineenng  ^em,  March  20,  1880,  p.  104. 

t  Newark  Aqueduct  Board,  Eeport  on  Additional  Water  Supply,  by  J.  J.  E.  Croes  and  G.  W.  Howell,  1879. 
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and  by  cousiclering  these,  as  well  as  the  other  elements  affecting  water-power,  we  may  be  able  to  judge  of  the  relative 
value  of  two  streams,  and  to  form  some  estimate  of  their  flow,  even  if  no  gaugings  are  at  hand,  although  such 
estimates  are  very  rough  and  liable  to  be  greatly  in  error. 

Two  elements  of  a  good  water-power  are,  large  flow,  or  large  proportion  of  rainfall  available,  and  uniform 
flow.  The  flow  may  be  large,  but  if  it  is  very  variable  the  storage-room  necessary  to  utilize  it  all  may  be  too  large, 
while  a  small  flow,  if  uniform,  could  be  utilized  without  any  storage  at  all  (except  where  it  is  desired  to  concentrate 
the  power  into  less  than  twenty-four  hours).  But  the  remaining  factors  above  named  affect  very  materially  the 
flow  of  streams,  both  in  amount  and  in  constancy,  viz,  soil,  forests,  lakes.  The  effect  of  these  is  felt  in  so  many 
ways  that  it  would  not  be  the  place  here  to  discuss  them  extensively.  But,  as  showing  what  principles  have' 
guided  me  in  maldng  my  estimates  of  the  flow  of  the  various  streams,  I  may  be  permitted  to  sum  up  here  briefly 
these  effects.  A  deep  and  porous  soil,  if  underlaid  by  an  impervious  stratum,  down  to  which  the  streams  have 
cut  their  beds,  has  the  effect  of  diminishing  the  evaporation  and  rendering  the  flow  of  the  streams  more  constant. 
In  some  cases,  however,  and  especially  when  the  streams  have  not  cut  down  to  an  impervious  bed  (that  sheds  the 
water  that  percolates  to  it),  a  deep  and  pervious  soil  is  accompanied  by  considerable  loss  by  flowage  in  subterranean 
courses,  so  that  the  flow  of  the  streams  may  be  diminished.  It  does  not  seem  as  though  this  were  the  case  in  the 
southern  states.  The  action  of  lakes  in  regulating  flow  is  evident,  but  it  is  next  to  impossible  to  estimate  it 
numerically.  They  exert  a  more  important  influence  in  this  respect  than  any  other  factor  entering  into  the 
question.  As  regards  forests,  I  am  constrained  to  speak  of  their  action  somewhat  at  length  because  of  the  fact 
that,  on  account  of  the  climatic  conditions  in  some  parts  of  the  district  under  consideration,  their  influence  may  be 
overestimated.  Although  authorities  are  not  agreed  as  to  whether  forests  increase  the  actual  amount  of  rainfall, 
the  weight  of  evidence  seems  to  be  tending  to  prove  that  they  do  not.  All  are  agreed,  however,  that  they  act  as 
great  regulators  of  the  flow  of  streams.  According  to  the  results  of  the  experiments  at  the  Bavarian  experiment 
stations  tlie  action  of  forests  is  as  follows  :* 

1.  They  decrease  the  temperature  of  tlie  ground,  but  in  winter  the  effect  is  inaj^preciable. 

2.  They  decrease  the  temi)erature  of  the  air  during  the  daytime,  but  in  winter  to  an  inappreciable  extent,  and 
increase  it  during  the  night  in  winter  much  more  than  in  summer. 

3.  They  have  no  influence  on  the  absolute  humidity  of  the  air,  but  they  increase  greatly  its  relative  humidity, 
and  to  a  large  extent  at  all  seasons,  but  greater  in  summer  than  in  winter. 

4.  They  decrease  evaporation  from  a  free  water- surface,  and  to  an  almost  equal  extent  at  all  seasons,  and  also 
the  evaporation  from  moist  earth. 

6.  Trees  themselves  evaporate  so  much  that  the  total  evaporation  from  woods  is  greater  than  from  open  ground. 

6.  They  decreasfi  the  amount  of  rainfall  which  reaches  the  ground  by  intercepting  part  of  it  by  their  leaves 
and  branches. 

7.  They  exert  no  influence  on  the  distribution  of  rainfall  throughout  the  year. 

8.  They  have  but  a  small  effect,  if  any,  in  increasing  the  rainfall,  but  that  effect  is  much  greater  in  summer  than 
in  winter,  and  increases  with  the  elevation  above  the  sea. 

9.  They  have  no  appreciable  effect  in  increasing  the  total  quantity  of  water  penetrating  the  ground,  but  in 
winter  they  decrease  that  quantity,  while  in  summer  they  increase  it  very  considerably.  The  forests,  therefore, 
■diminish  the  quantity  of  water  flowing  directly  from  the  surfa,ce  in  summer,  and  by  storing  it  up,  to  be  given  out 
gradually,  contribute  to  the  constancy  of  the  streams.     (See  page  20  for  further  remarks.) 

I  will  now  proceed  to  explain  the  general  method  I  have  followed  in  estimating  the  flow  of  the  streams  in  this 
district.  In  calculating  the  amount  of  water-power  available  I  have  considered  the  flow  of  streams  chiefly  with 
reference  to  four  quantities,  viz  : 

1.  The  absolute  minimum  flow. 

2.  The  minimum  low-season  flow. 

3.  The  maximum  flow  available  with  storage. 

4.  The  low-season  flow  in  ordinarily  dry  years,  but  not  the  driest. 

a.  The  absolute  minimum  flow  determines  the  maximum  power  which  the  stream  will  afford,  at  a  given  point, 
at  all  times;  but  as  this  minimum- flow  generally  occurs  during  a  period  of  not  over  a  few  days  at  intervals  of 
several  years,  it  is  not  of  so  much  importance  as  the  other  quantities,  and  if  only  this  flow  is  utilized  there  will  be 
a  large  amount  of  water  wasting,  even  in  the  low  season,  for  years  in  succession.  The  amount  of  this  flow  is  best 
approximated  to,  probably,  by  assuming  a  certain  discharge  per  square  mile  of  water-shed,  varying  with  the  area 
of  the  water-shed  and  the  local  and  climatic  conditions.  In  estimating  this  flow  I  have  made  use  of  the  results 
given  in  the  table  on  page  20. 

b.  The  minimum  low-season  flotv  is  the  smallest  average  amount  flowing  during  a  period  of  from  six  to  three 
weeks,  generally  in  summer,  when  the  stream  is  at  its  lowest.  In  most  years,  the  average  flow  during  the  season 
of  least  flow  exceeds  this  amount.    It  may  therefore  be  depended  upon  at  all  times,  except  for  intervals  of  a  day 

*Ebermaykk:   Die  pliysikaUschen  Mmvirlcungen  dm  Waldes  auf  Lnft  tmd  Boden,  nnd  seine  IcUmatologische  nnd  hygietmche  Bedeutung. 
Berlin,  1873. 
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■or  two,  perhaps  several  days  at  a  time,  during  whicli  the  flow  approaches  its  absolute  minimum,  and  may  be 
rendered  available  at  all  times  by  a  small  amount  of  storage.  In  ordinary  years  there  will  be  an  excess  almost  all 
the  time. 

This  minimum  summer  flow  can  probably  be  best  estimated  by  comparison  with  experimental  results,  some  of 
■which  arc  given  in  the  table  on  page  21.    But  iu  most  cases  I  have  estimated  it  as  follows  : 

1.  Seven-teuths  of  the  mean  annual  rainfall  may,  in  general,  be  considered  the  minimum  rainfall. 

2.  Forty  per  cent,  of  this  may,  on  the  avei'age,  for  tolei-ably  large  drainage  basins,  be  considered  to  be  discharged 
■foy  the  streams,  subject  to  variation,  however,  according  to  local  and  climatic  conditions ;  but  in  no  case  should  the 
amount  determined  in  this  way  as  the  total  amount  discharged  iu  a  year  exceed  say  10  to  13  inches.  If  it  does, 
not  over  10  to  13  inches  should  be  assumed.  The  storage  necessary  to  render  this  flow  available  at  all  times  I  am 
unable  to  calculate  with  the  data  at  hand. 

3.  The  distribution  of  this  flow  through  the  year  may  be  estimated  from  the  results  of  the  table  on  page  21, 
"bearing  in  mind,  however,  in  estimating  the  coefficient  which  expresses  the  proportion  of  the  mean  monthly  rainfall 
which  is  discharged  in  the  driest  month,  the  various  remarks  concerning  the  district  considered,  on  pages  22 
to  24. 

c.  By  increasing  the  storage-room  a  larger  flow  may  be  rendered  available.  In  regard  to  the  amount  of 
increase  possible,  I  have  assumed  that  10  to  13  inches  is  all  that  can  be  depended  on  permanently.  Perhaps 
11  to  13  inches  may  be  assumed  for  New  England  and  the  middle  states.  In  the  region  we  are  considering, 
according  to  the  remarks  on  pages  16  to  18, 1  have  modified  these  figures  by  taking  them  somewhat  smaller, 
on  the  supposition  that  the  percentage  of  rainfall  discharged  is  smaller.  This  will  agree  pretty  closely  with  the 
available  annual  flow  in  very  dry  years ;  for  if  we  take  40  per  cent,  of  the  rainfall  as  available,  and  0.7  of  the 
mean  annual  rainfall  for  the  rainfall  during  a  dry  year,*  we  shall  have  for  a  rainfall  of  40  and  50  inches,  respectively, 
11.2  and  14  inches  available. 

Any  calculations  respecting  the  amount  of  storage  necessary  can  only  be  rough  approximations,  and  may, 
perhaps,  prove  entirely  fallacious,  on  account  of  the  total  absence  of  data  regarding  the  flow  of  the  streams  in  different 
months.  A  comparison  and  a  study  of  all  the  data  that  I  can  find  regarding  other  streams  has  led  me  to  the 
opinion  that  the  storage  necessary  to  render  the  above  quantity  available  will  be  between  3  and  4  inches  on  the 
water-shed,  varying  according  to  the  various  local  and  climatic  conditions  (see  pages  8  to  16)  and  according 
to  the  area  of  the  water-shed,  being  greater  for  small  water-sheds  than  for  large  ones.  But  this  is  a  very  rough 
approximation. 

d.  The  mean  low -season  flow  in  dry  years  (but  not  the  driest)  I  have  approximated  by  taking  11  to  16  inches 
-of  rainfall  available,  and  taking  a  certain  proportion  of  this  as  the  amount  flowing  in  the  one  or  two  months 
of  the  season  of  low  flow,  according  to  the  table  on  page  21,  modified  somewhat  according  to  circumstances;  or,  in 
many  cases,  by  simply  increasing  by  one-seventh  the  estimate  of  the  minimum  low-season  flow.  Without  storage, 
this  flow  may  generally  be  depended  upon,  except  in  low  seasons  of  very  dry  years,  when  the  supply  may  be 
deficient  for  several  weeks  at  a  time.    In  ordinary  years  one-quarter  more  may  be  calculated  upon. 

In  all  cases  referring  to  low-season  flow  the  flow  will  generally  be  at  least  twice  as  great  for  nine  months  in 
the  year. 

Any  attempt  to  utilize  the  mean  annual  flow  would  result  in  failure  of  supply  in  very  dry  years. 

It  is  a  question  to  be  determined  in  each  case  separately,  from  financial  and  other  considerations,  how  much 
power  it  will  be  desirable  to  utilize,  with  due  consideration  of  such  points  as  the  length  of  time  during  which  the 
supply  will  fail  and  cost  of  supplementary  steam-power. 

In  view  of  the  uncertainty  of  this  subject,  the  estimates  which  I  have  made  must  all  be  considered  only  rough 
approximations,  but  on  account  of  lack  of  data  I  am  unable  to  make  them  more  reliable. 

*  Fanning:  Treatise  on  American  Water-Supply  Engineering. 
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The  following  tables  have  already  been  referred  to,  and  are  compiled  from  various  sources : 

Table  showing  extremes  of  flow  for  some  American  streams. 


1 

Mean  rainfall,  inches. 

Extremes  of  flow. 

^-8 

O  Pi 

— —— 

Place. 

1 

a 
s. 

1 

I 

Eemarks  on  character 
of  drainage  basin. 

■OtS 

1 

til 

Eiver. 

■g 
<S 
o 

^  o 

as 

1 

Authority  and  re- 
marks.      ' 

1 

be 

i 
i 

1 

1 

H 

1 

1^ 

■a* 

1^ 

.9  p< 

.g 

1 

ft 

j9   (Q 

III 

o 

3,698.00 

10 

11 

13 

9 

43 

1, 638. 00 

0.414 

J.  B.  Francis,  quoted 
by  J.P.Kirkwood. 

ervoirs.    Wooded. 

Merrimack  .. 

Lawrence ^. .. 

4,136.00 

10 

11 

13 

9 

43 

Lakes  and  artificial  res- 
ervoirs.   Wooded. 

'  96,782 

2, 192. 09 

44 

0.530 

C.  Herschel. 

Concord 

Lowell 

352. 00 

11 

11 

12 

10 

44 

4,449 

59.84 

74 

0.170 

C.  Herschel. 

Sadbury 

Framingham 

78.00 

n 

11 

12 

10 

44 

Hilly    and     swampy. 
One -sixth   to     one- 
eighth  wooded. 

3,228 

2.80 

1,153 

0.036 

A.  Fteley. 

Charles 

236. 00 

11 

11 

12 

10 

44 

Hilly  and  rolling 

44.00 

0.188 

J.  P.  Kirkwood. 

24.00 

11 

11 

12 

10 

44 

3.24 

0.135 

J.P.FrizelL 

Mass. 

Hartford 

10,234.00 

10 

12 

12 

10 

U 

207,443 

5  219  00 

40 

0  610 

T.  G.  EUis. 

artificial  reservoirs. 

Wooded.  Mountain- 

ous in  parts. 

Dartmoath 

3, 287. 00 

10 

12 

12 

10 

44 

Numerous  lakes  and 
artificial  reservoirs. 

1,006.00 

0.306 

Wooded.  Mountain- 

ous in  parts. 

SouBatoQic . . 

790. 00 

1? 

12 

12 

10 

46 

130  00 

0  165 

H.  Loomia,  Kept  K. 
T.  Com.  Pub.  Wks.,- 

1879. 

338. 82 

n 

13 

13 

in 

^H 

25,367 

J.  J.  E.  Croes  and  Of. 
W.  HowelL 

Y-  Br.  CrotOD 
Passaic 

20.37 

n 

13 

13 

in 

4R 

1,109 

2,722 

J.  J.  E.  Croes. 
J.  J.  E.  Croes  and  G.. 
W.  HowelL 

855.00 

^9, 

14 

12 

in 

4R 

Somo        lakes       and 

178  00 

0  208 

swamps.    Hilly. 

Fassaic 

981.  CO 

n 

14 

12 

in 

48 

Some       lakes       and 

19, 944 

225  GO 

88 

0  230 

J.  J.  R.  Croes  and  Gi 
W.  Howell. 

swamps.    Hilly. 

Delaware  — 

Lambertville 

6,500.0± 

11 

13 

11 

9 

44 

Hilly     and      rolling. 
Many  lakes.     Well 
wooded. 

350, 000 

2, 000.  00 

175 

0.300 

Ashbel  Welch. 

Schuylkill... 

Philadelphia 

1, 800. 00 

12 

14 

10 

9 

45 

HiUy  and  rolling.    No 
lakes.     Some  reser- 

f 307.01 

1  *^  r 

{"'! 

E.  F.Smith  and  H.  P. 

voirs. 

I  378.  Oj 

io.2lJ 

M.Blrkinbine. 

Hockeusack  . 

84.00 

IV, 

14 

12 

10 

48 

±'iat.    .No  lakes  or  res- 

27 00 

0.  33(?) 

C.  D.  Ward. 

ervoirs,  except  mill- 

pooda. 

Ohio 

Pittsburg 

19, 900. 00 

Ifl 

12 

9 

in 

41 

Hilly  and  mountainous. 

2, 271. 00 

0.114 

J.  H.  Harlow. 

No  lakes.  Wooded. 

Potomac 

Cumberland 

920. 00 

10 

12 

9 

8 

39 

65 

Narrowvalleys.  Steep 
slopes.  Wooded.  No 
lakes. 

17, 900 

25.00 

716 

0.022 

W.K.Hutton  and  Pat- 
terson. 

Potomac 

Dam  No.  5 

4,640.0± 

11 

12 

9 

8 

40 

153 

Narrowvalleys.  Steep 
slopes.  Wooded.  No 
lakes. 

92,772 

363.00 

265 

0. 0783 

Quoted  by  W.  B.  Hut- 
ton. 

Potomac 

Great  Falls 

11,476.00 

1?, 

13 

fl 

R 

42 

244 

Country  more  open. 
No  lakes. 

1, 063. 00 

0.093 

W.  E.  Hutton. 

Book  Creek.. 

Hoyle'sMffl 

64.40 

11 

12 

11 

« 

42 

18 

Quoted  by  W.  R.  Hut- 
ton. 
Gill,  Scott,  and  Hut- 

Kanawha 

Charleston  pool . . . 

8, 900. 00 

12 

13 

9 

10 

44 

270 

■ 
Mountainous.     Steep. 

120, 000  ± 

1, 100. 00 

110 

0.123 

No  lakes.   Wooded. 

ton. 

Greenbriar . . 

Mouth  of  Howard's 
Creek. 

870.  00 

11 

12 

8 

9 

40 

60 

Mountainous.     Steep. 
No  lakes.  Wooded. 

97.00 

0.120 

McNftill 

Shenandoah  . 

Near  Port  Kepub- 

770. 00 

12 

13 

8 

8 

41 

Hilly.  Limestone.  No 
lakes.  Many  springs. 

128  00 

0  167 

James  Herron. 

lie. 

Jamea 

Eichmond 

6, 800, 00 

12 

12 

9 

10 

43 

Mountainous  in  upper 
part.       No      lakes. 

1,800.0-f 

0.191 

H.  D.  Whitoomb  and 
W.E.Cutshaw. 

Wooded. 

NearKaleigh 

1, 000.  00 

12 

13 

10 

10 

45 

Open.    Clay  and  loam. 
No  lakes.     Few  ex- 

0.193 

W.     C.     Kerr,      low 
water. 

tensive  woods. 
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Table  of  monthly  flow  in  dry  years. 
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Rivers. 


Croton 

Concord 

Merriiuaok  . 
Conneoticnt 
SohuylMU*  . 


352 
4,136 
1i0,234 
1,800 


Flow  in  iuclies  on  wator-slied. 


m 


0.  20  0.  35  0.  53 
0.25  0.32  0.36 
0.  66  0.  70  0.  77 


0.65 
0.27 


0.  68.0.  71 
0.  30  0.  38 


0.03 
0.43 
0.85 
0.74 
0.40 


0.87 

0.54 

1.00 

0. 

0.53 


xn 


0.04 
0.68 
1.13 
0.00 
0.63 


Ol 


1,52 
0.81 
1.30 
1.28 
0.68 


« 


M 


1.  63  1.  80  1.  90  2.  08  2.  27 
1.  07,1.  3c'l.  70  3;  15  3.  62 
1.03  1.  08'2.  55  8.225.42 
1.51.1.80  2.  02|3.  284.  71 
0.  79  0.  88  0.  98  1.  08 1.  69 


14.72 
13.33 
21.13 
19.16 
8.60 


Eatio  of  monthly  to  moan  flow. 


0. 16  0.  39  0.  43  0.  51  0.  71  0.  77 
0.  220.  29I0.  32,0.  39  0.  49  0.  61 


2*1, 


1, 

0.76 

0.74 


jO.  38  0.  40  0.  44  0.  48  0.  57  0.  64 
0.  4l'o.  43  0.  45  0.  46|6.  55  0.  56  0.  80 
0.  38  0.  42  0.  54  0.  57,0.  75  0.  88  0. 


0.96 
0.87 
1.95 
1.12 


1.47 
1.23 
1.12 
1.13 
1.24 


1.55 
1.53 
1.45 
1.26 
1.38 


H 


1.70 
1.94 
1.83 
2.06 
1.52 


1.85 
3.26 
3.08 
2.95 
2.24 


TeMe  of  monthly  average  flotc  for  a  series  of  years. 


Croton 

Concord  

Merrimack. 
Connecticut 


I 
2.  30,2.  57 

1.  251.  52 


339  0.  56  0.  95  1. 12  1.  21 1.  43  1.  82 
353  0.  39  0.  46  0.  51  0.  61  0.  70  0.  96 
4, 136  0.  77  0.  68.1.  06 1.  26 1.  SSJl.  80  2. 13  2 
10,  234  0.76  0.  85,0. 9ljl.  101.  34  1,  58  2.  00  2. 


I    I    I    I 

;r  77  3.  02  3.  60  4.  00 

1.  92  2.  38l3.  004.  86 
3.  03  3. 73  4.  63  6.  56 

2.  81  3.  2T4.  626.  26 

I    I    I 


II        I    I    I    I    I    I    I       I 
25.  35,^0.  26  0. 45  0.  53  0.  57,0.  68  0.  86  1 .  09  1.  21 1.  31 1.  43 

18.  63  0.  25  0.  30  0. 33  0. 39  0.  49  0.  62  0.  8l'o.  98  1.  24  1.  53 

29.  85  0.  31  0.  36,0. 43  0.  61  0.  61  0.  720.  85  1.  00  1.  22  1.  50 

27. 75  0.  33  0.  37  0.  39  0. 47  0.  58'o.  680.  8711.  02[l  21  L  41 


1.70 
1.93 


1.90 

3.13 


1.  96,2.  71 


Table  of  monthly  flow  in  dry  years  of  streams  of  small  drainage  area. 


CocMtoate 

Croton,  'Westem  Branch. 

Sudbury 

Pasaoio  headwaters 


19.00 
20.37 
76.30 
60-100 


0.  08  0.  41  0. 46  0.  47|0.  70  0.  88  0.  97 
0. 10  0. 17,0. 46  0.  53  0.  6,7j0.  84  0. 
0. 11 0. 16|0.  25  0.  39^0.  57,0.  791.  06 
0. 11  0. 15  0.  21  0.  27  0.  49  0.  67,0.  90 


,  J, 


1.  03  1. 11 1.  31 
1.  02  2.  31 3. 37 
1.  40  1.  79  2.  21 
1.22,1.771.87 


1. 47  2.  26; 
3.415.40 
2.  77  5.  09 
2. 13  3.  65 


11.15 
19.26 
16.69 
15.44 


0.  09  0.  M  0.  60 
0.  0»0. 10^0.  28 
0.  08  0.  ll'0. 18 
0. 10  0. 18  0. 19 


I         I         I         I 
0.  51,0.  76  0.  95 1.  03  1. 11 

0.  33IO.  42  0.  52  0.  61  0.  04 

0.  28  0.  41 0.  57  0.  77|L  01 

0.  240.  44 0.  00  0.  8o'l. 09 


1.20 
1.44 
1.29 
1. 


1.41 
2.10 
1.60 
1.67 


1.58 
2.13 
2.01 
1.90 


2.43 
3.37 


3.26 


*  Charles  G.  Darrach,  in  Engineering  News^  April  3,  1880,  p.  122. 

The  month  of  least  flow  (the  driest  month)  varies  considerably  from  year  to  year,  falling  sometimes  in  the 
summer  and  sometimes  in  the  winter,  and  the  months  do  not  succeed  each  other  in  the  order  of  dryness.  As  a 
rule,  however,  the  driest  months  fall  in  summer,  although  sometimes  the  difference  is  not  very  pronounced.  (See 
a  paper  by  Mr.  Clemens  Herschel,  "The  Gauging  of  Streams."  Transac.  Am.  Soc.  Civ.  Ungrs.,  vol.  vii,  1878,  p.  236.) 
The  last  three  tables  are  principally  from  Mr.  Croes'  report  to  the  Newark  Aqueduct  Board. 

Tn  describing  the  separate  water-powers  I  have  therefore  given  four  estimates.  For  convenience  of  reference 
I  will  recapitulate  them  here,  noting  briefly  their  exact  meaning : 

1.  Absolute  MiNrMxrai  can  be  depended  upon  always,  and  with  no  storage  at  all.  Large  waste  all  ihe 
time,  except  for  a  few  days  at  a  time  in  intervals  of  several  years. 

2.  Minimum  low-season  flow,  with  no  storage,  can  be  depended  upon  at  all  times,  except  for  a  short 
time  in  some  dry  seasons — perhaps  for  a  few  days  in  the  dry  season  of  each  year.  With  small  storage  can  be 
depended  upon  all  the  time. 

3.  Mean  plow  in  veey  dry  yeaes. — Maximum  amount  permanently  available  with  storage.  Storage  capacity 
as  already  discussed.  With  larger  storage  a  greater  amount  could  perhaps  be  utilized  for  several  years  in  succession, 
but  not  permanently. 

4.  Low-season  plow  in  oedinary  dry  years,  without  storage,  can  be  depended  upon  generally,  except 
in  the  low  season  of  dry  years,  when  the  supply  will  be  deficient  for,  perhaps,  several  weeks;  in  very  dry  years, 
when  the  supply  wtll  be  deficient  for  a  longer  time,  and  in  ordinary  years,  when  the  supply  may  be  deficient  for  a 
few  days  at  a  time ;  can  be  rendered  permanently  available  by  storage.  The  low-season  flow  of  ordinary  years  can 
be  depended  upon  less  than  the  above,  but  generally  for  nine  months  of  every  year. 

TIDAL   WATER-POWEQ. 

There  is  no  tidal  power  either  used  or  available  in  the  district  considered,  partly  because  there  are  no  facilities 
for  storing  water,  and  partly  because,  as  is  evident  from  the  topography  of  the  country,  there  are  no  facilities  for 
location  of  buildings  on  a  low  and  swampy  coast. 

total  available  power. 

It  is  customary  to  attempt  to  estimate  the  total  available  power  of  a  district  by  assuming  the  average  elevation 
and  the  quantity  of  water  discharged.  Such  estimates  have  little  value,  because  a  large  proportion  of  the  power 
"so  estimated  is,  in  fact,  unavaflable,  on  account  of  topographical  features.  In  regard  to  the  region  under 
consideration,  however,  it  is  to  be  noticed  that  as  the  elevation  of  the  Atlantic  plane,  at  the  foot  of  the  mountains, 
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is  much  greater  than  in  the  states  farther  north,  varying  from  1,200  feet  in  North  Carolina,  at  the  sources  of  the 
Catawba,  to  500*  feet  in  Virginia  and  100  to  300  feet  in  Pennsylvania,*  the  total  theoretical  power  in  the  region  we 
are  considering  will  be  very  large  in  proportion  to  its  area,  especially  if  we  exclude  the  eastern  division  from 

consideration.  .   .   j 

After  having  presented  the  general  features  of  the  district  under  consideration,  briefly  pointed  out  the  general 
principles  relating  to  the  amount  of  power  available,  and  explained  the  method  used  in  calculating  it,  it  is  now  only 
necessary  to  show  how,  in  the  application  of  those  principles,  the  general  characteristics  of  the  region  show  their 
effects  and  are  to  be  taken  into  account. 

6.— General  results. 

1.  It  follows  from  the  position  of  the  region  that  the  warm  and  moist  SW.  winds  from  the  Gulf  of  Mexico 
traverse  its  whole  extent.  Hence  the  rainfall  is  greatest  (G2  inches)  in  Alabama  and  southern  Georgia,  while  the 
evaporation  is  comparatively  small,  because  the  air  is  moist,  and  the  rainfall  diminishes  to  44  inches  and  less  in  North 
Carolina  and  Virginia,  while  the  air  becomes  drier  and  the  evaporation  greater.  Above  North  Carolina  the  greater 
part  of  the  rain  comes  from  the  Atlantic,  while  south  of  Virginia  most  of  it  comes  from  the  Gulf.  This  fact— that  the 
evaporation  increases  toward  the  north— has  an  important  bearing  on  the  flow  of  the  streams,  which  will  be  referred 

to  further  on. 

2.  From  the  topography  it  follows  that  all  the  water-power  of  importance  is  in  the  middle  division.  In  the 
eastern  division  the  streams  are  too  sluggish,  and  in  the  western  they  are  too  small  and  inconstant.  Although  the 
middle  division  is  very  favorably  disposed  for  water-power,  it  is  unfortunate  that  in  the  eastern  division,  just  where 
the  streams  are  the  largest,  the  conditions  are  not  favorable.  The  middle  division  is,  topographically,  very 
favorable  for  power.  The  fall  of  the  streams  is  great,  but  as  a  whole  tolerably  uniform,  and  their  volume 
moderately  large.  They  cross  th«  ledges  of  rock  at  large  angles,  forming  many  rapids,  rifts,  or  falls  in  all  parts  of 
this  region.  These  ledges,  being  composed  of  hard,  durable,  and  impervious  rocks,  generally  granite  or  similar 
rocks,  insure  the  permanence  of  the  powers,  and  afford  everywhere  good  sites  for  dams.  The  shape  of  the  river 
valleys  is  such  as  to  render  the  utilization  of  the  power  in  most  cases  easy,  there  being  only  a  very  few  instances  of 
anything  approaching  the  canon  structure.  The  facilities  for  storing  water  are,  on  the  whole,  good,  though  the 
shape  of  the  valleys  does  not  seem  to  be  particularly  favorable;  for  in  the  mountains  the  fall  is  too  great  and  the 
valleys  too  narrow  to  afford  large  reservoir  room,  while  lower  down  the  rivers  are  bordered  by  fertile  bottom-lands, 
which  it  might  be  inadvisable  to  overflow,  and  besides,  as  the  streams  are  tolerably  large,  it  would  be  diflBcult  to 
store  sufScient  water  to  increase  the  power  much.  In  the  matter  of  storage  this  region  is  notably  less  favorable 
than  such  states  as  Maine  and  Pennsylvania.  The  absence  of  lakes,  also,  operates  unfavorably  on  the  volume  and 
constancy  of  the  streams,  especially  in  the  upper  parts,  and  this  is  counteracted  by  the  action  of  the  forests  perhaps 
to  a  less  extent  than  might  be  supposed.     (See  below.) 

The  country  in  the  middle  division  being  moderately  hilly,  the  rainfall  is  neither  precipitated  suddenly  into 
the  river  channels,  rendering  them  subject  to  sudden  freshets,  nor  is  it  discharged  too  gradually,  so  as  to  render 
the  evaporation  abnormally  large.  On  the  contrary,  the  depth  and  perviousness  of  the  soil,  the  fact  that  it  is 
everywhere  underlaid  with  hard  and  impervious  rock,  and  that  the  rivers  have  cut  their  channels  down  to  this 
rock-bed,  contribute  to  the  volume  and  constancy  of  the  streams,  and  diminish  the  loss  by  evaporation  and  by 
subterranean  flowage.  This  depth  of  soil,  serving  to  store  the  waters,  is  especially  beneficial  in  view  of  the 
variability  of  the  rainfall,  in  which  respect  some  parts  of  this  region  stand  at  a  disadvantage,  which  is  thus,  to 
some  extent,  compensated  for.  In  Maine,  for  instance,  the  soil  is  very  shallow  compared  with  that  in  North 
Carolina,  but  the  rainfall  is  verj  equally  distributed  throughout  the  year.  (See  page  17  for  further  remarks  on 
this  subject.) 

3.  The  influence  of  the  forests  in  the  western  division  is  favorable,  yet  not  to  such  an  extent  as  might  be 
supposed,  according  to  what  has  been  said  regarding  the  influence  of  woods  in  winter  and  in  summer.  In  fact, 
there  is  reason  to  believe  that  at  least  in  the  northern  parts  of  the  region  considered  less  water  percolates  into 
the  ground  in  winter,  to  be  stored  and  given  out  by  springs,  than  in  open  ground.  From  the  experiments  which 
have  been  referred  to,  the  conclusion  has  been  drawn  for  Germany  that  the  cutting  down  of  forests  has  the  effect  in 
winter  of  increasing  the  discharge  of  springs  and  causing  a  higher  average  stage  of  the  water  in  the  streams  than 
existed  before.t  In  hot  regions,  and  in  summer,  the  cutting  down  of  woods  has  the  opposite  effect,  butit  does  not  seem 
improbable  that,  for  the  district  considered,  the  effect  would  be  to  a  certain  extent  as  stated,  especially  if  (as  is  the 
case  in  the  western  part  of  the  district  in  many  cases)  the  rainfall  is  greater  in  winter  than  in  summer.  For  this 
reason  it  is  easy  to  overestimate  the  effect  of  the  forests  as  regulators  of  flow.  Their  effect  is  certainly  very  much 
smaller  than  in  regions  where  the  rainfall  is  greater  in  summer  than  in  winter,  in  which  case  their  effect  is  very 
beneficial  and  only  exceeded  by  that  of  lakes  or  artificial  reservoirs  and  surface  materials.    The  fact  that  the 


•  Guyot. 

tEBERMAYER:  Die  physikalischen  Einuirlmigen  des   Waldes  avf  Luft  nnd  Boden,  iind  seine  MimatologiacTie  mid  hygieniaohe  Bedeutung. 
Berlin,  1873,  p.  223. 
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mountains  in  this  district  are  covered  with  soil  is  one  of  great  importance,  and  on  this  account  the  flow  of  the 
streams  will  be  much  more  constant  than  it  would  otherwise  be. 

4.  I  have  already  alluded  to  the  winds  and  the  position  of  this  region  as  affecting  its  water-power.  As  regards 
temperature,  it  is,  ©f  course,  higher  in  this  region  than  in  New  England.  In  summer  the  difCeronce  is  some  12°;  in 
winter,  over  20°;  and  for  the  year,  in  the  middle  dixision,  12°. to  15°.  The  average  temperature  in  winter  is  far 
above  the  freezing  point;  hence  the  streams  rarely  freeze  over.  Trouble  with  ice  is  almost  unknown,  and,  in  this 
respect,  this  region  has  a  great  advantage  over  the  more  northern  states,  which  is,  hoAvever,  partially  offset  by  the 
fact  that  the  evaporation  is  greater. 

Mr.  Wells,  in  his  report  on  the  water-power  of  Maine,  dwells  upon  the  fact,  which  he  says  is  founded  on  the 
testimony  of  persons  who  have  had  the  largest  and  most  varied  experience  in  manufacturing  in  Maine  and  other 
states,  that  operatives  can  accomplish  much  more  in  winter  than  in  summer,  or  in  cold  than  in  warm  states.  I 
quote  Mr.  Wells'  remarks  on  this  point : 

It  is  well  known  tliat  at  the  large  majority  of  manufacturing  labors  the  burden  of  the  day's  work  is  felt  by  the  operative  to  be  much 
heavier  in  summer  than  in  winter.  The  cold  of  the  latter  season  can  be  so  guarded  against  and  moliilied  that  throughout  the  whole  establish- 
ment precisely,  or  very  nearly,  that  temperature  can  be  secured  which  is  most  contributive  to  vigorous  exertion.  But  tlic  heat  of  summer, 
pervading  and  penetrating  everything,  and  brought  in  at  every  open  window  with  the  necessary  supplies  of  fresh  air,  cannot  be  .shut  out. 
It  cannot  be  qualified.  It  oppresses  the  worker  with  a  languor  rarely  experienced  in  out-of-door  avocations,  and  renders  it  impossible 
for  him  to  do  so  much  or  do  so  well  as  he  can  easily  do  in  cool  weather.  Accordingly,  the  evidence  is  that  in  Maine, where  the  summer 
temperature  is  low,  where  it  rises  above  the  point  of  comfort  for  but  a  few  days  for  the  whole  season,  operatives,  circumstanced  equally  in 
every  other  respect,  accomplish  more  than  in  the  interior  and  more  southern  states  by  the  truly  remarkable  fraction  of  10  per  cent. 

It  must,  however,  be  borne  in  mind  that  although  in  warmer  climates  the  operatives  are  unable  to  accomplish 
so  much,  yet,  on  the  other  hand,  the  expen.se  for  heating  the  factory  buildings  is  greatly  reduced,  and  that,  further, 
as  the  operatives  can  live  more  cheaply  on  account  of  not  needing  so  much  artificial  heating  in  their  houses,  their 
wages  may  be  much  less  in  proportion.  In  fact,  it  is  stated  that  the  wages  paid  to  operatives  in  cotton  factories  in  the 
southern  states  is  34  per  cent,  less  than  in  the  New  England  states.*  The  table  of  maximum  observed  temperatures 
shows  that  the  maximum  observed  temperature  in  Maine  is  about  the  same  as  in  Georgia.  The  following  table  of 
the  mean  temperatures  of  the  hottest  and  coldest  months  of  the  year  will  enable  a  comparison  to  be  made  between 
the  New  England  states  and  the  southern  states,  and  will  show  that  the  difference  is  not  so  great  as  is  generally 
supposed. 

Table  of  mean  temperatures  ofJiottest  and  coldest  months  in  various  places. 


Place. 

Number   of 
years  of  ob- 
servation. 

Mean  tempera- 
tuies  of  hot- 
test month. 

Mean  tempera- 
tares  of  cold- 
est month. 

Bath,  Me 

Tra.  Mos. 
10        7 
40        0 
51        3 
34        8 
40        0 
86        0 
16        7 

14  1 
24        5 
21      11 
51        0 
29        3 
36        0 
12        3 
45        5 

15  10 

20  0 
6        6 

8  8 

9  9 
24       8 

4  11 
32      11 

6        6 

5  2 

21  7 

Degrees. 

68.71 
64.82 
67.44 
70.93 
70.14 
71.69 
72.14 
72.94 
72.93 
75.06 
75.20 
78.63 
77.35 
78.26 
78.73 
81.64 
78.38 
74,00 
78.80 
80.64 
80.22 
78.78 
81.94 
70.33 
77.50 
82.16 

Degrees. 

23  22 

C.istine  Me - 

21  41 

20  10 

Providence,  K.  I^    , 

29  40 

Hartford ,  Coim .  . 

29  11 

Manchester,  K.  H 

23  84 

If  ew  York,  17.  T 

29  36 

29.78 

Philadelphia,  Pa 

29.40 

Harrisburg,  Pa .....^ 

30.67 

Baltimore,  Md 

33.00 

"Washington,  D.  C              ..                      

34.09 

Portress  Monroe  "Va                            .       ,                  '       

4t  10 

Port  Johnston  N  C                                                                                                         . 

49.10 

Chapel  Hill,  ]^f.  C 

40.40 

Asheville,  N.  C  

37.00 

Allien.S.C.  ...                                                           ..             

44.15 

Camden,  S.  C 

42.71 

49.33 

Columbia,  S.  C 

43.71 

Fort  Moultrie,  S.  C 

60.28 

44.53 

40.90 

40.68 

*Address  of  Hon.  E.  Steadman,  before  the  convention  of  the  Georgia  State  Agricultural  Society,  August,  1876.  According  to  the 
census  of  1870,  the  average  wages  paid  to  operatives  in  cotton  factories  in  various  states  was  as  follows,  in  dollars,  per  annum :  Maine,  272 ; 
New  Hampshire,  311;  Vermont,  277 ;  Massachusetts,  311;  Rhode  Island,  310;  Connecticut,  270;  Pennsylvania, '276;  Maryland,  236; 
Virginia,  132;   North  Carolina,   130;  South  Carolina,  230;  Georgia,  222.     The   wages  will  depend  somewhat  on  the  quality  of  goods 

manufactured,  but  the  average  is  evidently  much  less  in  the  south. 
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Most  of  the  stations  in  the  southern  states  are  in  the  eastern  division,  where  che  weather  is  muck  warmer  than  in 
the  middle  and  western  divisions,  where  the  water-power  is.  The  table  shows  that  at  Athens  and  Atlanta,  Georgia, 
which  are  the  best  types  of  the  middle  section,  the  mean  temperature  of  the  warmest  month  is  not  much  different 
from  that  in  the  middle  states,  although  Maine,  it  is  true,  has  a  lower  temperature  by  some  10°.  It  seems  to  me, 
however,  that  this  effect  of  temperature  has  been  overestimated,  and  that,  so  far  as  it  alone  is  concerned,  the 
advantages  in  the  southern  Atlantic  states  more  than  counterbalance  the  disadvantages. 

5.  As  regards  the  rainfall,  its  distribution  throughout  the  year  on  the  water-shed  of  each  river  is  to  be  carefully 
considered.  "Variability  in  this  distribution  may  not  be  a  disadvantage,  but  on  the  contrary,  if  the  summer  fall  is^ 
greater  than  the  winter  fall,  the  flow  of  the  streams  wiU  be  more  regular,  other  things  being  equal.  In  determining 
the  ratios  to  be  used  in  estimating  flow  I  have  been  influenced  by  this  consideration,  and  if  of  two  streams,  similar 
in  other  respects,  one  has  more  rain  in  summer  than  in  winter,  and  the  other  more  in  winter  than  in  summer,  I 
have  taken  the  minimum  flow  of  the  former  considerably  greater  than  that  of  the  latter.  Differences  in  the 
evaporation  in  different  parts  of  the  district  also  come  into  consideration.  If  the  other  climatic  conditions  remained 
the  same,  the  effect  of  variability  in  the  rainfall  would  be  seen  in  a  corresponding  variation  in  the  flow  of  the 
streams,  and  in  those  seasons  when  most  rain  fell  the  flow  of  the  streams  would  be  greater.  Yet  in  the  New  England 
states,  as  well  as  in  the  southern  states,  the  streams  are  lowest  in  summer,  even  Avhen  more  rain  falls  in  that  season, 
showing  that  the  evaporation  in  that  season  is  more  than  sufficient  to  make  up  for  the  greater  rainfall.  It  is  true 
that  in  the  llsTorth  there  is  a  winter  drought,  caused  by  the  snow  lying  so  long  on  the  ground,  so  that  little  of  the 
precipitation  reaches  the  streains;  yet,  although  in  some  cases  the  driest  month,  or  the  month  when  the  streams 
are  lowest,  falls  in  the  winter,  in  general  the  summer  drought  is  greater  than  the  wimter  drought.  On  account  of 
the  increased  evaporation,  the  southern  streams  will,  in  all  probability,  discharge  a  smaller  proportion  of  the 
rainfall  on  their  drainage  areas  than  those  in  New  England.  ,  Finally,  the  eft'ect  of  soil  and  lakes  must  not  be 
overlooked  in  comparing  this  region  with  New  England,  and  in  estimating  the  flow  of  the  streams. 

The  foregoing  remarks  have  been  made  because  it  is  necessary  to  present  the  principles  which  have  guided 
me  in  making  my  estimates.  The  conditions  determining  the  flow  are,  however,  so  various,  that  they  cannot  all 
be  given  due  weight,  even  if  they  were  all  accurately  known;  so  that  the  only  safe  guide  in  practical  questions 
regarding  flow  is  a  series  of  gaugings  extending  over  a  number  of  years.  But  as  I  have  not  a  single  such  series 
for  the  district  considered  I  am  obliged  to  resort  entirely  to  estimate.  Every  engineer  can  form  his  own  conclusions 
from  .the  data  g.t  hand,  and  many  may  not  be  disposed  to  approve  of  the  figures  given. 


I.— THE  OHOWAN  RIVER  AND  TRIBUTARIES. 


THE  OHOWAN  RIVEE. 

The  first  river  south  of  the  James  worth  considering  is  the  Chowan,  for  although  there  is  no  water-power  on 
the  main  stream  there  is  some  on  the  tributaries.  The  Chowan  is  formed  by  the  junction  of  the  Blackwater  and 
Nottoway  rivers,  nearly  on  the  line  between  North  Carolina  and  Virginia,  whence  it  flows  nearly  south  into  Albemarle 
sound,  between  Hertford  and  Bertie  counties  on  its  right  and  Gates  and  Chowan  on  its  left,  entering  the  sound  at 
its  western  extremity.  It  is  navigaT)le  for  its  whole  length— about  38  miles  in  a  straight  line,  and  perhaps  60  by 
the  river.  Its  total  drainage  area  is  about  4,870  square  miles,  and  its  principal  tributary  is  the  Meherrin,  which 
enters  from  the  west.  It  flows,  with  a  sluggish  current,  through  a  low  and  swampy  country,  entirely  below  the  fall- 
line,  with  large  portions  subject  to  overflow  at  times,  and  possesses  no  water-power  whatever,  used  or  available. 
The  principal  town  on  the  river  is  Winton,  the  county  seat  of  Hertford  county.  The  trade  on  the  river  is  of 
considerable  importance,  large  quantities  of  cotton,  corn,  wheat,  tobacco,  lumber,  and  fish  being  shipped. 

THE  MEHERRIN  RIVER. 

This  stream  is  the  most  important  tributary  of  the  Chowan.  It  rises  in  Charlotte,  Lunenburg,  and  Mecklenburg 
counties,  Virginia,  flows  a  little  south  of  east,  forming  the  boundary  between  Lunenburg  and  Mecklenburg  counties  j 
thence  flows  through  Brunswick  and  Greenville,  and  between  Greenville  and  Southampton  counties,  Virginia,  and 
finally  through  Hertford  county.  North  Carolina,  emptying  into  the  Chowan  several  miles  above  Winton.  Its 
length,  in  a  straight  line,  is  about  100  miles,  but  is  considerably  greater  by  the  river.  It  is  navigable  beyond  the 
North  Carolina  line,  a  distance  by  the  river  of  over  30  miles.  The  principal  towns  on  the  stream  are  Murfreesboro', 
North  Carolina,  about  15  miles  from  the  mouth,  and  Hicksibrd,  Virginia,  about  50  or  60  miles  from  the  mouth. 

The  drainage  area  of  the  Meherrin  comprises  about  1,675  square  miles,  about  half  of  which  lies  below  the  fall- 
line,  and  in  which  the  river  is  a  sluggish  stream,  with  a  bed  of  clay  or  sand,  and  perhaps  occasionally  a  ledge  of 
rock.  Its  banks  are  subject  to  overflow,  and  the  adjacent  bottoms  or  low  grounds  are  covered  with  extensive  cypress 
swamps  and  pine  woods.  In  this  part  of  the  river  there  is,  of  course,  no  water-power.  Above  the  fall-line  the  country 
is  not  so  level,  the  bed  of  the  stream -is  more  rocky,  and  the  banks  are  not  so  subject  to  overflow,  although  there 
are  still  extensive  low  grounds  which  are  flooded  at  times.    The  soil  is  sand  and  clay,  and  very  fertile;  the  country  well 
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-wooded,  and  the  principal  products  are  cotton,  corn,  wheat,  tobacco,  fruits,  and  vegetables.  This  part  of  the  drainage- 
basin  belongs  geologically  to  the  Eozoic  formation,  while  that  below  the  fall-line  is  Tertiary  or  later.  Tlie  fall  of 
the  stream  is  nowhere  very  great,  and  the  divides,  separating  its  drainage-basin  from  the  adjacent  ones,  are  nowheri; 
very  high,  so  that  the  tributaries  also  have  no  very  great  fall.  The  latter,  however,  are  small,  and  not  of  mucli 
importance,  and  I  have  only  measured  the  drainage  areas  of  a  few  of  them.  The  results,  together  with  the  drainage 
areas  above  various  points  on  the  main  stream,  are  given  in  the  table  on  page  20. 

The  average  rainfall  on  the  drainage-basin  of  the  Meherrin  is  about  44  inches,  or  a  little  less,  of.  which  about 
11  fall  in  spring,  13  in  summer,  8  in  autumn,  and  10  in  winter.  There  are  no  lakes  in  the  basin;  neither  are  the 
facilities  for  the  construction  of  storage  reservoirs  very  good,  the  country  being  too  flat. 

The  fall  of  the  river  in  the  last  30  miles  of  its  course  is  not  much  over  1  foot  to  the  mile,  the  elevation  above 
mean  tide  of  the  mean  water-surface  of  the  stream  at  the  crossing  of  the  Seaboard  and  Roanoke  railroad,  some  30 
miles  from  its  mouth,  being  31  feet. 

,  According  to  an  old  survey  by  J.  Williston,  whose  report  is  to  be  found  in  the  twenty-second  report  of  the  board 
of  public  works  of  Virginia,  the  fall  varies  from  1  to  3  feet  per  mile. 

In  the  entire  absence  of  gaugings  of  the  river  its  flow  would  have  to  be  estimated,  but  I  have  made  no  estimate 
because  of  the  small  value  of  the  stream  as  a  source  of  power. 

The  water-power  of  the  Meherrin  and  its  tributaries  is  not  of  great  importance.  The  flow  of  the  stream  is 
extremely  variable,  and  no  sites  of  importance  were  brought  to  my  notice.  Although  the  river  crosses  the  fall-line 
in  the  vicinity  of  Lawrenceville  or  Hicksford,  where  we  should  expect  to  find  a  fall,  I  succeeded  in  obtaining  no 
information  regarding  any  power  in  that  neighborhood.  There  seems  to  be  no  fall  on  either  the  Meherrin  or  the 
Nottoway  at  its  crossing  of  the  fall-line,  although  this  line  is  very  marked  in  the  case  of  the  Appomattox  and  the 
Eoanoke.  The  river,  however,  is  very  inaccessible,  especially  above  the  fall-line — so  much  so  that  I  did  not  consider 
it  advisable  to  visit  it  at  any  point  above — and  it  is  therefore  possible  that  there  may  be  a  power  somewhere  in  this 
neighborhood.  With  the  exception  of  the  Petersburg  railroad,  which  crosses  the  river  near  Hicksford  nearly  at 
right  angles,  no  other  railroad  comes  within  15  or  20  miles  of  the  stream. 

As  to  building  materials,  there  is  abundance  of  fine  timber  in  all  parts  of  the  drainage-basin,  and  in  some  parts 
above  the  faU-line  granite  and  similar  rocks  may  be  found. 

The  country  is  sparsely  settled,  and  the  people  have  given  very  little  attention  to  the  subject  of  water-power, 
so  that  little  satisfactory  information  could  be  obtained  with  the  time  at  disposal.  The  power  ntilized  on  the  stream 
will  be  found  tabulated  from  the  reports  of  the  enumerators,  on  page  27. 

THE   BLAOKWATER   RIVER. 

This  stream  rises  in  Prince  George  county,  Virginia,  flows  in  a  direction  rather  east  of  south  between  Surry, 
Isle  of  Wight,  and  lifaiisemond  counties  on  its  left,  and  Sussex  and  Southampton  on  its  right,  joining  the  Nottoway, 
on  the  North  Carolina  line,  to  form  the  Chowan ;  its  length  in  a  straight  line  being  about  55  miles.  It  is  navigable 
to  the  town  of  Franklin,  the  head  of  tide-water,*  on  the  Seaboard  and  Eoanoke  railroad,  about  13  miles  from  the 
mouth  of  the  river.  It  drains  an  area  of  about  700  square  miles,  lying  entirely  below  the  fall-line,  and  .possessing 
little  water-power.  The  river  is  sluggish  and  tortuous,  flowing  mostly  through  cypress  swamps  with  dense 
undergrowth,  its  width  varying  below  Franklin  from  100  to  275  feet,  and  its  depth  from  8  to  38  feet.  Large  areas 
are  flooded  at  high  water,  although  the  extreme  rise  is  not  over  3  or  4  feet.*  The  fall  of  the  stream  for  22  miles 
above  Franklin  is  not  over  IJ  or  2  feet  to  the  mile,  and  for  the  next  7  or  8  miles  only  very  slightly  greater.t  The 
elevation  of  the  stream  at  the  crossing  of  the  Atlantic,  Mississippi  and  Ohio  railroad,  about  15  miles  above 
Franklin,  is  about  17J  feet  above  mean  tide  at  Norfolk.f  According  to  an  old  survey,§  the  divide  between  the 
Blackwater  and  the  Nansemond,  which  flows  into  the.  James,  is  nowhere  more  than  83  feet  above  tide. 

The  rainfall  on  the  drainage-basin  of  the  Blackwater  is  the  same,  and  similarly  distributed,  as  on  that  of  the 
Meherrin.    Estimates  of  flow  are  not  necessary,  on  account  of  the  absence  of  water-power  on  the  river. 

The  river  is  accessible  from  stations  on  the  Seaboard  and  Eoanoke  and  the  Atlantic,  Mississippi  and  Ohio 
railroads,  the  latter  of  which  follows  the  river  for  some  35  miles  at  a  distance  from  it  of  only  3  or  4  miles. 

THE  NOTTOWAY  RIVER. 

Thi^ver  rises  in  Prince  Edward,  Lunenburg,  and  Nottoway  counties,  Virginia,  and  flows  in  a  general  direction 
nearly  southeast  through  a  very  fertile  country,  forming  first  the  boundary  between  Nottoway  and  Dinwiddle  counties  . 
on  its  left  and  Lunenburg  and  Brunswick  on  its  right,  thence  flowing  through  Sussex  and  Southampton,  joining  the 
Blackwater,  on  the  North  Carolina  line,  to  form  the  Chowan.  The  principal  town  on  the  stream  is  Jerusalem, 
Virginia.  The  length  of  the  stream,  in  a  straight  line,  is  about  90  miles,  and  probably  over  125  if  its  windings  are 
followed.    The  table  on  page  26  gives  particulars  regarding  drainage  areas,  the  total  area  drained  being  about  1,650 

'  Aunnal  reports  Chief  of  Engineers,  ]879,  appendix  G  12,  p.  620;  1878,  appendix  G  12,  p.  522;  1875,  p.  161. 

t  Old  survey,  in  one  of  the  reports  of  the  board  of  pnhlic  works  of  Virginia. 

t  For  the  elevations  on  the  Atlantic,  Mississippi  and  Ohio  railroad  I  am  indebted  to  Mr.  Hunter,  of  Petersburg,  engineer  of  the  road. 

J  In  the  twenty-second  report  of  the  board  of  public  works  of  Virginia. 
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square  miles,  divided  nearly  in  two  equal  parts  by  the  fall-line.  The  head  of  tide-water  is  at  the  crossing  of  the 
Seaboard  and  Eoanoke  railroad  at  Nottoway,  some  12  miles  from  the  mouth  of  the  stream.*  The  tributaries  of  the 
Nottoway  are  not  of  much  consequence,  the  principal  ones  being  Assamoosick,  Rowanty,  Stony,  and  Little  Nottoway 
creeks  from  the  north  and  east,  and  Three  creek  and  Waqua  creek  from  the  south  and  west.  It  Is  noticeable  here,  as 
elsewhere,  that  the  principal  tributaries  enter  from  the  northern  side  of  the  water-slied,  a  fact  already  referred  to. 

The  Nottoway  is  now  being  improved  by  the  government,  the  present  project  having  in  view  the  securing  a 
navigable  depth  of  4  or  5  feet  during  nine  months  of  the  year  as  high  as  Peter's  bridge,  something  over  50  miles 
above  the  mouth  of  the  stream,  and  20  miles  above  the  town  of  Jerusalem.  Five  thousand  dollars  have  been 
appropriated  for  the  work,  and  the  principal  obstructions  to  navigation,  which  consist  of  snags,  sunken  logs,  and 
overhanging  trees,  are  being  removed.  It  is  expected  that  at  low  water  a  navigable  depth  of  2  or  3  feet  will  be 
secured  as  high  as  Peter's  bridge,  and  of  7  or  8  feet  as  high  as  Monroe's  ferry,  about  15  miles  from  the  mouth  of  the 
river,  measured  along  its  course.  The  drainage  areas  of  some  of  these  tributaries  are  given  in  the  table  of 
statistics.  The  principal  products  of  the  country  drained  by  the  Nottoway  are  cotton,  corn,  peanuts,  tobacco, 
and  wheat.  As  in  the  case  of  the  Meherrin,  I  heard  of  no  power  on  the  Nottoway  at  the  point  where  it  crosses  the 
fall-line.  But  in  one  of  the  reports  of  the  board  of  public  works  of  Virginia  I  found  an  account  of  a  survey  of  the 
river,  in  which  "the  Great  falls,  on  the  south  prong",  were  mentioned,  situated  9f  miles  above  the  mouth  of  the 
Little  Nottoway ;  and  it  was  stated  that  the  river  there  was  37  feet  wide,  with  an  average  depth,  at  low  water, 
of  23  inches,  discharging  31  cubic  feet  per  second.  I  did  not  consider  it  worth  while  to  visit  so  small  a  power.  The 
drainage-basin  of  the  Nottoway  is  similar  in  all  respects  to  that  of  the  Meherrin  as  far  as  I  could  leam,  so  that  it 
need  not  be  described.  The  rainfall  is  also  about  the  same ;  estimates  of  the  flow  are  not  necessary.  No  gaugings 
could  be  found  for  this  river  except  the  one  mentioned  above. 

There  are  no  lakes  on  the  stream,  and  not  very  good  facilities  for  reservoirs.  The  bed  is  in  some  places  rock, 
but  generally  sand,  gravel,  and  clay.  Below  the  crossing  of  the  Petersburg  railroad  the  river  has  an  average  width 
of  about  68  feet,  with  banks  10  or  15  feet  high,  and  a  bed  of  coarse  gravel,  and  occasionally  sand,  loosely  deposited 
on  a  friable  sandstone.t  On  the  lower  part  there  are  considerable  areas  of  low  ground,  sometimes  overflowed. 
According  to  an  old  report,  the  stream  is  30  to  40  feet  wide  and  16  inches  deep  at  low  water  for  10  miles  above  the 
mouth  of  the  Little  Nottoway ;  the  current  is  gentle  and  the  bed  sandy.  The  Nottoway  is  more  accessible  than  the 
Meherrin,  being  nearer  to  the  Atlantic,  Mississippi  and  Ohio  railroad,  the  nearest  road  on  the  north. 

I  did  not  visit  any  sites  or  miUs  on  the  river,  having  been  informed  that  they  were  unimportant.  The  same 
report  which  mentioned  the  falls  on  the  south  prong  referred  also  to  a  power  at  "  Spencer's  miU",  where  there  was 
said  to  be  a  fall  of  12  to  15  feet;  but  I  was  unable  to  learn  more  particulars  regarding  this  place,  and  did  not  consider 
it  worth  while  to  devote  much  time  to  searching  for  it.  The  country  is  sparsely  settled,  and  the  people  have  given 
little  attention  to  water-power,  so  that  without  a  personal  examination  of  the  river  little  satisfactory  information 
could  be  obtained. 

The  tributaries  of  the  Nottoway  have  some  power,  as  is  shown  by  the  statistical  table,  but  it  wUl  be  seen  that 
the  only  mills  in  this  vicinity  are  grist-  and  saw-miUs.  There  is  no  further  manufacturing  of  any  kind  by  water- 
power  in  the  drainage-basin  of  the  Ohowan. 

From  what  has  been  said,  it  seems  that  the  tributaries  of  the  Chowan  offer  little  water-power,  and  are  not, 
as  a  rule,  favorable  streams  for  manufacturing.  The  facilities  for  storage  are  smaU,  the  flow  is  variable,  on  account 
of  the  large  evaporation,  and  the  bed  and  banks  are  not  very  favorable  for  dams.  There  is,  of  course,  some  power 
available,  but  it  is,  according  to  all  accounts,  not  very  considerable. 

Table  of  drainage  areas  of  the  Chowan  river  and  tributaries. 


Eiver  and  place. 


Chowan,  at  mouth 

Meherrin,  at  lower  edge  of  Lunenburg  county 

Meherrin,  at  lower  edge  of  Brunswick  county 

Meherrin,  at  lower  edge  of  Greenville  county 

MeheiTin,  at  mouth 

Fontaine's  creet,  at  mouth  (tributary  of  Meherrin) . 
North  Meherrin,  at  mouth  (tributary  of  Meherrin) . . 
Middle  Meherrin,  at  mouth  (tributary  of  Meherrin) , 
South  Meherrin.  at  mouth  (tributary  of  Meherrin) . . 

Black  *vater,  at  mouth 

ITottoway,  at  lower  edge  of  Nottoway  county 

Nottoway,  at  lower  edge  of  Dinwiddle  county 

Notl  oway,  at  mouth  of  Rowanty  creek 

Nottoway,  at  lower  edge  of  Sussex  county 

Nottoway,  at  mouth 

Epwanty  creek,  at  mouth  (tributary  of  Nottoway) . , 
Stony  creek,  at  mouth  (tributary  of  Nottoway) 


Drainage 
area. 


Square  miles. 

4,87» 

376 

671 

1, 070 

1,675 

288. 

.  100 

35 

84 

700. 

280 

475 

800 

1,080 

1,650 

125 

210 


'  For  tlie  elevations  of  streams  crossed  by  the  Seaboard  and  Roanoke  railroad  I  am  indebted  to  the  president,  Mr.  John  M.  Robinson.. 
t  Twenty-first  report  board  of  public  works  of  Virginia;  report  ou  survey  by  John  WiUiston. 
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Table  of  utilized  power  of  the  Chowan  river  and  tributaries. 


stream. 


Chowan 

Melieniii  river . 


Tributaries  to . 


Blackwater  river  . 
Tributaries  to 


Nottoway  river  . 


Tribntaries  of . 


Tributary  to  wliat 


Albemarle  sound  . 
Chowan 

Do 

Do 

Do 

Do 

Do 

Do 

D«L 

MeheiTin 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Chowan 

Blackwater 

Do 

Do 

Do 

Do 

Do 

Chowan 

Do 

Do 

Do 

Do 

Do 

Do 

Nottoway 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Chowan 

Do 

Do 


State. 


North  CaroUna. . 

Virginia 

...do  

...do 

...do 

...do 

....do  

...do 

North  Carolina  . 

...  do  

...do 

Virginia 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Virginia 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do.- 

...do 

...do  

...do 

...do 

...do  

...do  

...do 

...do  

...do 

...do  

...do  

...do  

...do 

North  Carolina  . 

...do  

...do  


County. 


Northampton 

Southampton 

Greenvillo 

...  do 

Brunswick 

Moclilenhurg 

....do 

Lunenburg  

Hertford 

Northamptou 

...  do  

Southampton 

Greenville 

...do 

...do 

Brunswick 

...do 

Mecklenburg 

Lunenburg 

...do 

Surry 

Nansemond 

...do  

Southampton 

Isle  of  Wight 

...  do 

Surry 

Southampton 

Greenvillo 

Dinwiddle 

Nottoway 

..do 

Prince  Edward  . . 

...do 

Southampton 

...do 

Sussex 

Dinwiddie 

..  do 

Brunswick 

Lunenburg 

Nottoway. 

...do 

Chowan 

Gates 

...do 


Kind  of  mill. 


Saw 

Flour  and  grist . 

...do 

Cotton-gin 

Flour  and  grist . 

...do  

Saw 

...do  

Flour  and  grist . 

...do 

Saw 

Flour  and  grist . 

"...do 

Cotton-gin 

Foundry 

Flour  and  grist . 

Saw 

Flour  and  grist . 

--.do  

Saw 

Flour  and  grist . 

...do 

Saw 

Flour  and  grist . 

...do 

Saw 

Flour  and  grist . 

:...do 

...do  

...do  

...do 

Saw 

...do  

Flour  and  grist . 

...do 

Cotton-gin 

Flour  and  grist . 

..-  do 

Saw 

Flour  and  grist . 

...do 

...do  

Saw 

Flour  and  grist . 

...do 

Saw 


=s 

g 

P< 

11 

H 

IS 

H 

Feet. 

0 

0 

0 

1 

9 

12 

1 

5 

10 

3 

31 

64 

2 

21 

12 

3 

20 

65 

4 

35 

78 

1 

12 

22 

1 
3 

10 

19. 

67 

6 

29 

70 

2 

8 

16 

2 

17 

14 

6 

57 

83 

3 

28 

36 

1 

10 

15 

9 

133 

128 

2 

31 

17 

1 

20 

12 

6 

122 

160 

2 

37 

85 

1 

8 

8 

6 

69 

76 

1 

10 

25 

7 

82 

133 

3 

Hi 

39 

3 

15i 

55 

2 

16 

18 

3 

23 

46 

] 

9 

8 

2 

21 

42 

1 

26 

20 

1 

26 

20 

1 

23 

6 

1 

23 

6 

4 

45 

83 

3 

17 

8 

67 

165 

3 

32 

47 

1 

2 

7 

6 

64 

68 

1 

20 

10 

3 

69 

27 

2 

49 

15 

1 

7 

8 

2 

18 

71 

1 

9 

30 

IL— THE  ROANOKE  RIVER  AND  TRIBUTARIES. 


THE  EOANOKE  ElVEE. 

This  river  is  formed  by  the  confluence  of  the  Dan  and  Staunton  rivers,  in  Mecklenburg  county,  Virginia.  Thence 
flowing  sqjitheast,  it  enters  North  Carolina  in  "Warren  county,  and  forms  the  dividing  line  between  Halifax  and 
Martin  counties  on  its  right,  and  Northampton  and  Bertie  on  its  left,  emptying  into  Albemarle  sound  just  above 
Plymouth.  The  total  length  of  the  river  is  about  126  miles  in  a  straight  line,  and  probably  nearly  twice  as  far  by 
the  river.  The  principal  towns  on  the  stream  are:  Olarlisville,  Virginia  (just  below  the  junction  of  the  Dan  with 
iihe  Staunton),  Weldon,  Halifax,  Hamilton,  Williamston,  and  Plymouth,  North  Carolina.  The  stream  is  navigable 
at  low- water  to  Weldon  (some  120  miles),  or  can  be  made  so  for  boats  drawing  2  or  3  feet,  and  to  Hamilton  (60 
miles)  for  boats  drawing  10  feet.  Boats  of  greater  draught  cannot  come  through  the  sound.  It  is  considered 
possible  to  get  a  low-water  navigation  of  5  feet  to  Weldon,*  the  principal  obstacles  to  navigation  being  snags, 


*  Annual  Eeporta  Chief  of  Engineers,  1872,  p.  726;  1879,  p. 


624. 
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stumps,  and  sand-bars.  By  a  system  of  locks  and  dams  this  river,  with  the  Dan,  was  long  ago  made  navigable 
to  Danville,  more  than  twice  as  far  from  the  mouth  as  Weldon,  but  these  old  canal-works  have  been  long  in  disuse, 
although  the  company  which  built  them — the  Eoanoke  Navigation  Company — has  continued  in  existence  down 
to  the  present  time.  Although  Weldon  is  now  the  head  of  Navigation,  yet  there  are  still  long  reaches  on  the 
Eoanoke  and  on  the  Dan,  both  above  and  below  Danville,  which  are  boatable. 

The  total  area  drained  by  the  Eoanoke  river  comprises  about  9,200  square  miles,  of  which  the  Dan  drains  3,700, 
the  Staunton-  3,450,  and  the  Eoanoke  below  the  junction  2,050.  There  are  no  large  tributaries  of  the  Eoanoke 
below  the  confluence  of  the  Dan  and  Staunton,  although  a  number  of  small  creeks  flow  into  it  from  both  sides. 

The  drainage-basin  of  the  Eoanoke  proper  is  divided  into  two  nearly  equal  parts  by  the  fall-line,  which  crosses 
the  river  between  Weldon  and  Gaston,  IJ^orth  Carolina.  That  part  of  the  water-shed  below  Weldon  is  low  and  flat, 
and  partakes  of  the  general  characteristics  of  the  eastern  division,  and  therefore  need  not  be  described  here  in 
great  detail.  Above  Weldon  the  country  is  more  broken  and  the  river  has  more  fall,  having  cut  its  bed  down  to 
the  underlying  metamorphic  rocks.  The  drainage-basin  is  long  and  narflfw,  varying  in  width  from  10  to  30  miles, 
and  along  the  river  are  many  fine  bottoms,  among  which  are  some  of  the  best  farming-lands  in  the  vicinity.  The 
bottoms  widen  out  as  we  descend  the  river,  and  the  flood-plain  spreads  out  in  places  to  a  width  of  several  miles, 
and  finally  is  represented  by  the  broad  lowlands  and  cypress  swamps  of  the  eastern  division.  Alternating  with 
the  bottoms  are  bluffs,  especially  on  the  south  side  of  the  river.  The  proportion  of  the  drainage-basin  covered 
with  forests  I  have  not  been  able  to  ascertain.  The  soil  is  clay  and  loam,  with  sand  in  the  lower  part  of  the 
basin,  and  the  productions  are  tobacco,  corn,  wheat,  fruits,  and  vegetables.  Below  Weldon  the  country  is  heavily 
timbered,  and  large  quantities  of  timber  and  shingles  are  shipped.  It  is  said  that  between  15,000,000  and  20,000,000 
shingles  are  made  and  shipped  annually  from  this  region.  Above  Weldon  fine  building-stone  is  found  in  many 
places,  and  in  Granville,  Warren,  Edgecomb,  and  Wilson  counties,  North  Carolina,  a  fine  quality  of  granite  is 
quarried.  Near  Gaston  there  is  a  deposit  of  speeular  iron-ore,  which  has  been  very  little  worked.  The  basin  is  thinly 
settled  above  Weldon,  and  the  river  is  quite  inaccessible,  as  will  be  seen  from  the  map.  The  Ealeigh  and  Gaston 
railroad,  after  leaving  the  river  at  Gaston,  recedes  rapidly  from  it,  and  afterward  comes  nowhere  within  8  or  10 
miles  of  it;  while  on  the  north  the  nearest  railroads,  the  Eichmond  and  Danville  and  the  Atlantic,  Mississippi 
and  Ohio,  are,  on  an  average,  35  miles  distant.  Before  the  war  Olarksville  had  railroad  connection  with  the 
Ealeigh  and  Gaston  road,  and  was  a  thriving  tobacco  mart,  but  the  road  was  torn  up  during  the  war  to  repair  other 
roads,  and  has  never  been  rebuilt,*  in  consequence  of  which  the  town  has  decreased  considerably  in  population. 

The  average  rainfall  on  the  water-shed  of  the  Eoanoke  above  the  fall-line  is  probably  40  or  42  inches,  varying 
from  38  or  39  on  the  upper  part  of  the  Staunton  to  44  inches  at  Gaston.  Of  this  amount  10  or  11  inches  fall  in 
spring,  about  10  inches  in  summer,  and  nearly  the  same  in  autumn  and  winter.  Being  so  uniformly  distributed,  the 
flow  of  the  stream  may  be  expected  to  be  very  variable,  especially  as  in  all  probability  the  evaporation  is  quite  large ; 
and,  in  fact,  the  general  testimony  is  that  the  flow  of  the  stream  is  subject  to  very  large  variations. 

The  freshets  on  the  river  are  very  violent  and  the  fluctuations  often  occur  very  rapidly.  At  Weldon  an  ordinary 
freshet  gives  a  rise  of  12  or  15  feet;  but  generally  twice  in  the  year,  in  the  spring  and  in  the  fall,  there  is  a  larger 
freshet,  the  water  rising  25  to  30  feet.  In  1865  the  river  rose  50  feet  at  that  point,  and  30  feet  at  Hamilton.  For 
60  or  70  miles  below  Weldon  the  rise  is  from  20  to  50  feet,  but  it  gradually  diminishes  as  the  mouth  of  the  river  is 
approached,  and  for  the  last  15  or  20  miles  of  its  course  it  is  from  1  to  3  feet,  t  These  floods  occur  so  rapidly  that 
the  river  rises  sometimes  over  10  feet  in  a  day  at  Weldon,  f  and  of  course  they  overflow  the  banks  and  flood  large 
areas  of  the  adjoining  lands. 

There  are  no  lakies  or  artificial  reservoirs  anywhere  in  the  drainage-basin,  neither  are  there  facilities  for  storage 
on  the  Eoanoke  proper;  but  on  the  upper  Dan  and  Staunton  reservoirs  might  doubtless  be  constructed  at  many 
points. 

The  bed  of  the  stream  is  generally  sand  below  Weldon,  with  one  or  two  ledges,and  the  banks  are  alluvial,  not 
very  low  as  a  rule,  and  in  many  places  lined  with  overhanging  trees;  while  above  Weldon  the  bed  is  generally 
composed  of  solid  rock,  sometimes  of  gravel  and  sometimes  of  sand  or  clay,  the  banks  being  alternately  high  and 
sometimes  bluffy  and  low  and  alluvial.  Above  the  falls  at  Weldon,  which  extend  for  a  distance  of  10  miles  above 
that  place,  the  river  is  wide,  full  of  rocks  and  islands  in  many  places,  and  difficult  to  navigate  in  low-water,  with 
large  areas  of  bottom-land  subject  to  overflow  in  freshets,  although  the  rise  is  sinaller  than  at  Weldon.  Some  of 
the  low  grounds  were  diked  before  the  war,  but  the  dikes  have  for  a  long  time  received  no  attention.  High  dams 
on  the  river  would,  in  general,  be  accompanied  by  the  overflowing  of  large  areas. 

"  Annual  Report  of  the  Chief  of  Engineers,  1880,  p.  803. 

t  Annual  Report  of  the  Chief  of  Engineers,  1872,  p.  726. 

J  Annual  Report  of  the  Chief  of  Engineers,  1876,  Appendix  G,  9. 
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The  following  table  will  give  some  idea  of  the  fall  of  the  stream : 

Table  of  declivity — Boanolce  river. 
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Place. 

Distance 
from  moutli. 

Blevatlon 
above  tide. 

Dist.  between 
points. 

Fall  between 
points. 

Fall  between 
points. 

Miles. 

0 
120 
120 
185 

Feet. 

0 

44 
128 
289 

Miles. 

120 

9 

66 

Feet. 

44 

84 

141 

Feet  per  miU. 

Weldon 

0:36 

Head  of  falls 

9.3 

2.sa 

In  the  twenty-second  report  of  the  board  of  public  works  of  Virginia  is  a  report  on  a  survey  of  the  Eoanoke,  by 
J.  J.  Gouty.  It  is  there  stated  that  the  fall  from  Eock  Landing,  in  North  Carolina,  to  the  confluence  of  the  Dan  and 
Staunton,  in  Virginia,  is  156.65  feet,  the  distance  being  59.9  miles.  The  same  report  states  that  the  width  of  the  river 
is  considerable,  being  even  three-fourths  of  a  mile  in  places,  but  on  the  average  about  400  yards,  and  that  the  bed 
is  mostly  of  solid  rock,  and  remarkably  favorable  for  dams. 

The  water-powers  on  the  stream  will  now  be  described  as  far  as  I  have  been  able  to  obtain  information  regarding- 
them. 

The  water-power  at  Wddon,  North  Carolina. — The  first  power  on  the  river  as  it  is  ascended  is  that  at  Weldon,^ 
North  Carolina,  where  the  stream  crosses  the  fall-line.  The  fall  here  is  about  84  feet  in  a  distance  of  9  miles  above 
the  town,  the  river  within  this  distance  being  very  rocky  and  rapid,  the  channel  very  tortuous,  and  the  bed  of  the 
river  interspersed  with  rocks  and  islands,  most  of  which  are  submerged  at  high  water.  Some  of  the  larger  islands  are 
cultivated.  The  bed  of  the  river  is  almost  solid  rock,  and  the  banks  generally  abrupt,  especially  on  the  upper  part, 
for  several  miles  below  the  head  of  the  falls,  where  they  are  40  or  50  feet  high,  of  hard  granitic  rock,  and  generally 
extending  almost  perpendicularly  to  the  water's  edge.  The  river  is  much  narrower  here  than  above  the  faUs.  Some 
fifty  years  ago  the  Eoanoke  Navigation  Company  extended  navigation  around  these  faUs-by  constructing  a  canal  on 
the  south  side  of  the  river  between  Weldon  and  Eock  Landing,  9  miles  above.  This  canal  was  30  feet  wide  at  the 
top  and  3  feet  deep,  dimensions  sufficiently  large  for  the  boats  then  in  use  on  the  river.  The  enterprise  does  not 
seem  to  have  been  a  financial  success,  and,  although  the  company  is  still  in  existence,  the  works  have  long  been 
allowed  to  fall  into  disuse,  and  the  canal  is  very  much  filled  up  with  silt  and  rubbish,  being  only  kept  clean  to  an  extent 
sufficient  to  enable  it  to  supply  the  necessary  water  to  run  a  few  small  mills,  no  one  but  the  mill-owners  seeming  to 
take  any  interest  in  it.  It  was  originally  substantially  built,  and  crosses  several  small  creeks  by  means  of  stone 
aqueducts,  all  of  which,  as  well  as  some  of  the  locks,  which  were  also  of  stone,  are  iu  good  condition,  although 
the  gates  of  the  latter  are  gone;  and  toward  the  upper  end  of  the  canal  there  are  extensive  masonry  walls  in  places  on 
the  river  side,  rendered  necessary  by  the  abruptness  of  the  banks,  and  all  in  good  condition.  At  the  upper  end  of 
the  canal  there  was  a  guard-lock,  and  probably  a  dam,  but  the  gates  of  the  lock  are  gone,  and  the  dam  now  there- 
consists  only  of  a  few  stones  piled  up  roughly.  The  river  at  this  place  is  said  to  be  very  favorable  for  the  construction 
of  a  dam  which  might  extend  entirely  across  the  river. 

Nearly  four  miles  below  the  head  of  the  canal  is  a  flight  of  four  locks  with  a  total  lift  of  36  feet.*  The  fall  of 
the  upper  two  is  utilized  by  a  saw-  and  grist-mill  and  cotton-gin,  using  about  18  feet  fall,  25  horse-power,  and 
discharging  the  water  to  the  lower  level.  This  mill  can  run  at  fall  capacity  aU  the  time,  but  little  additional 
power  can  be  obtained  without  increasing  the  capacity  of  the  canal  above,  which  is  at  present  only  12  to  15  feet, 
wide  and  3  or  4  feet  deep.  The  total  fall  of  these  locks,  36  feet,  is  practically  available  at  this  place,  and  the  land 
in  the  vicinity  is  favorable  for  building. 

At  the  lower  end  of  the  canal  a  fall  of  48  feet  between  the  level  of  the  canal  and  the  river  was  overcome  by  a- 
flight  of  6  locks  with  8  feet  lift  each.*  This  fall  is  used  by  two  mills  and  a  foundry ;  the  upper  one,  a  grist-  and  flour- 
mill  (two  run  of  stones)  and  two  cotton-gins,  uses  18  feet  fall  and  30  or  40  horse-power ;  the  lower  one,  a  corn-  and  flour- 
mUl  (six  run  of  stones),  uses  the  same  fall  and  70  or  80  horsepower,  and  the  foundry  uses  the  same  fall  and  some  15  or 
20  horse-power.  All  these  mills  discharge  the  water  directly  to  the  river,  and  are  situated  from  100  to  200  yards 
above  the  old  locks,  which  are  in  bad  condition.  They  can  run  full  capacity  all  the  year,  except  occasionally  for  a. 
few  days  at  a  time,  when  they  have  to  stop  on  account  of  high  water.  Little  additional  power,  however,  can  be 
obtained  with  the  present  condition  of  the  canal.    There  is  scarcely  any  troiible  whatever  with  ice. 

Although  the  fall  between  the  level  of  the  canal  at  its  lower  end  and  the  river  is  48  feet  at  low-water,  according-, 
to  the  report  of  the  company  the  freshets  of  the  river  are  so  frequent  and  so  violent  that  it  is  not  to  be  considered, 
practically  available  for  manufacturing  unless  supplementary  steam-power  be  introduced.  Just  what  faU  may  be 
economically  used  depends  on  various  circumstances  which  cannot  be  considered  here.  The  land  is  favorable  for- 
building  so  far  as  its  topography  is  concerned.  The  canal  is  at  present  somewhat  wider  on  the  lower  level  than  on^ 
the  upper,  but  is  shallower. 


*  Report  of  Eoanoke  Navigation  Company  in  one  of  the  reports  of  the  board  of  public  works  of  Virginia. 
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As  already  mentioned,  the  canal  at  Weldon  is  owned  by  the  Eoanoke  Navigation  Company— a  stock  company, 
of  which  some  shares  are  said  to  be  owned  by  private  individuals  and  some  by  the  states  of  Virginia  and  North 
Carolina.  There  being  no  interest  taken  in  the  canal,  either  as  a  means  of  navigating  the  river  or  as  a  means  of 
supplying  water-power— it  being,  in  fact,  practically  abandoned— the  mills  pay  no  rent  for  their  water-power.  It  is 
said,  however,  that  many  years  ago  some  water-power  was  let  at  a  certain  rate  per  runof  stone. 

In  addition  to  the  power  which  is  utilized  along  the  canal  there  is  a  small  amount  of  power  used  between  Weldon 
and  Gaston  by  mills  located  directly  on  the  river.  Thus,  on  the  north  side  of  the  river,  there  is  a  grist-mill  with  a 
fall  of  about  7  or  8  feet,  running  two  or  three  run  of  stones,  and  there  have  been  others,  at  various  times,  on  both  sides 
of  the  river.  On  the  south  side  there  was  a  grist-mill,  about  1  mile  below  South  Gaston,  said  to  have  had  a  fall  of 
15  feet,  with  a  race  one-half  mile  long.    These  mills  are,  of  course,  liable  to  be  stopped  often  during  freshets. 

The  total  drainage  area  of  the  Koanoke  above  Gaston,  or  the  head  of  the  falls,  is  about  8,200  square  miles,  and 
the  rainfall  over  this  area  is  about  40  or  42  inches,  distributed  tolerably  evenly  throughout  the  year.  I  found  no 
records  of  continued  gaugings  of  the  river.  Professor  Kerr  measured  the  flow  at  Haskins'  Ferry,  over  50  miles  above 
Weldon,  in  the  fall,  and  found  it  to  be  2,950  cubic  feet  per  second,  the  drainage  area  above  this  point  being  about 
7,350  square  miles,  but  the  stage  of  the  river  is  not  stated.*  I  have  estimated  the  flow  of  the  river  at  Gaston  to  be  as 
follows  (see  pages  18  to  21) : 

Cntio  feet  per  second. 

Minimum  flow - - 1,500 

Minimum  low-season  flow 1,700 

Maximum  available,  with  storage -. 6,000  , 

Low-season  flow,  dry  years 1^950 

The  corresponding  power  may  be  tabulated  as  follows : 


Flow,  cubic  feet  per  second. 

Horse-power  available,  gross. 

1  foot  fall. 

36  feet  fall. 

18  feet  faU. 

84  feet  fall. 

t  500                                                                                                                   . 

170 
193 
680 
221 

6,120 

6,948 

24,480 

7,956 

3,060 
3,474 
12,240 
3,978 

14,280 

16, 212 

° 

57, 120 

18,664 

If  the  water  could  be  stored  during  the  night,  so  as  to  concentrate  the  total  available  power  into  12  hours,  the 
powers  given  in  the  table  above  would  all  be  doubled,  but  it  would  probably  be  found  very  difficult  and  expensive, 
if  not  impossible,  to  do  this.  The  estimates  I  have  given  may  seem  too  low,  but  I  have  been  especially  anxious  to 
avoid  making  them  too  high,  and  I  believe  that  they  will  be  found  rather  under  than  over  the  truth.  This  enormous 
power,  almost  totally  unutilized,  is  available,  although  it  would  be  very  expensive  to  utilize  the  whole  of  it.  The 
existing  canal,  if  cleaned  out  to  its  original  dimensions,  would  be  capable  of  carrying  about  120  cubic  feet  per  second, 
■with  a  faU  of  a  foot  to  the  mile,  and  by  making  the  channel  very  smooth  it  might  carry  250  to  300  cubic  feet  per  second 
with  the  same  dimensions.  To  enlarge  the  canal  to  the  dimensions  necessary  to  enable  it  to  carry  1,500  cubic  feet 
per  second  would,  especially  in  the  upper  part,  be  very  expensive,  and  necessitate  considerable  blasting.  The  power 
which  would  be  rendered  available  if  the  canal  were  cleaned  out  to  its  original  dimensions  is  shown  by  the  following 
table,  the  fall  assumed  being  one  foot  to  the  mile.  The  capacity  may  be  taken  to  vary  between  120  and  250  cubic 
feet  per  second,  according  to  the  condition  of  the  bed  : 

Table  showing  available  power  at  Weldon  loith  existing  canal. 


Capacity  of  canal,  cubic  feet  per  second. 

Horse-power  available,  gross. 

1  foot  fall. 

36  feet  fall. 

18  feet  fall. 

84  feet  fall. 

120         

13.64 
28.41 

491. 0 
1,  022.  8 

245.5 
511.4 

1, 145. 8 
2, 386. 4 

260 

The  power  is  calculated  for  the  same  fall  as  before,  because  the  fall  of  the  canal  itself  could  be  given  by  a  dam 
at  its  head.  It  must  be  expressly  remarked  that  if  the  capacity  of  the  canal  is  to  be  made  250  cubic  feet  per  second, 
the  bed  and  slopes  must  be  made  very  smooth,  indeed,  by  being  cemented  or  lined  with  boards  carefully  fitted  to  each 
other,  and  with  great  care  the  capacity  might,  perhaps,  be  increased  above  250  cubic  feet  per  second.  If  the  fall  is 
made  2  feet  per  mile,  the  available  powers  would  be  nearly  1.4  times  as  great  as  those  given  in  the  above  table. 
By  deepening  the  canal  its  capacity  might  be  considerably  increased  at  small  cost. 

*  Maury  (Survey  of  Virginia,  pp.  36,  37,)  says  that  the  flow  of  the  Eoanoke  at  head  of  tide- water  in  dry  seasons  is  estimated  at  1,350 
csabic  feet  per  second. 
690 


SOUTHERN  ATLANTIC  WATER-SHED.  31 

The  powers  given  in  the  above  table  could  be  rendered  available  without  much  difficulty,  but  it  must  be 
lemembered  that  all  the  power  calculated  thus  far  is  the  gross  horse-powei',  and  that  the  amount  to  bo  practically- 
utilized  would  be  less,  varying  according  to  the  motor  employed.  With  good  turbine-wheels  the  net  power  will  be 
about  three-quarters  or  eight-tenths  of  the  gross  power. 

The  power  at  Weldon  is  one  of  the  largest  in  the  state  of  North  Carolina,  and  the  principal  cause  of  its  not 
being  utilized  to  a  greater  extent  is  probably  the  lack  of  capital.  It  is  said  that  the  place  is  not  very  healthy, 
aud  that  malaria  and  chills  and  fever  are  prevalent  at  certain  seasons.  It  is  certain  that  it  is  not  so  healthy  as  the 
country  farther  west,  but  I  doubt  whether  this  would  be  a  sufQcient  ground  to  prevent  the  utilization  of  such  a 
magniflcent  power.  The  facilities  for  transport  are  excellent,  both  by  land  and  by  water,  for  the  liver  can  be  made 
navigable  up  to  the  town,  and  it  is  quite  a  railroad  center.  Four  railroads  terminate  in  the  town,  \  iz,  the  Petersburg 
railroad,  the  Seaboard  and  Eoanoke  railroad,  the  Wilmington  niid  Weldon  railroad,  and  the  Ealeigh  and  Gaston 
railroad,  thus  bringing  Weldon  within  2^  hours  of  Petersburg,  ?>\  hours  of  IMcliinoud  and  Porfstnouth,  6  hours  of 
Wilmington,  and  5  hours  of  Ealeigh. 

Good  building-stone  and  timber  can  be  obtained  in  abundance  in  the  neighborhood,  and  a  good  deal  of  cotton 
is  raised  in  the  vicinity.  The  iron-deposits  near  Gaston  have  only  been  worked  to  a  very  small  extent,  although  the 
■ore  is  said  to  be  of  good  quality.  The  advantages  for  the  utilization  of  the  power  arc  in  fact  excellent  in  all  respects, 
.and  that  there  are  no  serious  drawbacks  is  proved  conclusively  by  the  successful  operation  of  Mr.  Battle's  cotton 
factory  at  Eocky  Mount,  on  the  Tar  river,  only  a  few  miles  distant.  The  place  is  worthy  of  a  careful  examination 
by  capitalists. 

Above  Gaston  the  river  widens,  and  there  are  no  other  poweis  at  all  comparable  with  the  one  just  described, 
although  there  are  some  shoals  whi»h  might  advantageously  be  utilized,  alternating  with  long  beatable  stretches 
of  smooth  water.  In  regard  to  these  shoals,  however,  I  was  only  able  to  obtain  a  few  senttered  notes,  and  on 
account  of  their  inaccessibility  I  was  unable  to  visit  any  of  them. 

Four  miles  above  Eock  Landing,  the  head  of  the  Weldon  canal,  is  a  shoal,  around  which  the  Navigation 
Company  constructed  a  canal  400  yards  long,  with  a  lock  at  the  lower  end  having  a  lift  of  9  feet.  The  fall  at  this 
shoal  is  said  to  be  utilized,  to  a  small  extent,  by  a  grist-mill. 

Two  miles  further  up  there  is  a  second  mill,  and  above  that  are'several  others,  tabulated  in  the  table  of  utilized 
power.  The  available  fall,  however,  I  am  unable  to  state.  The  only  other  i)lace  on  the  river  where  the  Navigation 
Company  found  it  necessary  to  construct  a  canal  was  at  Pugh's  falls,  where  there  was  one  lock  with  5i  feet  lift,* 
but  T  am  unable  to  say  just  where  this  place  is  located.  I  am  also  unable  to  give  any  information  regarding  the 
present  condition  of  these  canals,  but  the  jirobability  is  that  they  are  in  very  bad  order. 

The  principal  reason  why  these  shoals  have  not  been  used  more  extensively  is  probably  the  fact  that  the  river 
is  ^ide,  so  that  the  dams  necessary  are  long  and  expensive  and  subject  to  injmy  by  the  freshets.  Of  necessity, 
therefore,  mills  have  usually  been  located  on  smaller  streams. 

Finally,  it  may  not  be  out  of  place  to  say  a  few  words  regarding  the  causes  of  the  low  flow  of  the  Eoanoke 
{estimated )}- as  compared  with  that  of  streams  in  New  England.  These  causes  are  probably  the  following  :  (1)  The 
rainfall  on  the  drainage-basin  is  not  greater,  and  probably  rather  less,  than  on  the  basins  of  New  England  streams; 
(2)  it  is,  on  the  whole,  tolerably  uniformly  distributed  throughout  the  year,  but  on  some  parts  of  the  Dan  and 
Staunton  rather  more  falls  in  winter  than  in  summer ;  hence,  as  the  evaporation  is  ^ery  large,  the  streams  will  be 
very  low  in  summer,  when  the  evaporation  is  greatest  and  the  rainfall  least ;  (3)  there  are  no  lakes  to  regulate  the 
flow. 

As  regards  the  estimate  which  I  have  given  for  the  power  available  at  Weldon,  with  storage,  it  is  to  be  remarked 
that  to  render  this  power  available  would  require  the  construction  of  storage-reservoirs  sufficient  to  store  a  rainfall 
of  perhaps  3  inches  on  the  whole  water-shed,  which  would  correspond  to  a  storage  capacity  of  over  67,000  millions 
cubic  feet.  Such  storage  would  be  very  expensive,  so  that,  for  the  present  at  least,  the  estimate  of  power  from 
storage  has  little  interest  practically. 

TKIBUTAKIBS  OP  THE  EOANOKE  KIVEK  BELOW  THE  JUNCTION  OF  THE  DAN  AND  THE  STAUNTON  RIVERS. 

In  regard  to  these  streams  very  little  is  to  be  said.  None  of  them  are  of  any  importance,  and  possess  no  large 
water-powers,  so  far  as  I  could  learn.  The  only  power  used  on  them  is  for  running  small  grist-  and  saw-mills,  the 
grist-mills  generally  with  one,  two,  or  three  run  of  stones.  I  visited  none  of  these  streams,  and  the  tables  of  the 
power  utilized  on  them,  compiled  from  the  reports  of  the  enumerators,  will  show  that  they  are  not  of  much 
consequence.  For  small  powers  they  can  be  economically  utilized— more  economically  than  the  Eoanoke  itself— 
because  they  have  more  fall,  because  the  cost  of  a  permanent  dam  is  less,  and  because  the  mills  are  not  troubled 
with  high  water,  as  those  on  the  Eoanoke  are ;  but  their  flow  is,  of  course,  much  more  variable  than  that  of  the 
Eoanoke. 


"Keport  of  Eoanoke  Navigation  Company  in  one  of  the  reports  of  the  Virginia  board  of  public  works. 
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THE  DAN  EIVEE. 

The  Dan  river,  one  of  the  main  forks  of  the  Eoanoke,  rises  in  Patrick  county,  Virginia,  near  Buffalo  Knob,  in 
the  Blue  Eidge.  It  flows  first  in  a  southeasterly  direction,  enters  North  Carolina,  flows  through  Stokes  and 
Eockingham  counties,  and,  pursuing  a  general  easterly  course,  enters  Virginia  in  Pittsylvania,  returns  to  North 
Carolina  in  Caswell,  and  finally  enters  Virginia  again  in  Halifax,  to  unite  with  the  Staunton  in  the  adjoining  county 
of  Mecklenburg,  forming  the  Eoanoke.  The  length  of  the  stream,  measured  in  a  straight  line  nearly  east  and  west, 
is  about  100  miles,  and  by  the  course  of  the  river  about  180  miles.  The  principal  towns  on  the  river  are  Danbury, 
Madison,  and  Leaksville,  North  Carolina  (all  small  towus  of  several  hundred  inhabitants);  Danville,  Virginia, 
with  a  population  of  over  13,000;  Milton,  North  Carolina,  and  South  Boston,  Virginia,  with  five  or  six  hundred 
inhabitants  each. 

As  has  already  been  stated,  the  river  was  many  years  ago  made  navigable  by  the  Eoanoke  Navigation  Company 
as  far  as  Danville,  and  for  50  or  60  miles  beyond.  It  is  now  navigable  for  60  miles  above  that  place  (as  far  as 
Sauratown)  for  bateaux  carrying  12,000  pounds,  although  formerly  bateaux  sometimes  reached  Hairston's  falls,  12 
miles  below  Danbury.  Boats  propelled  by  poles  now  ply  irregularly  between  Danville  and  various  other  points  on 
the  river. 

The  river  and  harbor  act  of  June  18,  1878,  provided  for  a  survey  of  the  river  from  Clarksville,  Virginia,  to 
Danbury,  North  Carolina,  and  the  reports  on  this  survey  by  Mr,  S.  T.  Abert,  United  States  civil  engineer,  are  to  be 
found  in  the  reports  of  the  Chief  of  Engineers,  1879,  p.  652,  and  1880,  p.  794.  These  reports  give  detailed  information 
regarding  the  river,  and  have  been  used  freely  in  the  present  report.  By  the  river  and  harbor  act  of  June  14, 1880, 
the  sum  of  $10,000  was  appropriated  for  the  improvement  of  the  river  between  Madison,  North  Carolina,  and 
Danville,  Virginia,  "the  object  being  to  afford  a  channel  for  steam  navigationmot  less  than  35  feet  wide,  and  not 
less  than  1^  feet  deep  in  the  pools  and  2  feet  deep  in  the  rapids  at  extreme  low- water,"  the  estimated  cost  of  the 
work  being  $52,000. 

The  total  area  drained  by  the  Dan  is  3,700  square  miles.  The  tables  on  pages  34,  35,  37,  and  38  give  the 
drainage  areas  above  the  principal  water-powers. 

The  principal  tributaries  to  the  river  are,  from  the  north,  going  up  the  river,  Bannister  river,  Birch  creek,  Sandy 
river,  Smith's  river,  and  Mayo  river ;  from  the  south,  going  up,  Hyco  river.  County-line  creek,-  Moon's  creek, 
Hogan's  creek,  and  Town  fork.     These  will  be  referred  to  again. 

The  drainage  area  of  the  Dan  lies  principally  in  the  middle  division,  the  sources  of  the  river  being  on  the  eastern 
slope  of  the  Blue  Eidge.  Its  general  character  does  not  differ,  as  a  whole,  from  that  of  the  middle  division,  which 
has  been  described  on  a  previous  page.  Its  shape  and  dimensions  may  be  seen  by  referring  to  the  accompanying 
map.  Geologically,  it  lies  in  the  area  of  metamorphic  rocks.  Granite  is  found  at  various  points ;  also  sandstone, 
limestone,  and  slate,  and  fine  building-stone  is  to  be  had  in  abundance.  The.valley  is  rich  in  coal  and  iron,  extensive 
beds  of  iron-ore,  which  have  been  worked  to  some  extent  for  more  than  half  a  century,*  occurring  near  Danbury, 
North  Carolina.  The  coal-fields  embrace  an  area  of  over  30  square  miles,  and  have  been  developed  only  to  a  very 
smaU  extent.  Lying  in  the  immediate  vicinity  of  extensive  iron-beds,  their  importance  cannot  be  overestimated,  t 
Copper  also  has  been  found  in  the  valley. 

The  water-shed  separating  the  valley  of  the  Dan  from  those  of  the  Yadkin  and  Cape  Fear  is  a  "  long  and  broad 
ridge  or  swell  of  land,  which  trends  due  east",  with  an  elevation  of  800  feet  and  upward.  The  bed  of  the  river  is 
generally  200  or  300,  and  sometimes  400,  feet  below  the  adjacent  ridges,  and  its  tributaries  have,  therefore,  very 
considerable  fall,  some  of  them  affording  very  fine  water-power. 

The  principal  products  of  the  valley  are  tobacco,  corn,  wheat,  rye,  oats,  potatoes,  and  fruits.  There  is  very 
little,  if  any,  cotton  grown  in  the  valley.  "  Between  Danbury  and  LeaksviUe  the  land  appears  to  be  best  adapted 
to  tobacco  culture,  and  a  fine  grade  is  produced,  although  there  are  some  shortcstretches  of  very  good  bottom-land. 
Further  down,  the  valley  widens,  and  broad  bottoms  are  found  cultivated  in  corn  and  wheat."  The  country  is  hilly 
and  undulating,  and  in  the  extreme  west  mountainous.    The  forests  above  Danville  are  extensive  and  valuable. 

There  are  no  lakes  in  the  basin,  but  artificial  storage-reservoirs  could  probably  be  located  at  many  points. 

The  bed  of  the  river  is  solid  rock,  overlaid  between  the  rapids  with  sand  and  gravel.  The  facilities  for  dams 
are  excellent.  Above  Danville  the  banks  are  generally  moderately  high,  and  sometimes  abrupt  and  bluffy,  and  the 
bottoms  narrow  and  not  often  overflowed.  Below  Danville  the  banks  are  lower,  the  bottoms  wider,  and  oftener 
overflowed,  and  bluffs  more  rare.  There  are  no  regular  ravines  of  any  extent,  a  bluff"  on  one  side  of  the  river 
being  generally  faced  by  shelving  or  low  ground  on  the  other. 

The  river  is  subject  to  heavy  floods,  the  river  rising  and  falling  very  rapidly.  At  Madison,  in  1850,  it 
rose  28.4  feet;  and  at  Danville,  in  1873,  17  feet  above  ordinary  low  water.  Below  Danville  the  floods  rise  still 
higher.  Thus,  in  November,  1877,  the  river  rose  to  heights  of  30.21  feet  above  low  water  at  Milton;  33.54  feet  at 
Oliver's  mill,  28  miles  below  Danville;  and  23.7  feet  at  ClarksviUe.  Such  rises  are,  however,  very  rare.  There  is 
seldom  any  trouble  with  ice,  and  ice-jams  occur  very  seldom,  although  the  river  is  sometimes  frozen  over. 
"  Notwithstanding  the  height  of  the  floods,  the  banks  are  seldom  washed,  their  permanency  being  secured  by  a  fringe 
of  willow-growth,  which  borders  the  low  grounds." 

*  Annual  Report  Claief  of  Engineers,  1879,  p.  654.  t  Dr.  Qenth  (eee  above  source). 
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The  Dau  ;iud  Staunrou  rivers,  beiug  comparatively  not  so  wide  or  shallow  as  the  Eoanoke,  and  having  fewer 
bottoms  subject  to  overflow,  are  considered  more  favorable  for  navigation  than  the  latter  stream. 

The  average  annual  rainfall  on  the  valley  of  the  Dan  is  about  43  inches,  distributed  approximately  as  follows  : 
Spring,  11 ;  summer,  12 ;  autumn,  10 ;  winter,  10.  In  the  upper  parts  of  the  valley  the  rainfall  is  as  follows : 
.Spring,  12;  summer,  14;  autumn,  10;  winter,  U  inches.  The  following  table  will  show  the  declivity  of  the 
stream : 

TaMe  of  deoKviti/ — Dan  river. 


Place. 

Distance 
from  moutli. 

Elevation 
above  tide. 

Dist.  between 
points. 

Fall  bi'tween 
points. 

Tall  between 
points. 

ClaiksvlUe 

Miles. 
0.00 
04.27 
114.  37. 

129.  31 
142.  76 

Feet. 

260 
390 

647 

590 
695 

Miles. 
^              64. 27 
I              50. 10 
I             14. 94 
]              13. 43 

Feet. 

121 

-        157 
62 
95 

Feet  per  mile. 

Danville,  Kichmond  and  DanviUe  railroad-crossing* 

Madison  bridge 

3.13 

8.49 

7.26 

*  For  the  elevations  on  the  Ilicbmond  and  Danville  railroad  I  am  indebted  to  T.  M.  R.  Talcott,  general  manager,  who  had  special  measurements  made  of  the 
height  of  the  track  above  the  water-surface. 

Having  no  records  of  gaugings  of  the  Dan  river,  I  am  obliged  to  resort  to  estimates  of  the  flow.    The  following 
estimates  are  for  the  mouth  of  the  stream  : 

Table  of  estimated  flow  and  power  of  the  Dan,  River  at  moutli. 


state  of  flow  (see  pages  18  to  21) . 


Minimum 

Minimum  low  seaaon 

Maximum,  with  storage . 
Low  season,  dry  years  .. 


Drainage 
area. 


Sq.  miles. 
3,700 
3,700 
3,700 
3,  700 


Flow  per 
second. 


Cubic  feet 

700 

810 

3,000 

950 


Horse-power 

available, 

gross. 


Fer  footfall. 


92 
341 
108 


The  Dan  river  has  been  thus  far  not  very  accessible  above  Danville.  Below  that  point  the  Eichmond  and 
Danville  railroad  is  within  4  miles  of  the  stream  for  about  60  miles,  after  which  it  leaves  the  river  nearly  at  light 
angles.  Above  Danville  the  river  is  for  about  30  miles  within  6  miles  of  the  railroad,  but  above  that  it  has  been 
quite  inaccessible.  Thus  the  part  of  the  stream  which  is  easily  accessible  is  between  the  mouth  of  the  Bannister 
river  and  the  town  of  Leaks^ille.  Two  railroads  are  now  being  built,  however,  which  will  render  that  part  of  the 
river  above  Danville  as  accessible  as  that  below,  and  will  do  a  great  deal  to  develop  the  resources  of  the  valley 
(see  page  36). 

Water-powers. — It  has  already  been  stated  that  the  average  fall  of  the  Dan  between  Clarksville  and  the 
Eichmond  and  Danville  railroad  bridge  is  1.88  feet  per  mile.  This  fall  is,  however,  not  evenly  distributed  over  the 
whole  distance,  but  is  mainly  concentrated  at  a  few  localities,  thus  affording  fine  opportunities  for  developing  large 
water-powers. 

In  the  table  below  is  given  each  shoal  on  the  river,  but  as  some  are  of  no  importance,  and  their  fall  is  very 
small,  I  do  not  consider  it  worth  while  to  make  mention  of  them  particularly.  I  shall  therefore  mention  in  this 
place  only  the  larger  shoals,  giving  such  of  their  characteristics  as  I  have  L-een  able  to  gather  from  the  reports  of 
surveys  made  under  direction  of  Mr.  Abert.  The  falls  given  in  the  table  are  those  of  the  shoals  opposite  which 
they  are  placed,  and  tiie  distance  of  whose  foot,  from  Clarksville,  is  given  in  the  second  column. 

Proceeding  up  the  river  from  Clarksville,  the  first  shoal  encountered  is  BldpwitWs  shoal,  one-fourth  of  a  mile 
above  the  town.    Length  of  shoal,  6,660  feet ;  fall,  2.621  feet ;  rock  bottom.    Not  utilized. 

For  the  next  4  miles  the  fall  is  very  gentle,  and  at  one  place  the  Staunton  river  is  only  500  feet  distant,  a 
portion  of  the  water  of  the  Dan  flowing  over  through  what  is  called  Skipwith's  Thoroughfare  to  join  the  Staunton. 
About  5  miles  from  Clarksville  is  ¥elson's  shoal,  a  little  over  a  mile  long,  with  a  fall  of  2.216  feet;  rock  bottom; 
not  used;  river  full  of  rocks,  many  appearing  above  the  surface. 

About  7^  miles  above  Clarksvii:e  is  another  channel,  between  the  Dan  and  the  Staunton,  about  120  feet  wide, 

one-half  a  mile  long,  and  known  as  the  Upper  Thoroughfare.     From  this  point  down  to  their  confluence  the  two 

rivers  are  nowhere  more  than  three-fourths  of  a  mile  apart.    Just  above  this  thoroughfare  commences  Marbleyard 

shoal,  8,319  feet  long;  fall,  4.665  feet;  rock  bottom;  not  used. 
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The  next  shoal  of  importance  is  Utile  Hyco  falls,  a  very  dangerous  shoal  for  boats,  and  one  which  is  ascended 
with  difficulty.  The  most  important  shoal  on  this  part  of  the  river  is  Big  Hyco  falls,  13  miles  above  Clarksviile. 
The  bed  of  the  stream  consists  of  a  series  of  rock  ledges  and  projecting  rocks,  over  which  the  water  rushes  swiftly. 
I  did  not  visit  this  place  in  person,  but  I  was  informed  that  the  bank  on  one  side  is  bluffy,  while  on  the  other  a 
canal  could  easily  be  led  out,  if  necessary.  Then  follow  a  series  of  smaller  shoals.  King's  shoal  is  utilized  for  a 
small  grist-mill,  with  an  undershot  wheel  and  a  wiiig-dam,  and  Moon's  shoal  was  formerly  so  used.  It  is  noticeable 
that  there  are  several  steam  saw-mills  iu  this  vicinity. 

The  Yelloic  Gravel  shoal  is  used  for  power,  running  a  grist-mill  on  the  south  side  of  the  river,  which  is  here 
divided  by  an  island  3,300  feet  long  into  two  channels  of  nearly  equal  width.  From  the  head  of  the  island  a  dam 
extends  diagonally  across  the  left  channel,  having  a  length  of  600  feet,  and  serving  to  turn  the  water  into  the  right 
channel,  on  which  the  mill  is  situated,  some  2,200  feet  below,  with  a  second  dam  5.8  feet  high  across  this  channel. 
Nine-tenths  of  the  volume  of  the  river,  however,  pours  through  a  sluice  in  the  dam  at  the  head  of  the  island.  The 
mill  is  driven  by  a  6-foot  turbine- wheel,  operating  3  run  of  stones,  or  using  perhaps  40  net  horse-power.*  The  river 
bottom  at  this  fihoal  is  generally  gravel,  with  some  rock.  For  over  7  miles  above  this  place  there  is  no  shoal  of 
importance,  the  next  being  Beedy  Bottoni  shoal— a.  long  shoal,  with  a  pretty  uniform  slope,  and  generally  a  rock 
bottom. 

At  GoUvceWs  shoal  is  one  of  the  dams  built  by  the  Eoanoke  Navigation  Company,  but  the  fall  is  not  of  importance. 
There  are  several  saw-mills  on  the  river  between  this  shoal  and  the  previous  one,  but  none  of  importance. 

The  next  shoal  of  importance  is  the  Milton  shoal.  The  fall  is  moderate  in  the  upper  4,100  feet,  but  for  the 
remainder  of  the  length  very  rapid,  and  the  river  is  full  of  islands  and  rocks.  Below  the  shoal  the  river  is  only  12(> 
feet  wide  for  a  distance  of  three-quarters  of  a  mile. 

The  next  shoal  of  importance  is  the  Danville  shoal,  just  below  the  Eiqhmond  and  Danville  railroad-bridge,  and 
nothing  more  than  a  continuation,  with  a  less  rapid  fall,  of  Danville  falls,  yet  to  be  described.  The  bottom  is  wholly 
rock. 

In  regard  to  the  amount  of  power  which  can  be  utilized  on  the  river  between  Danville  and  Clarksviile,  an 
opinion  could  only  be  formed  by  a  personal  examination.  From  what  has  been  said,  it  is  clear  that  there  would  b& 
no  difficulty  in  building  dams  almost  anywhere,  so  far  as  the  bed  of  the  stream  is  concerned,  and  the  banks  ar& 
much  more  favorable  than  on  the  Eoanoke ;  but  whether  much  of  the  fall  is  available  for  power,  at  reasonable  cost,  I 
cannot  say.  In  the  table  are  given  estimates  of  the  power  at  only  a  few  points,  but  at  the  end  are  added  estimates 
of  the  total  theoretical  powers  between  those  particular  points,  but  which  are,  probably,  not  practically  available. 
The  powers  given  for  the  separate  shoals  are  for  the  natural  fall  in  the  river  at  each  shoal,  and  may,  of  course,  be 
increased  if  that  fall  is  increased  by  a  dam. 

Summary  of  power,  etc.,  of  the  Ban  River  between  Glarksville  and  Banville. 


Locality. 


Skipwith's  shoal 

Nelson's  shoal 

Jericho  shoal 

Marbley  ard  shoal . . . 

Hog  island  shoal 

Island  creek  shoal . . 

Bagby's  shoal 

Hyco  shoal 

Little  Hyco  falls 

Big  Hyco  falls   

King's  shoal 

Grassy  creek  shoal. . 

Moon's  shoal 

Boston  shoal 

Yellow  Gravel  shoal 

Cbappell'B  flsh-trap . 

Lawson's  shoal 

Beody  Bottom  shoal 


6 

u 


Miles. 
0.23 
5.18 
7.00 
7.71 
9.48 
9.93 
10.65 
11.23 
12.09 
12.82 
14.69 

17.61 
19.93 
23.15 
28.20 

32.08 
33.08 
34.20 


Bainfall. 


Total  faU. 


„  .,  , ,     .      Total  iitil- 

Horse-poTver  aTauable,  sjross.j  ized. 


Sq.  miles. 

3,700 

3,700 

3,700 

3,690 

*3,  680 

*3,  670 

*3,  610 

*3,  600 

*3,  600 

3,190 

*3, 180 

*2,  670 
*2, 650 
*2, 620 
•2,  680 

*2,  540 

*2,  520 

2,485 


In. 


» 


Feet. 
2.621 
2.216 
0.905 
4.665 
1.261 
2.390 
0.771 
1.957 
3.100 
9.382 
2.670 

1.478 
2.331 
2.131 
3.644 

0.986 
1.087 
5.223 


■6 


i 


Feet. 
6,660 
5,565 
1,210 
8,319 
882 
3,294 
1,854 
3,560 
1,510 
3,163 
4,482 

2,926 
1,406 
2,858 
4,063 

280 
2,886 
11, 338 


210 


375 


240 
610 


190 


265 


■.g 


240 


425 


275 
750 


230 


820 


-03 


890 


1,575 


1,075 
3,000 


is 

a,  « 

to  E>j 

o 
Hi 


280 


500 


315 
850 


690 


1,250 


265 


365 


Feet 


20 


15 


Bemarka. 


Rock  bed. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Bock  and   gravel' 
bed. 

Bock  bed. 

Do. 

Do. 

Drift,   rook,    and' 
gravel  bed. 

Fish  dam. 

Drift  and  sand  bed 

Bock,  gravel  and 
sand  bed. 


•  Interpolated. 


t  See  pages  18  to  21. 


*  The  flow  of  the  stream  was  measured  by  Mr.  J.  H.  Gill,  U.  S. 
to  he  990  cubic  feet  per  second. 
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Summary  of  power,  etc.,  of  Dan  River — Continued. 


LooaUt7. 


BaiufaU. 


Total  faU. 


W 


Horse-powor  avaiUble,  groae.  f 


I 


Total  util- 
ized. 


Bemarln. 


Powell's  shoal 

Ooldwell's  shoal 

MUton  shoal 

Dodson's  shoal 

Crowder's  shoal 

Battlesnake  shoal 

WiUdnson's  shoal 

Pass'  shoal 

Six's  shoal 

N'oble's  shoal 

Allen's  shsal 

Jock  Bar  shoal 

"Wilson's  island  shoal 

Danville  shoal 

Richmond  and  Danville  railroad 

bridge. 
Between  head  of  SUpwith's  shoal. . 

and  foot  of  Mlarbleyaxd  shoal 

Between  head  of  Marbleyard  shoal 

and  foot  of  Little  Hyco  shoal 

Between  head  of  Big  Hyco  shoal . . 

and  foot  of  Yellow  Gravel  shoal. . 
Between  head  of  Xellow  Gravel  shoal 

and  foot  of  Reedy  Bottom  shoal. . 
Between  head  of  Eeedy  Bottom  shoal 

and  foot  of  Milton  shoal 

Between  head  of  Milton  shoal 

and  foot  of  Danville  shoal 

Total  on  Dan  river  np  to  head  of 

Danville  shoal. 


MUea. 
37.77 
43.62 
60.05 
51.61 
54.95 
55.78 
58.41 
68.80 
69.27 
60.38 
61.28 
62.09 
62.27 
62.69 
64.27 

1.49 
7.71 
9.29 
12.09 
13.42 
28.20 
28.96 
34.20 
36.34 
60.05 
51.36 
62.69 

>64.04 


Sj.  miles. 
*2, 460 
*2, 420 
2,286 
*2, 270 
•2,240 
*2, 230 
*2, 200 
*2, 140 
*2, 130 
*2,010 
*2,000 
*1,990 
♦1,990 
1,989 
1,989 

3,700 
3,690 
3,690 
3,600 
3,190 
2,580 
2,580 
2,485 
2,485 
2,286 
2,2861 
1,989^ 
(   3,7001 
I  1,989  J 


In. 
45 
46 
46 
45 
46 
45 
45 
45 
45 
45 
45 
47 
47 
47 
47 

43 
43 

45 
45 
45 

45 
43 


Feet. 
1.241 
1.646 
7.138 
2.384 
1.379 
1.174 
0.979 
0.679 
1.714 
2.173 
0.665 
1.890 
2.185 

10.668 


Feet. 

4,478 

2,738 

6,898 

1,204 

3,290 

8,202 

720 

700 

282 

2,052 

884 

854 

2,280 

8,375 


Feet. 


330 


400 


1,600 


460 


430 


600 


2,100 


570 


Keck  and  sand. 
Gravel  and  rook. 
Book. 

Do. 

Do. 

Do. 

Do. 

Do^ 
Gravet 
Bock. 

Do. 
GiaveL 
Book. 

Do. 


6.462 

7.272 

15.274 
6.076 
14.735 
24.  U7 


Miles. 
6.22 


14.78 

5.24 

13.71 

1L33 


120.  806       64.  04 


616 
665 

820 

315 

720 

1,050 

6,635 


690 
650 

990 

385 

880 

1,280 

7,915 


2,200 
2,550 

3,950 
1,600 
3,600 
5,150 
31,290 


675 

740 

1,130 
440 
1,000 
1,460 
9,050 


•Interpolated.  t  See  pages  18  to  21. 

The  next  power  above  the  Danville  shoal  is  at  Danville  falls,  at  the  city  of  Danville,  Virginia.  The  total  faU 
here  is  21.977  feet,  in  a  distance  of  7,425  feet,  between  the  Eichmond  and  Danville  railroad-bridge  and  a  point  2,000 
feet  above  the  existing  dam.  The  town  of  Danville  is  situated  on  the  south  side  of  the  river,  and  on  the  opposite 
side  is  the  village  of  North  Danville.  The  bed  of  the  stream  is  of  solid  rock,  covered  in  places  with  sand  and 
gravel,  and  the  banks  are  shelving  on  the  south  side,  offering  good  building-sites,  while  on  the  north  side  they  are 
more  abrupt  and  less  favorable ;  and  along  this  bank  runs,  for  a  short  distance,  the  Virginia  Midland  raihoad,  whicb 
terminates  at  the  Eichmond  and  Danville  railroad-bridge.  Around  these  falls  the  Eoanoke  Navigation  Company- 
constructed  a  canal,  on  the  south  side  of  the  river,  about  3,200  feet  long,  30  feet  wide,  and  probably  originally 
about  3  feet  deep,  with  three  locks  at  the  lower  end,  having  a  total  lift  of  20J  feet,  and  a  guard-lock  at  the  head 
with  a  lift  of  7  feet.*  The  locks  are  out  of  repair,  and  no  attempt  is  made  to  keep  them  in  order,  this  canal  having 
passed  into  the  hands  of  private  individuals,  and  being  used  only  to  supply  water-power.  It  is  said  that  none  of 
the  canals  on  the  Eoanoke  or  Dan  rivers,  except  the  one  at  Weldon,  are  now  owned  by  the  Navigation  Company. 
The  upper  gate  of  the  lower  locks  is  kept  closed  to  keep  the  water  level  up,  and  although  boats  enter  the  canal  from 
above  there  is  no  egress  below.  At  the  head  of  the  canal  is  a  dam  built  of  wood  and  stone — the  wooden  frame 
being  bolted  down  to  the  rock  with  iron  pins— extending  in  a  broken  line  diagonally  up  stream,  with  a  length  of 
about  700  feet  and  a  height  of  about  4  feet.  The  river  here  is  about  1,100  feet  wide,  and  the  dam  extends  rather 
beyond  the  center.  It  was  built  about  the  year  1830,  but  the  principal  part  was  rebuilt  in  1873  and  1874,  and  cost 
about  $8  per  running  foot.  It  is  founded  entirely  on  solid  rock,  and,  although  once  a  little  injured  by  a  freshet, 
there  is  rarely  any  trouble  with  either  freshets  or  ice.  The  pond  is,  of  course,  insignificant.  The  canal,  although 
probably  originally  3  feet  deep,  is  at  present  much  filled  up  in  some  places,  its  depth  varying  from  1.9  to  3.5  feet, 
and  supplies  power  to  the  following  mills,  taking  them  in  order  down  the  canal : 

1st.  Gerst's  planing-mill.  A  new  mill  is  now  being  put  up,  and  the  old  one  is  not  running.  They  have  a 
fall  of  7  01*  8  feet,  and  own  the  right  to  50  horse-power,  but  no  care  is  taken  by  those  owning  the  power  to 
regulate  strictly  the  quantity  of  water  they  consume.  They  can  run  at  their  full  capacity  for  about  seven  months, 
and  sometimes  can  only  get  half  capacity. 


Report  of  Roanoke  Navigation  Company  iu  one  of  the  reports  of  the  board  of  public  works  of  Virginia. 
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2d.  Foundry  aad  machine-shop,  owned  by  Crews  &  Eodenhizer,  and  rented  by  Corbiu  &  Westbrook.  They 
only  run  two  or  three  days  of  the  week,  use  9-feet  fall  and  30  horse-power,  and  say  that  they  can  get  full  capacity 
all  the  time.    They  use  an  overshot  wheel,  and  the  amount  of  water  is  not  strictly  regulated. 

3d.  G.  W.  Yarbrough's  grist-mill,  running  two  sets  of  stones,  with  17  feet  fall  and  some  25  horse-power.  Full 
capacity  can  be  obtained  during  nine  months,  and  sometimes  only  one-half  can  be  obtained.  Mill  and  power  is 
rented  at  a  fixed  price  per  annum,  and  as  much  water  can  be  used  as  can  be  obtained,  for  here,  as  in  the  other 
cases,  no  attempt  is  made  to  regulate  the  amount.  The  water-power  on  this  side  of  the  river  is  owned  by  the  firm 
of  Crews  &  Rodenhizer. 

These  mills  have  no  trouble  with  ice,  aud  the  upper  one  has  none  with  backwater,  but  the  lower  two  are  troubled 
for  perhaps  two  days  in  the  year  from  that  cause.  All  these  mills  could  get  full  capacity  all  the  time  if  the  canal 
were  properly  cleaned  out. 

The  power  on  the  north  side  of  the  river  is  owned  by  Lee,  Hatcher  &  Co.,  and  is  used  for  a  corn-  and  grist- 
mill and  a  foundry  and  machine-shop.  The  dam,  which  is  built  partly  of  wood  and  partly  of  stone,  extends, 
in  a  broken  line,  very  obliquely  up  stream  below  the  dam  on  the  south  side,  and  not  reaching  the  center  of  the 
stream.  The  stone  part  extends  from  the  bank  for  a  distance  of  400  feet,  was  built  in  1874  at  a  cost  of  $5,000,  and 
has  an  average  height  of  4  feet;  while  the  wooden  part,  a  continuation  of  the  stone  part,  has  a  length  of  600  feet, 
«.  height  of  4  feet,  aud  was  built  in  1876  at  a  cost  of  $2,000',  being  constructed  of  crib-work,  fastened  to  the  rock 
with  iron  pins,  and  filled  with  stone.  The  bed  is  solid  rock.  The  mills  are  situated  at  the  base  of  the  dam, 
using  a  fall  of  8  feet  2  inches,  and  about  80  horse-power,  the  tail-race  being  blasted  out  of  the  solid  rock  for  some 
distance.  The  dam  sirnply  intercepts  what  water  flows  around  the  end  of  the  Danville  dam,  and,  of  course,  gives 
no  storage.  The  owners  claim  200  horse-power  available  with  the  fall  mentioned,  and  expect  to  get  full  capacity  all 
the  time.  (The  improvements  were  in  progress  at  the  time-of  my  visit.)  The  flour-mill  has  4  sets  of  stones,  and 
wOl  run  night  and  day,  and  the  machine-shop  10  hours.  Three  turbine- wheels  supply  the  power.  The  dam  has 
never  been  carried  away  or  injured  by  freshets.  Mr.  Hatcher  states  that,  with  a  5-foot  dam  further  up  the  river,  a 
fall  of  between  16  and  17  feet  can  be  rendered  available  in  a  distance  of  2,500  feet;  and  the  firm  indicated  their 
intention  of  developing  the  power  to  a  large  extent  in  this  way,  and  of  leasing  water  at  a  fixed  rate  per  day  per 
horse-power. 

The  city  of  Danville  obtains  its  water-supply  by  pumping  water  from  the  river  at  a  point  about  IJ  miles  above 
the  dams.  The  present  supply  amounts  to  2,000,000  gallons  per  week,  but  is  expected  to  be  5,000,000  in  a  few 
years,  as  the  water -works  are  new.  This  amount,  however — less  than  2  cubic  feet  per  second — is  insignificant  as  a 
source  of  loss  of  power  below. 

The  width  of  the  river  opposite  Danville  varies  from  1,100  feet,  at  the  head  of  the  falls,  to  850  feet  at  other 
points.  Between  Danville  and  Milton  shoal  it  is  from  240  to  640  feet,  or  an  average  of  280  feet;  at  Milton  shoal 
it  is  from  240  to  440  feet ;  from  Milton  shoal  to  Hyco  slioal  it  is  from  210  to  540  feet,  or  au  average  of  300  feet,  and 
below  Hyco  shoal  it  is  from  250  to  530  feet,  or  an  avera,ge  of  340  feet. 

The  area  drained  by  the  Dan  above  Danville  is  about  1,989  square  miles,  aud  the  rainfall  about  42  to  46  inches, 
with  13  inches  in  summer  and  12  inches  in  winter  (see  table  on  page  37).  In  the  absence  of  any  gaugings  of  the 
.flow,  I  have  estiukated  it,  and  the  power,  as  in  the  following  table : 

Estimate  of  flow  of  stream,  and  of  the  power,  at  Danville,  Virginia. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


Tall. 


Flow  per  sec- 
ond. 


Horse-power  available, 

gross. 


■^M"i.niTniiTfi 

.Mmlmnm,  low  season. . 
Maximnm  with  storage 
SjOw  season,  dry  years  . 


Square  miles. 


Feet. 


The  full  power  at  Danville  has  never  been  utilized.  The  present  canal,  if  cleared  out  to  its  original  dimensions 
(30  feet  wide  at  top  and  3  feet  deep),  would,  as  in  the  case  of  the  Weldon  canal,  carry  from  120  to  250  cubic  feet 
per  second,  but  in  this  case  it  would  not  be  difficult  to  make  its  capacity  sufiicient  to  carry  the  whole  flow  of  the 
xiver. 

The  question  of  the  purchase  by  the  city  of  Danville  of  the  entire  water-power  of  the  Dan  river  at  this  place 
has  been  agitated  recently. 

Although  the  valley  of  the  Dan  above  Danville  offers  sites  for  storage-reservou'S,  yet  it  would,  perhaps,  be 
•difficult  to  obtain  sufiicient  storage  to  render  the  maximum  power  available. 

The  location  of  Danville,  as  regards  transportation,  is  most  favorable,  situated  as  it  is  on  the  Eichmond  and 
Danville  railroad,  and  on  the  Virginia  Midland.  Several  new  roads  have  been  projected,  and  two  are  being  built  (or 
liave  been  surveyed  and  located)  up  the  valley  of  the  Dan.  One  of  them,  the  North  Carolina  Midland  railroad,  is  to 
run  from  Danville  through  Madison,  thence  southward  to  Statesville  and  further.  The  termini  of  the  other  road  I 
cannot  state,  but  I  understand  that  it  is  to  run  from  Danville  up  the  valley  of  the  Dan.  The  staple  product  in  this 
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neighborhood  is  tobacco,  and  the  people  have  not  turned  their  attention  to  manufacturing,  except  to  a  very  small 
■extent.  The  neighboring  region  is  very  salubrious,  and  there  seems  to  be  no  reason  why  the  water-power  of  the 
river  should  not  be  more  extensively  used. 

Proceeding  up  the  river,  various  shoals  arc  vncountciod,  all  of  which  are  mentioned  in  the  following  table.  As 
before,  the  power  has  been  calculated  only  for  the  principal  ones.  I  am  unable  to  describe  in  detail  any  of  these 
shoals,  not  having  visited  any  of  them  in  person.  It  is  cNidcnl,  however,  that  the  facilities  for  power  are  good,  as 
far  as  bed  and  banks  are  concerned,  both  from  Mr.  Abcrt's  report  and  from  what  additional  information  I  could 
gather.  The  width  of  the  stream  between  Uanville  and  Madison  varies  from  190  to  430  feet,  averaging  perhaps 
250  feet.  At  Hairston's  ford,  above  JMadisou,  it  is  ICO,  and  at  Danbury  12(1  feet.  The  power  of  the  river  is  utilized 
between  Danville  and  Danbury  at  only  two  points,  viz,  at  Wa-lc  falls  and  at  Hairston's  falls,  and  there  only  by  small 
grist-  and  saw-mills,  using  a  very  small  amount  of  power.  The  mill  at  Hairston  falls  is  supplied  by  a  dam  at  the 
head  of  the  falls,  extending  in  the  form  of  a  V  across  the  stream,  with  the  apex  up  stream,  and  constructed  of  logs. 
It  was  built  in  1879,  at  a  cost  of  about  sfsll'S,  and  is  about  150  yards  (?)  long  and  3J  feet  high,  backing  the  water 
about  half  a  mile.  A  race  about  2,000  feet  long  leads  to  tlie  mill,  located  on  the\'ight  bank,  where  a  fall  of  9 
feet  is  used*with  a  primitive  wheel  to  drive  the  grist-  and  saAv-mill,  some  20  horse-power  (net)  being  utilized,  and 
in  dry  weather  no  water  llowing  over  the  dam.    The  bed  of  the  river  is  solid  rock. 

A  power  just  above  Danbury  was  formerly  used  .to  a  small  extent  by  the  iron- works  at  that  jdace.  The  dam 
was  10  feet  high,  and  the  water  carried  to  the  works  through  a  tunnel  about  100  yards  long,  cutting  through  a 
spur  of  the  hills  around  which  the  river  bends,  and  affording  at  the  lower  end  of  the  canal  a  fall  of  21  feet.  The 
fall  used  by  the  works  was  about  16  feet,  and  the  distance  from  the  head  of  the  canal  to  the  foot  of  the  tail-race 
about  half  a  mile  by  the  river.  A  very  small  proportion  of  the  dry-weather  flow  of  the  stream  was  utilized. 
The  works  have  not  been  in  operation  since  1805,  and  the  dam  has  been  entirely  washed  away.  It  is  said  that  a  dam 
18  feet  high  could  be  built  at  this  place,  in  which  case  the  available  fall,  at  the  lower  end  of  the  canal,  would  be  29  feet. 

Above  Danbury  the  Dan  is  a  small  stream,  but  lias  a  great  deal  of  power,  on  account  of  its  rapid  fall.  I 
can  form  no  estimate  of  its  available  power,  but  it  is  safe  to  say  that  sites  for  small  mills  can  be  found  at  numerous 
points  all  the  waj*  up.     The  utilized  power  is  tabulated  below. 

The  results  in  the  tables  below  must  only  bo  considered  as  very  rough  approximations,  but  I  believe  the  powers 
given  to  be  rather  too  small  than  too  great.  Wlien  it  is  remembered  tliat  the  rainfall  records  for  the  region 
considered  are  very  incomplete  indeed,  so  that  its  distribution  through  the  year  is  very  uncertain,  and  that  there  are 
no  gaugings  of  the  river  in  existence,  the  engineer  will  be  inclined  to  put  little  reliance  on  the  figures  given,  and 
I  uuist  be  distinctly  understood  as  not  claiming  for  them  any  more  value  than  they  are  worth.  A  more  accurate 
knowledge  of  the  climatic  and  other  features  of  the  region  considered  would  doubtless  lead  me  to  alter  my  estimates. 
And  finally,  it  is  to  be  remarked  that  these  figures  refer  to  the  power  available  with  the  natural  fall  of  the  stream, 
with  its  natural  flow ;  or,  in  the  case  of  storage-reservoirs,  with  its  mean  flow  at  all  hours.  If  the  water  could  be 
stored  during  the  night,  all  these  powers  could  be  doubled,  and  the  power  at  many  shoals  could  doubtless  be 
considerably  increased  by  putting  up  dams. 

I  have  not  considered  it  worth  while,  however,  to  calculate  the  theoretical  available  power  between  the  principal 
shoals,  as  it  is  uncertain  how  much  of  it  would  be  practically  available.  It  is  evident  that  the  Dan  river  oifers  a 
large  amount  of  available  power  and  fine  facilities  for  inanufacturing. 

Summary  of  power  of  the  Dan  River*  between  Danville,  Va.,  and  Danbury,  N'.  G. 


Locality. 


"Eichmoncl  and  Danville  rail- 
road-bridge  

Diinville  falls 

Lynch'e  ahoaL 

Long  shoal 

■Giass'  shoal , 

Butter  spring  shoal 

Wolf  island  shoal 

Adams'  island  shoal 

Adams'  fish-trap  shoal 

Little  Island  Ledge  rapid. . . 


1 


Miles. 

o.qoo 

0.500 
3.232 
4.583 
7.789 
9.299 

10.  606 

11.  986 
13. 057 
13.  263 


I 
R 


1,851 
}1,  810 


tl,  760 


BainfalL 


CQ 


Inches. 
11-13 
11-12 
11-12 
11-12 
11-12 
11-12 
11-12 
11-12 
11-12 
11-12 


M 


Indies. 
12-13 
12-13 
12-13 
12-13 
12-13 
12-13 
12-13 
12-13 
12-13 
12-13 


S 


Incites. 
10-11 
10-11 
10-11 
10-11 
10-11 
10-11 
10-11 
10-11 
10-11 
10-11 


.3 


Inches. 
11-12 
11-12 
11-12 
11-12 
11-12 
11-12 
11-13 
11-12 
11-12 
11-12 


Inches. 
44-48 
44-48 
44-48 
44-48 
44-48 
44-48 
44-48 
44-48 
44-48 
44-48 


Total  fall. 


Feet. 


22.00 
2.53 

18.73 
5.68 
2.78 
2.76 
4.38 
0.81 
0.50 


t 


Feet. 


7,500 
2,631 
8,  527 
6,228 
2,420 
3,508 
4,144 
532 
619 


Horse-power  available,  gross.t 


670 

200 


0  * 


1,050 


4,375 


825 
240 


3,465 
.1,  025 


944 
275 


210 


Total  utilized. 


i 

f^ 


•Bottom  rock;  often  at  surface,  always  at  small  depth.    All  favorable  for  dams. 


t  See  pages  18  to  21. 


}  Interpolated. 
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Summary  of  power 

o/  tlie 

Dan 

river, 

ete.— 

Continued. 

6 
1 

D 

b 

Eainfall. 

Total  faU, 

Horse 

power  aTailable, 

gross.* 

Total  ntiUzed. 

E 
I 

i 
1 

Locality. 

s 

i 

xn 

1 

"3 

1 

i 

£ 

1 

1. 

d 

1^ 

r 

g 

•  s 
1 

MiUs. 
14. 468 
15.  612 

15.  768 

16.  394 
19.  094 
19.  891 
20.452 
21.597 
23.349 

26.  946 
27.54 

27.  835 
33.  473 
33.843 
35.  536 
37.  420 
39.  378 
43. 100 
4.5.  740 
46.  240 

Sq.  ms. 
tl,  735 

tl,  675 

1,639 

975 

t950 
t940 

Inches. 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

U-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 

12 
12 
12 
12 

Inches. 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

12-13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 
13 
13 
13 

Inches. 

10-U 

10-U 

10-U 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10-11 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 
10 
10 
10 

Inches. 

U-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

11-12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

32 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 
12 
12 
12 

Inches. 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

4448 

44-48 

44-48 

44  48 

44-48 

44^8 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

44-48 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

^47 

"^47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 

47 
47 
47 
47 

Feet. 
4.35 
0.37 
0.35 
0.23 
0.42 
0.60 
5.28 
0.37 
2.17 
0.64 
0.71 
5.85 
0.30 
4.50 
0.49 
2.62 
3.14 
1.38 
1.62 
1.93 
0.04 
2.58 
,0.69 
0.30 
0.88 
0.49 
2.44 
1.20 
2.36 
1.17 
3.51 
4.70 
2  09 
0.52 
1.18 
2.59 
1.33 
2.56 
1.40 
3.93 
14.89 
6.65 
8.67 
1.85 
1.79 
1.01 
4.62 
6.44 
2.01 
1.13 
4.79 
6.22 
10.60 
f  21.  00 
(  29.  00 

100.0 

66.0 

150.0 

300.0 

Feet. 

3,794 

631 

657 

689 

559 

595 

4,399 

658 

31 

890 

901 

8,619 

400 

2,898 

1,500 

2,600 

1,290 

1,250 

883 

1,450 

150 

1,074 

150 

580 

750 

309 

1,090 

305 

1,188 

381 

3,241 

3,  276 

1,288 

220 

444 

606 

441 

1,806 

477 

1,517 

2,629 

3,280 

4,033 

1,119 

390 

205 

1,841 

2,616 

810 

1,266 

2,237 

3,317 

Miles. 
28 

21 

29 

78 

'145 

180 

750 

205 

Feet. 

Pruitt's  lower  shoal 

Pmitt's  upper  ahoal 

Cow  Ford  sltoal 

Hairston'e flsh-trap  shoal  ... 

Bea^ley's  G-allows  shoal 

Tan  Yard  shoal 

170 

2U 

880 

241 

■• 

"Wi'de  Mouth  shoal 

Sauratown  ford  shoal 

Double  shoal 

185 

228 

950 

260 

HamDlin's  island  shoal 

Galloway's  fish-trap  shoal . . . . 

75 

100 

440 

115 

Eagle  Falls 

Mulberry  island  shoal 

Three  islands  shoal 

...... 

Lone  island  Bhoal 

(Vavel  bar 

Slint  shoal 

■  48.  30 
48.60 
48.90 
49.53 
50.33 
51.67 
52.57 
53.70 
54.39 
55.21 
56.52 
57.56 
58.40 
59.63 
60.77 
61.44 
61.79 
64.21 
65.70 
66.88 
68.49 
69.91 
71.26 
71.64 
71.  82  ' 
72.21 
73.08 
73.65 
74.20 
74.58 
75.20 
77.49 

560 
550 

f340 

328 

t320 

1315 

1312 
312 

1275 
270 
250 

250 

1,  089  1 

1,  639  > 

1,  039  1 

900  3 

580  5 

250  5 

1,  989  1 

250  5 

V 

Cross  Kock  rapid 

Koberson'  s  fiah-trap 

Wolf  shoal 

Cross  Rock  shoal 

Shoal  and  fish  dam 

Sandy  island  shoal 

31 

42 

44 
60 

196 
260 

50 
69 

Carter's  sboal 

Kiitley'ssboal 

BuKzaid  island  sb (Jhl 

Ladd's  ford  sboal 

Diilton's  fish-trap  shoal 

Granny  Angel's  sboal 

Shoe-buckle  island  shoal 

Clav's  island  shoiil 

Fisb-trap  shoal 

18 
66 
30 
38 

26 
98 
44 
57 

134 
492 
213 
270 

30 

110 

50 

05 

Haii'ston's  Falls 5 

Big  rtock  shoal , 

Mount  Horrible  shoal 

"Vfilliams'  fisb-trap  shoal 

Davis  sboal 

Cow  foi  d  sboal 

19 
27 

28 
40 

140 
200 

32 
46 

Ducking  shoal 

Fulcher'a  sboal 

Sink  hole  sboal 

Red  sboal 

18 
22 
37 

75 
102 

3,480 
950 
930 

S,360 

25 

32 

55 

110 

150 

4,300 
1,275 
1,350 
6,925 

132 
170 
265 
525 
725 

18, 000 
5,600 
6,250 

29,850 

■29 
37 
63 

125 

175 

4,900 
1,450 
1,650 
7,900 

Old  mill  sboal 

Danbury  shoal 

Old  Iron  "Works  shoal 

0 
28' 
28 
49 
49 
78 

0 
78 

and  mouth  of  Smith's  river. 
Bet.  mouth  of  Smith's  river.. 

Between  mouth  of  Mayo 

Total  between  Danville 

608 


*  See  pages  18  to  21. 
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,  TRIBUTARIES  OF  THE  DAN  EIVEE. 

The  first  tributary  of  any  importance  above  the  confluence  of  the  Dan  and  Staunton  is  Hyco  river,  which 
enters  from  the  south,  its  mouth  being  just  above  the  head  of  Little  Hyco  falls.  This  stream  rises  in  the  extreme 
southern  part  of  Caswell  and  Person  counties,  North  Carolina,  and  flows  in  a  northeasterly  direction  through 
Halifax  county,  Virginia,  having  a  total  length,  in  a  straight  line,  of  about  45  miles,  and  draining  an  area  of  about 
400  square  miles.  It  is  about  125  feet  wide  near  its  mouth.  Its  tributaries  are  small  and  unimpertant,  and  there 
are  no  important  towns  on  the  stream.  I  was  unable  to  learn  much  about  its  power.  The  bed  and  banks  are  said 
to  be  everywhere  favorable,  the  former  being  generally  rock.  The  only  power  used  on  the  stream  is  for  small  gri.st- 
and  saw-mills,  none  of  which  are  extensive.  No  sites  not  used  were  brought  to  my  notice,  but  probably  numerous 
ones  may  be  obtained  by  damming.  As  the  stream  flows  parallel  to  the  general  strike  of  the  rock  strata,  it  is 
probable  that  the  declivity  is  quite  uniform  and  not  broken  by  falls.  In  another  table  will  be  found  the  total  amount 
of  power  utilized,  compiled  from  the  enumerator's  reports.  The  rainfall  on  the  drainage  area  being  about  40  or  42 
inches,  I  have  estimated  the  flow  of  the  stream  at  its  mouth  (see  pages  18  to  21)  as  follows : 

Cubic  feot  per       Horae-power  per 
secoml.  foot  fall. 

Miuimum 45  55 

MiDimuni  low  season ; 64  7. 3 

Low  season,  dry  years 73  g.  3 

Maximum,  with  storage 325  37.0 

The  next  tributary  of  importance  is  the  Bannister  river,  from  the  north,  rising  in  Pittsylvania  county,  Virginia^ 
and  flowing  a  little  south  of  east  through  Pittsylvania  and  Halifax,  aud  joining  the  Dan  just  above  King's  shoal^ 
its  total  length,  in  a  straight  line,  being  about  40  miles,  its  drainage  are;i  about  500  square  miles,  and  its  width  near 
its  mouth  about  120  feet.  It  flows  close  by  Meadsville  and  llalifffe  0.  II.,  which  are  the  principal  towns  on  the 
stream.  It  has  considerable  fall,  but  is  utilized  only  for  small  grist-  and  saw-mills,  and  a  foundry  at  Meadsville. 
The  power  at  this  latter  place  is  said  to  be  fine,  running,  besides  the  foundry,  a  grist-mill  and  saw-mill;  but  I  have 
not  been  able  to  obtain  details  regarding  it.  Near  Eiceville,  Pittsylvania  county,  is  a  power  with  a  fall  of  12  feet 
in  900,  with  good  sites  for  building  on  the  north  bank.*  This  power  is  now  used  by  a  merchant  mill.  I  have 
estimated  the  flow  aud  power  of  the  stream  at  several  points,  aud  the  results  are  as  follows  (the  rainfall  being  in 
the  neighborhood  of  40  inches) : 


Place. 


Drainage 
area. 


i  Sg.  miles. 

Mouth I  500 

Halifax |  440 

Meadsville I  400 

Eiceville i  240 


Flow  per  second  (see  pages  18  to  21). 


Minimum. 


Minimum 
low  sea- 
sou. 


Cu.  feet. 
60 
53 
48 


Cu./eet. 
80 
71 
04 

37 


Maximum, 
with  stor- 
age. 


Oil. feet. 
400 
352 
320 
197 


Low  sea- 
son, dry 
year. 


Ou.feet. 
91 
81 
73 

42 


Horse-power  per  foot  fall. 


Minimum. 


6.9 
6.0 
5.4 
3.1 


Minimum 
low  sea- 
son. 


9.1 
8.0 
7.3 
4.2 


Maximum, 
with  stor- 


45.4 
40.0 
36.4 
22.4 


Low  sea- 
son, diy 
year. 


10.3- 
9.2 
8.3 
4.8 


This  stream,  flowing  across  the  rock  strata  at  large  angles  with  their  strike,  like  the  Dan,  is  probably  broken 
by  rapids  at  various  points,  but  no  detailed  information  could  be  obtained  regarding  them.  The  elevation  of  the 
stream  at  the  crossing  of  the  Virginia  Midland  railroad  near  Competition,  about  32  miles  from  its  mouth,  is  585 
feet,  and  at  the  crossing  of  the  Richmond  and  Danville  railroad  at  Terry's  bridge,  some  3  miles  from  its  mouth,  it  is 
304  feet,  giving  a  fall  between  these  points  of  about  280  feet  in  a  distance  of,  say,  30  miles,  or  over  9  feet  to  the  mile — 
a  large  fall.  As  the  distance  between  the  two  points  where  elevations  are  given  above  was  measured  from 
the  map,  and  as  the  stream  is  quite  crooked,  the  fall  per  mile  above  given  is,  no  doubt,  to  some  extent  incorrect; 
but  it  is  evident  that  this  stream  has  a  very  large  fall,  and  it  is  almost  certain  that  very  fine  sites  for  power  may  be 
found  upon  it.  Taking  the  flow  at  Meadsville  as  the  average  in  the  distance  referred  to,  the  fall  of  280  feet  between 
the  Virginia  Midland  railroad  and  the  mouth  of  the  river  would  correspond  to  power  as  follows: 

Horse-power. 

Miuimnm 1,512 

Minimum  low  season 2,  044 

Maximum,  with  storage 10, 192 

Low  season,  dry  years 2, 324 

'  The  next  tributary  worth  mentioning  is  Country-line  creek,  from  the  south,  rising  in  Caswell  county.  North 
Carolina,  and  joining  the  Dan  just  on  the  state-line  (hence  the  name  of  the  stream),  after  flowing  in  a  northeasterly 
direction  for  a  distance  of'about  25  miles  in  a  straight  line  and  draining  an  area  of  some  130  square  miles.  This 
stream,  like  the  others  in  this  neighborhood,  is  used  only  for  running  small  saw-  and  grist-mills.  The  fall  is 
considerable,  but  no  great  falls  at  any  one  place  were  spoken  of,  and  probably  do  not  exist,  as  the  stream  flowa 

*  Information  from  H.  Eaton  Coleman,  civil  and  topographical  engineer,  county  surveyor  of  Pittsylvania  county. 
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nearly  parallel  to  the  strike  of  the  rocks.  The  declivity  is  probably  quite  uniform,  and  the  powers  obtained  only  by 
damming.  I  heard  of  no  good  sites  unoccupied.  l!^ear  the  mouth  of  the  stream  is  Tarbrough's  grist-  and  saw-mill, 
with  a  dam  of  wood  and  stone  125  feet  long  and  9  feet  high,  backing  the  water  IJ  miles,  with  an  average  width  of 
100  feet.  A  fall  of  8  feet  at  the  mill  affords  a  power  of  some  25  horse-power  most  of  the  time,  but  the  flow  of  the 
stream  is  quite  variable.  Opposite  Yanceyville  the  stream  is  considerably  smaller,  and  will  only  afford  about  2  or 
2J  horse-power  per  foot  fall  (gross)  during  eight  months  of  the  year.  The  water-power  of  the  stream  is  thus  not 
very  extensive. 

The  other  tributaries  below  Danville — Moon's  creek,  emptying  just  above  Wilkinson's  shoal,  and  draining  about 
57  square  miles,  and  Hogan's  creek,  emptying  at  Dix's  shoal,  and  draining  about  114  square  miles — are  similar  in 
•character  to  Hyco  and  Oountry-line  creeks,  and  are  utilized,  like  them,  only  to  run  small  country  grist-  and  saw- 
mills, the  former  with  one  or  two  ran  of  stones.  In  a  later  table  will  be  found  the  statement  of  the  power  used  on 
these  streams  collectively,  and  more  need  not  be  said  here. 

The  mills  in  this  neighborhood  are  very  little  troubled  by  ice,  and  rarely  have  to  stop  on  that  account.  The 
<lams  are  generally  of  wood  or  of  crib-work  filled  with  stone,  and  there  is  no  trouble  in  obtaining  good  foundations. 

The  first  tributary  above  Danville  worth  mentioning  is  Sandy  river,  from  the  north,  lying  entirely  within 
Pittsylvania  county,  Virginia,  and  emptying  1  mile  above  Danville.  It  has  several  grist-  and  saw-mills,  with  two  or 
three  run  of  stones,  but  no  powers  of  importance.  There  is  said  to  be  a  fine  site  for  a  storage-reservoir  not  far  from 
the  mouth. 

Passing  by  several  small  creeks,  the  next  tributary  is  Smith's  river,  from  the  north,,  a  very  considerable  stream. 
Eising  in  the  Blue  Eidge,  in  the  northern  part  of  Patrick  county,  Virginia,  it  flows  first  nearly  east,  and,  after  forming 
for  a  few  miles  the  boundary  between  Patrick  and  Franklin  counties,  it  enters  Henry  county,  flows  through  it  in  a 
southeasterly  direction,  and  empties  into  the  Dan,  in  North  Carolina,  just  below  the  town  of  Leaksville.  The  distance 
from  its  source  to  its  mouth,  in  a  straight  line,  is  about  36  miles,  but  by  the  river  it  is  probably  at  least  twice  that 
distance.  The  stream  flows. near  to  Martinsville,  the  county  seat  of  Henry  county,  it  and  Leaksville  being  the 
only  towns  of  importance  on  the  river.  The  total  drainage  area  of  the  stream  is  about  600  square  miles,  of  which 
39  are  in  Xorth  Carolina.  The  drainage  area  above  Martinsville  is  330  square  miles.  l^Tot  having  visited  the  river 
in  person,  on  account  of  its  inaccessibility,  I  am  unable  to  describe  its  drainage  basin  very  much  in  detail.  From 
all  that  I  could  learn,  however,  it  is  well  wooded,  with  a  fertile  soil,  and  abundance  of  fine  building-stone  to  be  had 
in  many  places,  and  with  facilities  for  artificial  storage,  although  there  are  no  lakes.  The  stream  has  a  very  rapid 
fall,  a  rock  bottom  almost  everywhere,  banks  of  moderate  height,  and  few  low  grounds  subject  to  overflow,  although 
it  is  subject  to  freshets,  during  which  the  water  rises  20  feet  in  places.  It  is  fed  to  a  considerable  extent  by  constant 
springs,  and  is  said  not  to  be  very  variable  in  flow  j  and  the  extensive  forests  are  a  favorable  feature  in  this  respect. 

The  data  regarding  rainfall  in  the  basin  are  very  incomplete,  but,  according  to  the  Smithsonian  charts,  it  may 
be  assumed  at  about  44  to  48  inches,  of  which  12  fall  in  spring,  12  in  summer,  10  in  autumn,  and  12  in  winter.  I 
have  no  records  of  continued  gaugings  of  the  stream,  or  of  its  elevations  at  different  points. 

The  stream  is  at  present  not  very  accessible,  the  nearest  railroad  point  being  Eeidsville,  on  the  Eichmond  and 
Danville  railroad,  14  miles  from  the  mouth  of  the  river.  I  have,  however,  already  referred  to  the  fact  that  two  roads 
are  now  being  built,  both  traversing  the  valley  of  the  Dan,  which  will  render  the  lower  part  of  the  stream  quite 
accessible. 

The  upper  parts  of  the  river  are  most  accessible  from  Eocky  Mount,  the  county  seat  of  Franklin  county,  which 
is  connected  with  the  Virginia  Midland  railroad  by  a  branch  road. 

Only  a  small  fraction  of  the  available  power  on  Smith's  river  is  at  present  used,  and  with  the  exception  of  the 
■cotton  and  woolen  factory  of  J.  T.  Morehead  &  Co.,  near  Leaksville,  the  only  mills  are  country  saw-  and  gristmills. 
The  Leaksville  power  is  the  only  one  regarding  which  I  have  detailed  information,  and  regarding  the  others  I  must 
refer  to  the  table  on  page  48,  compiled  from  the  reports  of  the  enumerators. 

Major  Morehead's  factory  is  located  abdut'l  mile  from  the  mouth  of  the  stream,  and  on  its  west  bank.  The 
dam  extends  in  a  broken  line  entirely  across  the  river,  which  is  here  about  500  or  600  feet  wide,  and  is  built  partly 
of  rubble-work  in  cement  and  partly  of  wood.  The  stone  part  is  about  180  feet  long,  13  feet  high,  6J  feet  thick,  and 
was  buUt  in  1872  at  a  cost  of  $4,000,  while  the  wooden  part  is  built  of  logs,  pinned  to  the  bottom,  and  about  3  feet 
high.  By  extending  the  rock  dam  across  the  river  all  the  water  in  the  stream  could  be  turned  into  the  canal.  The 
pond  is  very  small,  and  gives  no  storage.  A  race  four- fifths  of  a  mile  in  length  leads  to  the  factory  buildings, 
where  a  fall  of  36  feet  is  used,  and  about  300  horse-power  is  distributed  as  follows  among  the  different  mills :  Cotton 
factory,  175;  woolen  factory,  50;  grist-mill,  50;  saw-mill,  25.  All  these  mills  can  run  at  full  capacity  all  the  time, 
and  water  is  always  wasting  over  the  dam.  The  mills  are  run  night  and  day,  and  are  seldom  troubled  by  high 
water,  and  only  about  4  days  per  year  by  cold  weather.  It  is  said  that,  by  extending  the  race,  an  additional  fall  of 
about  9  feet  can  be  obtained,  making  45  feet  in  all,  in  a  distance  of  about  a  mile. 

The  river  has  been  gauged  here  by  H.  Eaton  Coleman,  civil  engineer,  and  county  surveyor  of  Pittsylvania 
county,  Virginia,  who  found  the  discharge  to  be  600  cubic  feet  per  second  "at  mean  low  water".  But  as  a  single 
measurement  of  the  flow  has  little  value,  I  have  made  some  estimates  from  the  drainage  area,  and  the  results  are 

given  in  the  following  table : 
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Table  of  power  on  SmiWs  river  at  Lealcsville^  N.  0. 


state  of  flow  (see  pages  18  to  21). 


Mmimum 

Minimiim  low  season  . . 
Low  season,  dry  years. . 
Maximum,  with  storage 


Drainage 
area. 


Sq.iiiiles. 


Flow  per 
second. 


Horac-powcr  available,  gross. 

1  foot  fall. 

36/eetfaU. 

45/eet/all. 

10.3 

371 

465 

15 

640 

675 

17 

612 

765 

(iO 

2, 160 

2,700 

Horse-power 
utilized,  net. 


Per  cent,  of 
minimum 
utilized. 


The  results  in  this  table  will  be  surprising  to  some  who  are  prone  to  overestimate  power.  A  discharge  of  600- 
cubic  feet  per  second  at  low  water  would  correspond  to  1  cubic  foot  per  square  mile  of  drainage  area,  or  over  1  inch 
of  rainfall  per  month,  and  for  a  dry  month.  An  examination  of  the  table  on  page  21  will  show  that  this  cannot  be 
so  unless  there  are  some  remarkable  springs  in  the  drainage-basin ;  and,  in  fact,  it  is  sufficient  to  refer  to  the  gauging- 
of  the  Dan  by  the  United  States  engineers,  made  at  a  point  near  South  Boston,  above  which  the  drainage  area  is 
about  2,600  square  miles,  and  which  gave  990  cubic  feet  per  second  "at  low  water",  but  probably  not  the  minimum- 
Even  this  would  give  per  600  square  miles  of  drainage  area,  if  the  discharge  is  taken  proportional  to  the  drainage 
area,  only  229  cubic  feet  per  second,  and  the  absolute  minimum  would  be  considerably  less.  The  flow  in  the  dry 
season  of  ordiuaiy  years  would,  perhaps,  be  190  cubic  feet  per  second,  giving  about  775  horse-power,  with  a  fall  of 
36  feet.  Jly  estimate  gives  100  per  cent,  of  the  minimum  power  used,  but  Major  Morehead  states  that  they  "  can't 
miss  the  water  u&ed  by  the  mills".  It  is  not  impossible  that  the  power  utilized  has  been  overestimated,  which 
would  tend  to  explain  this  result.  The  cotton  factory  runs  101  looms  and  about  4,800  spindles.  The  goods 
manufactured  are  brown  sheetings,  yarns,  sewing-thread,  and  knitting-cotton.  In  the  woolen-mill  there  is  one  set 
of  cards,  and  in  the  grist-mill  i  run  of  stones.  According  to  these  data,  without  further  particulars,  300  horsepower 
would  seem  to  be  too  high  an  estimate  of  the  power  utilized.  It  is  evident,  however,  that  this  power  is  a  most 
excellent  one  in  all  respects— one  of  the  finest  in  northwestern  North-  Carolina.  Keidsville  is  Major  Morehead's- 
shipping  point. 

About  2,000  feet  above  Major  Morehead's  dam  is  a  fall  of  about  C  feet  in  50,  not  used,  but  easily  controlled.* 
It  might  be  used  at  the  factory  below  by  raising  the  dam. 

The  power  above  this  point  is  used  only  by  saw-  and  grist-mills,  in  regard  to  which  I  have  no  detailed  information. 
Enough  was  learned,  however,  to  show  that  the  river  offers  fine  sites  for  power  all  the  way  up,  the  principal 
disadvantage  being  their  inaccessibility.     The  river  has  no  tributaries  of  much  importance. 

The  town  of  Leaksville  has  a  considerable  trade  in  tobacco,  which  is  the  great  staple  of  the  county ;  but  wheat 
and  corn  are  also  grown  in  considerable  quantities  on  the  fertile  bottoms  of  the  Dan,  Smith,  and  Mayo  rivers. 

Above  Smith's  river  are  several  unimportant  tributaries  to  the  Dan,  on  some  of  which  are  small  mills.  They 
are  similar  in  character  to  the  other  tributaries  below  Smith's  river.  On  Cascade  creek,  a  small  stream  entering 
from  the  north  below  Smith's  river.  Dr.  J.  G.  Brodneax  has  a  small  saw-  and  grist-mill,  and  a  very  good  small  power^ 
with  a  fall  of  15  or  16  feet.  Timber  is  very  cheap  in  this  vicinity,  and  wooden  dams  can  be  erected  at  very  small  cost. 
The  next  large  tributary  above  Smith's  river  is  Mayo  river,  from  the  north,  a  stream  which,  like  Smith's  river, 
takes  its  rise  on  the  eastern  slope  of  the  Blue  Eidge,  in  the  western  part  of  Patrick  county,  Virginia,  and  which,^ 
after  flowing  in  a  general  southeasterly  direction  through  Patrick  county  and  a  corner  of  Henry  county,  Virginia, 
and  Eockingham  county,  North  Carolina,  joins  the  Dan  a  little  below  Madison,  and  just  above  Eoberson's  fish-trap 
shoal.  Its  length,  in  a  straight  line,  is  about  55  miles,  and  along  the  general  course  of  the  stream  about  60  miles,  but 
probably  considerably  more  if  all  of  its  windings  are  followed.  The  only  town  on  the  stream  is  Taylorsville,  the  county 
seat  of  Patrick  county.  Its  total  drainage  area  is  about  310  square  mile.s,  of  which  60  square  miles  are  above 
Taylorsville,  and  its  principal  tributary  is  the  North  Mayo,  from  the  north,  draining  about  90  square  miles.  Its 
drainage-basin  is,  in  all  respects,  similar  to  Ihat  of  Smith's  river.  The  fall  of  the  stream  is  considerable,  but  it  is  said 
to  be  more  uniform  than  that  of  either  the  Dan  or  Smith's  river,  and  with  not  so  many  rapids  and  falls.  The  bed 
is  rock  almost  everywhere,  the  banks  high,  and  not  many  low  grounds  subject  to  overflow.  In  the  absence  of 
gaugings  I  have  estimated  the  flow  and  the  power  of  the  stream  at  its  mouth  as  in  the  folloAs^ing  table: 

•Flow  and  power  of^layo  river  at  its  mouth. 


state  of  flo-w  (see  pages  18  to  21). 


Minimum 

Minimum  low  season ... 
Low  season,  dry  years . . 
Maximum,  witli  storage 


Drainage 
area. 


Flow  per 
second. 


Horse  -  power 
aTailable,  gross. 


'  Information  from  Major  Moreliead. 


1  foot  fall. 

4.  T 

6.5 

7.4 

31.6 
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The  power  on  the  stream  is  used  only  for  small  grist-  and  saw-mills,  but  there  are  many  sites  not  in  use.  The 
first  ascending  the  river,  is  about  1  mile  from  Madison,  and  the  same  distance  from  the  mouth  of  the  stream,  used 
until  recently  for  a  corn-  and  saw -mill.  The  dam  is  a  natural  ledge,  and  the  total  fall  of  the  shoal  is  said  to  be  32  feet. 
This  site  has  not  been  used  for  ten  years,  but  is  said  to  be  one  of  the  best  in  the  vicinity,  with  safe  location  for  mills 
and  little  trouble  with  high  water  or  overflow.    It  is  owned  by  Mr.  Eobert  Lewis. 

About  2  mOes  further  up  the  stream  is  a  flour -mill,  and  above  there  are  other  small  ones.  There  is  very  little 
bottom-land  on  the  river  for  some  six  miles  from  its  mouth,  and  the  fall  in  that  distance  is  very  considerable,  ledges  of 
rock  crossing  the  stream  all  the  way.  Above  this,  however,  the  stream  is  flat  for  15  or  20  miles,,  and  the  facilities  for 
power  are  not  so  good. 

Above  the  Mayo  there  are  several  small  creeks  flowing  into  the  Dan,  some  of  which  have  power  used,  and  all  of 
which  have  considerable  available.  They  are  good  streams  for  power,  and,  so  far  as  I  can  learn,  are  not  subject  to 
such  great  variations  in  flow  as  those  farther  east.  The  powers  they  afford  are  small,  but  suffilcieut  to  run  small  grist- 
and  saw jnills— sufficient  for  the  needs  of  the  people.  Being  easily  dammed,  and  having  considerable  fall,  they  are 
preferred  to  the  Dan  river  for  small  powers.  The  most  important  tributary  above  the  Mayo  is  Town  fork,-which  joins, 
the  Dan  just  above  Shoe-Buckle  island  shoal ;  but  regarding  it  or  the  other  tributaries  above  I  have  no  detailed, 
information. 

All  of  these  tributary  creeks,  as  well  as  the  Dan  river  itself,  are  subject  to  sudden  and  quite  heavy  freshets, 
but  they  have  so  much  fall  that,  in  general,  not  much  damage  is  done,  although  on  the  Dan,  eveu^above  Danville,, 
there  are  many  bottoms  which  are  overflowed  at  times.  The  freshets  are,  in  general,  short,  lasting  usually,  it  is 
said,  only  four  or  five  days. 

Finally,  it  may  be  said  of  all  the  valley  of  the  Dan,  and  particularly  of  the  upper  part,  that  the  climate  is 
exceedingly  salubrious  (much  more  so  than  in  the  valley  of  the  Eoanoke,  especially  its  lower  part),  the  soil  fertile, 
and  the  people  industrious  and  hospitable.  The  advantages  for  manufacturing  are,  in  every  respect,  excellent,- 
except  as  regards  accessibility,  and  it  is  to  be  hoped  that  the  two  railroads  which  are  now  projected  up  the  valley 
may  soon  remove  that  objection. 

THE  STAUNTON  RIVBE. 

This  stream  rises  in  Montgomery  and  Floyd  counties,  Virginia j  flows  first  northeast  into  Eoanoke;  thence 
southeast,  forming  the  boundary  between  Bedford,  Campbell,  and  Charlotte  on  its  left,  and  Franklin,  Pittsylvania, 
and  Halifax  on  its  right,  uniting  with  the  Dan  in  Mecklenburg  to  form  the  Eoanoke.  Its  length,  in  a  straight  line, 
is  about  110  miles,  and  by  the  general  course  of  the  river  perhaps  200,  and  still  more  if  all  its  windings  are  followed. 
There  are  no  large  towns  on  the  stream.  The  river  is  known  as  the  Eoanoke  in  the  upper  part  of  its  course,  in 
Montgomery  and  Eoanoke  counties. 

The  river  and  harbor  bill  of  June  18,  1878,  authorized  a  survey  of  the  river  between  Brook  Neal  and  Eoanoke 
station,  on  the  Eichmond  and  Danville  railroad,  which  was  executed  by  Mr.  S.  T.  Abert,  whose  reports  are  to  be 
found  in  the  reports  of  the  Chief  of  Engineers,  1879,  p.  622,  and  1880,  p.  780.  By  the  act  of  March  3, 1879,  the  sum: 
of  $5,000  was  appropriated  for  the  work  of  improving  the  navigation  of  the  river  between  these  points,  and  by  that 
of  June  14, 1880,  $7,500.  The  present  project  contemplates  the  securing  of  a  navigable  channel  not  less  than  35  feet 
wide  and  2  feet  deep  through  the  ledges  and  sand-bars,  and  a  slope  of  water-surface  at  the  rapids  not  greater  than 
10  feet  to  the  mile,  the  cost  being  estimated  at  $57,670.  These  are  the  only  works  of  navigation  projected  on  the 
river.    The  stream  is  now  navigable  to  Cole's  ferry,  a  distance  of  45|  miles,  the  depth  being  IJ  feet  at  low  water. 

The  Staunton  river  drains  a  total  area  of  about  3,450  square  miles.  Proceeding  up  the  river,  its  principal 
tributaries  from  the  north  are,  in  their  order,  Bluestone  creek.  Ward's  fork,  Falling  river.  Otter  river.  Goose  creek, 
and  from  the  south,  in  the  same  order.  Pig  and  Blackwater  rivers. 

The  drainage-basin  of  the  Staunton  resembles  that  of  the  Dan  so  closely  that  a  detailed  description  will  not  be 
necessary.  The  map  annexed  will  show  its  general  form  and  dimensions.  As  regards  the  bed  and  banks  of  the 
stream,  the  freshets,  the  facilities  for  storage,  the  soils,  vegetation,  people,  and  products,  all  the  general  remarks 
which  were  made  in  the  case  of  the  Dan  will  apply  also  to  the  Staunton.  The  river  takes  its  source,  however, 
considerably  higher  in  the  mountains  than  the  Dan,  its  source  being  west  of  the  Blue  Eidge,  through  a  gap  in  which 
it  passes  at  the  northern  edge  of  Franklin  county.  One  of  the  effects  of  this  will  be,'perhaps,  to  repder  the  flow  of 
the  stream  more  variable  than  that  of  the  Dan,  and  from  what  I  can  learn  its  freshets  Seem  to  be  rather  more 
violent,  the  river  rising  between  30  and  40  feet  above  low  water  between  Brook  Neal  and  Eoanoke  station.  But 
another  effect  of  the  position  of  the  sources  of  the  river  beyond  the  Blue  Eidge  will  be  that  the  amount  and 
distribution  of  the  rainfall  on  its  upper  part  will  be  different  from  what  they  are  in  the  basin  of  the  Dan ;  and 
although  I  am  unable  to  state  with  accuracy  to  what  extent  or  just  in  what  way,  it  seems  probable,  from  the 
Smithsonian  charts,  that  the  amount  of  rainfall  will  be  rather  less  in  the  case  of  the  Staunton,  while  its  distribution 
through  the.  year  will  be  a  little  more  uniform— less  rain  falling  in  winter  on  the  upper  Staunton  than  on  the 
upper  Dan.  It  does  not  seem  improbable  that  the  resultant  effect  of  these  changes  will  be  to  render  the  flow  of  the 
Staunton,  as  a  whole,  smaller  in  proportion  to  its  drainage  area  than  that  of  the  Dan,  while  the  freshets  of  the 
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former  may,  perhaps,  be  more  violent.    As  a  wliole,  however,  the  mean  annual  rainfall  on  the  basin  of  the  Staunton 
may  be  taken  at  42-44  inches,  of  which  12  faU  in  spring,  10  or  12  in  summer,  10  in  autumn,  and  10  in  winter. 
The  following  table  will  show  the  declivity  of  the  river : 

Staunton  river — Table  of  declivity. 


"Place. 


Clarksville,  mouth  of  river 

Hoanolse  station,  croasijig  of  Kicbmond  aud  Danvillo  ruilroad 

Brook  3S*eal,  end  of  United  States  survey 

Crossing  of  Virginia  Midland  railroad 

Crossing  of  Atlantic,  Mississippi  and  Ohio  railroad,  6  miles  west  of  Salem  . . 
Crossing  of  Atlantic,  Mississippi  and  Ohio  ruUroad,  1  mile  west  of  Big  Spriu] 


Distance  from 
Clarksville. 


Miles. 


0 

22 
54 
84 
174 
186 


Elevation 
above  tide. 


Feet. 

269 
365 
355 
500 
1,070 
1,245 


Distance    be- 
tween points. 


Miles. 


FaU  between 
points. 


Feel. 


36 

50 
145 

570 
175 


Fall  between 
points. 


Feet  per  •mile. 
1.64 
1.66 
4.83 
6.33 
14.58 


The  elevations  given  were  furnished  by  railroad  officials,  with  the  exception  of  those  of  Clarksville  and  Brook 
Neal,  which  are  calculated  from  government  reports.  The  distances  were  measured  on  the  map,  following  the 
windings  of  the  rivers  as  nearly  as  possible,  and  they  are  believed  to  be  very  nearly  accurate. 

In  the  twenty-second  report  of  the  board  of  public  works  of  Virginia  is  a  report  on  a  survey  of  the  Staunton 
river  by  J.  J.  Gouty.  It  is  there  stated  that  the  fall  from  the  Dan  river,  at  the  head  of  Nelson's  island — probably 
at  Skipwith's  thoroughfare — to  Brook  Neal  is  SI. 8.3  feet  in  a  distance  of  nearly  49  miles,  which  agrees  quite  well 
with  the  figures  given  above. 

Mr.  Abert  states  that,  according  to  an  old  survey,  the  fall  from  Smith's  gap,  where  the  river  breaks  through 
the  Blue  Eidge,  to  Clarksville— a  distance'of  112  miles — is  322.61  feet,  or,  on  the  average,  2.88  feet  per  mile. 

No  records  of  gaugings  being  at  hand,  I  am  again  obliged  to  resort  to  estimates  of  flow  and  power  based  on 
the  drainage  areas. 

The  river  is  crossed  by  four  railroads  :  by  the  Eichmond  and  Danville  road  at  Eoanoke  station,  about  22  miles 
above  Clarksville  (by  the  river);  by  the  Virginia  Midland  road  at  a  point  between  Ward's  bridge  and  LeesviUe, 
about  84  miles  above  Clarksville;  and  by  the  Atlantic,  Mississippi  and  Ohio  road  at  a  point  a  little  west  of  Salem, 
and  about  174  miles  above  Clarksville ;  and  further  on  again,  at  a  point  some  186  miles  above  the  same  place ;  but 
as  the  two  first-named  roads  cross  the  stream  nearly  at  right  angles,  all  that  portion  of  the  river  lying  east  of  the 
Blue  Eidge  is  very  inaccessible,  as  will  be  seen  from  the  map,  except  that  portion  for  a  short  distance  above  the 
crossing  of  the  Virginia  Midland  road,  which  is  accessible  from  the  branch  of  that  road  extending  to  Eocky  Mount, 
Franklin  county.  That  portion  which  lies  west  of  the  Blue  Eidge  is  easy  of  access  from  stations  on  the  Atlantic, 
Mississippi  and  Ohio  railroad,  which  follows  the  valley  of  the  stream  for  some  distance. 

I  found  it  difficult  to  obtain  much  information  regarding  the  water-power  of  the  stream.  The  country  is  thinly 
settled,  and  the  people  have  paid  very  little  attention  to  the  subject  of  water-power,  there  being  only  small  grist- 
and  saw-mUls,  with  a  foundry  or  two,  in  the  whole  valley  of  the  Staunton.  The  power  at  present  utilized 
is  tabulated  below  from  the  returns  of  the  enumerators,  but  regarding  the  available  power  I  cannof  present  any 
definite  figures.  There  is  no  doubt,  however,  that  the  Staunton  and  its  tributaries  offer  many  valuable  sites  for 
power,  some  of  which  could  be  rendered  available  at  a  very  small  cost.  The  following  brief  notes  comprise  all  the 
information  that  I  was  able  to  collect  with  the  limited  time  at  my  disposal. 

Below  Eoanoke  station,  although  there  are  some  rapids,  very  little  power  ever  has  been  used,  and  only  for 
primitive  grist-  and  saw-mills,  the  former  running  two  or  three  sets  of  stones.  The  principal  fall  occurs  at  Tally's 
falls  but  regarding  it  I  have  no  particulars.  The  average  width  of  the  river  in  this  section  of  its  course  is 
about  450  feet,  but  at  Tally's  falls  it  is  wider,  and  the  channel  is  broken  up  with  rocks  and  islands. 

Between  Eoanoke  station  and  Brook  Neal  the  river  is  navigated  by  bateaux,  and  by  a  small  steamer  drawing 
14  inches  when  loaded,  which  is,  however,  unable  to  navigate  the  stream  at  low  stages  of  the  water.  The  land  in 
this  vicinity  is  very  fertile,  and  is  believed  to  be  the  best  tobacco  land  in  the  state  of  Virginia.  The  width  of  the 
river  in  thi"s  section  varies  from  260  to  300  feet,  and  the  banks  are  12  to  22  feet  high.  In  November,  1877,  a  flood 
occurred,  which  was  the  highest  known  in  this  vicinity,  the  rise  being  36.33  feet  above  low-water  at  Eoanoke 
station  and  43  feet  at  one  other  point  (Cole's  ferry);  but  the  banks  being  protected  by  a  contmuous  fringe  of 
wiUows,  whose  fibrous  roots  hold  the  soil  together  very  effectively,  are  not  much  affected  by  the  current,  even  in 

such  heavy  freshets.  >  .  .^,,     ^  ,       „ 

The  principal  shodls  between  Eoanoke  station  and  Brook  Neal  are  given  m  the  following  table,  taken  from 
Mr.  Abert's  report.  Whether  these  shoals  are  practically  available  for  power  I  cannot  say,  but  it  is  evident  that 
none  of  the  shoals  present  remarkable  powers,  like  some  of  those  on  the  Dan. 

Above  Brook  Neal  there  are  several  shoals  with  considerable  faU,  mention  having  been  made  of  Seven  Islands 
shoal  just  above  Brook  Neal,  Eowark's  falls,  and  Dudley's  falls.  There  are  also  several  small  grist-mills  on  the 
stream,  aU  having  rough  wing-dams.  There  is  said  to  be  not  a  single  dam  entirely  across  the  stream,  except  perhaps 
up  in  the  mountains.  ^^^ 
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The  estimates  of  power  given  in  the  latter  part  of  the  table  are  entitled  to  little  reliance,  and  are  only  inserted 

to  give  a  rough  idea  of  the  available  power  of  the  river  as  compared  with  that  of  the  Dan.    If  these  estimates  are 

much  out  of  the  way,  they  are  wrong  for  both  rivers  probably,  because  similar  suppositions  have  been  made  in 

both  cases. 

Staunton  river — Summary  of  j^ower. 


Locality. 


Clark's  shoal 

Watkins'  reef. . . .- 

Horseback  alioal 

Hawk  Mountain  shoal 

Cove  shoal  No.  3 - 

Cove  Bhoal  No.  2 

Cove  shoal  No.  1 

Britton's  shoal 

Dennis'  dam 

Rice's  shoal 

Michael's  dam 

Brace's  shoal 1 

Kirkpatrick's  shoal 

Honry's  shoal 

Miller's  shoal 

White  Hock  falls 

Between  mouth 

and  month  of  Fallin g  river 

Between  mouth  of  Falling  river 

and  mouth  of  Otter  river 

Between  mouth  of  Otter  river 

and  mouth  of  Goose  river 

Between  mouth  of  Goose  river 

and  mouth  of  Pig  river 

Between  mouth  of  Pig  river 

and  mouth  of  Blackwater  river 

Between  mouth  of  Blackwater  river 

and  railroad  crossing  near  Salem 

Total  between  mouth  and  Salem \ 


Miles. 
25.93 
27.39 
28.26 
32.77 
34.00 
34.70 
35.67 
38.84 
41.25 
41.93 
43.43 
43,86 
45.86 
49.79 
51.23 
51.91 
0 

64 
54 
80 
80 
91 
91 

102 

102 

113 

113 

174 
0 

174 


Sq.  ms. 


3, 450  1 
2, 722  5 
2,  509  1 
2,  257  > 
1,  892  } 
1,  836  5 
1,  656  ) 
1,  500  5 
l,e88> 
1, 043  3 
730) 
250  ±3 
3, 460  } 
250  ±  J 


Baisfall. 


12 


12 


I 


In. 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 
10-12 
10-12 
10-12 
10-12 
10-12 
10-12 


In. 

42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 

42-44 
42-44 
42-44 
42-44 
42-44 
42-44 
42-44 


Total  fall. 


0.891 
0,694 
6.426 
3.774 
0.707 
0.247 
0.981 
1.411 
0.979 
1.391 
0.500 
2.945 
2.733 
2.403 
0.996 
3.090 

86.00 
125.  0± 
60.  0± 
70.  0± 
70.  0± 
386.  0± 
800.  0± 


ft 


Feet. 

1,640 

650 

18,890 

3,450 

2, 190' 

1,920 

2,420 

1,780 

890 

1,370 

185 

10,  970 

7,510 

4,425 

785 

1,075 

MUes. 

54 

26 

11 

11 

11 

61 

174 


Horse-power  available,  gross.* 


5,400 
6,100 
2,275 
2,000 
1,250 
3,000 
20, 025 


6,600 
7,600 
2,775 
2,600 
1,675 
4,200 
25, 360 


24,000 
28,  500 
10,500 
10,  500 
7,350 
19,  000 
99,860 


7,500 
8,600 
3, 175 
2,975 
1,900 
4,800 
28,960- 


''  See  pages  18  to  21. 


TKIBUTAKIES  OP  THE   STAUNTON  EIVBE. 

The  first  tributary  met  with  in  ascending  the  river  is  Bluestone  creek,  entering  from  the  north  in  Mecklenburg 
county,  about  3  miles  above  Clarksville,  its  sources  being  in  Charlotte  county,  and  its  general  course  nearly  south. 
Its  length  is  about  17  miles,  and  its  drainage  area  about  85  square  miles.  Details  regarding  its  water-power  could 
not  be  obtained. 

The  next  stream  worth  mentioning  is  Ward's  fork,  also  from  the  north,  and  draining  an  area  of  191  square 
miles,  entirely  in  Charlotte  county.  It.s  course  is  nearly  south,  and  its  length,  in  a  straight  line,  about  20  miles.  This 
stieam  is  sometimes  known  a.s  the  Little  Eoanoke.  Eegardiug  its  available  power  I  have  no  data.  That  which  is 
used  is  tabulated  beyond.  The  elevation  of  the  stream  at  the  crossing  of  the  Eichmond  and  Danville  railroad,, 
some  4  miles  from  its  mouth,  is  322  feet. 

Falling  river,  the  next  tributary  worth  naming,  enters  the  liver  about  2  miles  below  Brook  Is'eal,  from  the 
north.  Its  length  is  about  25  miles  along  its  general  course,  and  it  drains  an  area  of  about  213  square  miles  in. 
Campbell  and  Appomattox  counties.  It  has  considerable  fall,  and  is  said  to  be  a  good  stream  for  power,  running 
several  saw-  and  grist-mills  and  a  foundry,  all  herein  tabulated.  Details  of  its  available  power  could  not  be 
obtained  with  the  time  at  disposal.  In  fact,  examinations  of  all  these  streams  would  be  necessary  if  any  accurate 
conception  of  their  value  for  power  is  to  be  formed.  The  information  given  by  most  pers»ns  with  whom  I 
orresponded  in  this  section  of  the  country -was  very  general,  being  mostly  confined  to  statements  that  the 
streams  had  "a  rapid  fall",  "plenty  of  sites  for  manufacturing  establishments",  and  the  like. 

Otter  river  is  the  next  considerable  tributary,  being  larger  than  any  thus  far  mentioned.  It  rises  near  the 
Peaks  of  Otter,  in  the  Blue  Eidge,  in  the  northwestern  part  of  Bedford  county,  whence  it  pursues  a  general  course 
nearly  southeast  through  Bedford  and  Campbell  counties,  entering  the  Staunton  in  the  latter  county,  about  4  miles 
704 
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below  the  crossiug  of  the  Virginia  Midland  railroad.  Although  there  arc  very  few  mills  on  the  stream,  as  will  be 
seen  by  turning  to  the  table,  it  is  said  to  be  an  excellent  stream  for  power,  and  it  must  certainly  have  a  very  large 
fall,  descending,  as  it  does,  from  the  Blue  liidge.  Its  length  is  about  35  miles,  following  its  general  course,  and 
it  drains  an  area  of  3Co  square  miles.  Its  water  power  must  be  very  considerable,  and  I  think  there  is  no  doubt 
that  fine  sites  may  be  found  along  it  at  many  points,  although  I  heard  of  no  particular  ones. 

The  next  tributary,  the  Goose  river,  enters  the  Staunton  fi'om  the  north  at  Leesville,  about  7  miles,  by  the  stream, 
above  the  crossing  of  the  Virginia  Midland  railroad.  It  rises,  like  the  Otter  river,  on  the  eastern  slope  of  the  Blue 
Eidge,  and  flows  during  its  whole  course  nearly  parallel  to  the  latter  stream,  which  it  much  resembles  in  general 
character.  Its  length  is  about  the  same,  but  its  drainage  area  smaller,  viz,  280  square  miles.  Like  the  Otter,  its 
•water-power  is  utilized  only  for  a  few  small  grist-  and  saw-mills,  although  its  available  power  must  be  considerable. 
Pig  river,  from  the  south,  is  the  next  important  tributary,  being  in  fact  the  largest  tributary  of  the  Staunton. 
It  rises  in  the  Blue  Eidge  near  the  southwestern  corner  of  Franklin,  pursues  a  course  nearly  east  through  that 
county  and  into  Pittsylvania,  where  it  makes  a  bend  to  the  north  and  enters  the  Staunton  about  11  miles,  by  the 
river,  above  Leesville,  its  total  length,  following  its  general  course,  being  about  45  or  50  miles,  and  its  drainage  area 
about  413  square  miles.  It  receives  as  tributaiies  several  large  creeks,  all  of  which  are  said  to  afford  good  power. 
The  Pig  river  is  a  rapid  stream,  and  probably  affords  many  sites  for  power— in  fact,  there  seems  no  doubt  that  it 
does— but  it  is  scarcely  used  at  all,  as  the  table  of  statistics  shows. 

The  last  tributary  of  the  Staunton  worth  mentioning  specially  is  Blackwater  river,  which  rises  in  the  western 
part  of  Franklin  county,  pursues  a  course  nearly  parallel  to  that  of  Pig  river,  and  joins  the  Staunton  about  a  mile 
a,bove  the  northeast  corner  of  Franklin  county.  Its  total  length,  following  its  general  course,  is  abo  ut  35  miles,  and 
its  drainage  area  313  square  miles.  It  is  fair  to  conclude  that  its  general  character  is  nearly  the  same  as  that  of 
Pig  river,  and  that  it  affords  a  very  large  amount  of  unutilized  power. 

The  information  which  I  am  able  to  present  regarding  these  tributaries  of  the  Stanntoh,  notwithstanding 
the  large  amounts  of  power  they  possess,  is  very  meager,  and  this  is  due  to  several  causes,  among  which  may  be 
mentioned  their  inaccessibility  in  general,  and  the  fact  that  so  little  power  is  used  on  them  that  it  is  difficult  to  find 
persons  well  acquainted  with  their  water-power.  It  is  also  due  in  great  measure  to  the  fact  that,  unlike  the  streams 
farther  south,  their  declivities  are,  on  the  whole,  quite  uniform,  with  few  jirecipitous  falls.  As  regards  their  general 
character,  their  banks  are  said  to  be  good  as  a  rule,  and  their  beds  are  graxel  and  sand,  with  rock  never  at  a  great 
de])th,  and  sometimes  at  the  surface.  Most  of  the  low  grounds  along  their  banks  are  subject  to  overflow  in  times 
of  freshet,  the  latter  bein^  sev(;re,  but  short.  This  region  is,  in  fact,  a  sort  of  a  transition  district  from  the  glacial 
region  of  the  north,  where  the  streams  flow  in  beds  of  gravel  and  sand,  cut  down  into  the  deposits  of  glacial  drift, 
and  with  uniform  declivities,  and  the  non-glacial  southern  region,  where  drift-deposits  do  not  occur,  except  in  the 
eastern  division,  and  where  the  streams  pour  often  over  ledges  of  rook  which  cross  their  course,  falling  often  20  to 
50  feet  in  a  few  hundred,  and  without  having  evened  out  their  beds  to  a  uniform  declivity  and  obliterated  these 
falls  by  filling  them  up  with  deposits  brought  down  from  above. 

While  the  streams  of  the  middle  states  have  comparatively  few  precipitous  falls,  those  of  the  southern  Atlantic 
states  have  many.  But  although  there  are  no  drift-deposits  in  the  middle  and  western  divisions  of  these  states, 
there  are  quite  extensive  deposits  of  gravel  and  sand  which  owe  their  origin  to  other  causes;  and  there  will  be 
occasion  to  show  that  many  of  the  southern  streams  are  gradually  filling  up  and  evening  out  their  beds  to  a  uniform 
declivity,  as  the  streams  of  the  middle  states  have  already  done. 

The  following  table  contains  some  estimates  of  the  flow  of  the  Staunton  and  its  tributaries,  not  entitled  to  much 
confidence,  but  serving  to  give  a  rough  idea  of  the  power  they  would  afford  (see  pages  18  to  21) : 


Staunton  river  and  tributaries — Table  of  estimated  flow  and  power. 


Kiver  and  place. 


Kainfall. 


Staunton,  at  moutli 

Staunton,  above  Bluestone 

Staunton,  above  Ward's  fork 

Staunton,  above  Falling  river 

Staunton,  above  Otter  river 

Staunton,  above  Goose  river 

Staunton,  above  Pig  river 

Staunton,  above  Blackwater  river. 

Blnestone  creek ■ 

1012  W  P— VOL  16 


Sq.miles. 
3,450 
3,365 
3,033 
2,509 
1,892 
1,  .950 

.  1, 088 
730 
191 

45 


^ 

a 

fc« 

a 

•9 

3 

u 

rjQ 

a 
< 

In. 

In. 

In. 

12 

10-12 

10 

12 

10-12 

10 

12 

10-12 

10 

12 

10-12 

10 

12 

10-12 

10 

12 

10-12 

10 

12 

10-12 

10 

12 

10-12 

10 

12 

10-12 

10 

la. 
10 
30 
10 
10 
10 
10 
10 
10 
10 


N 


In. 

42-44  j 

42^4 

42-44  I 

42^4 

42-44 

42-44 

42-44 

42-44 

42-44 


a 

9 


Cu.ft. 
655 
605 
510 
460 
321 
256 
163 
109 


Flow,  per  second. 


Cu.ft. 
759 
740 
607 
550 
397 
320 
218 
146 


as> 


a 


Cu.ft. 
2,760 
2,690 
2,425 
2,000 
1,600 
1,322 
957 
642 


ii 


Cu.ft. 
807 
845 
762 
630 
450 
373 
260 
167 


Ho^.'^e-power  available,  1  foot  fall,  gross. 


74.5 
68.8 
62.0 
51.1 
30.  5 
29.2 
18.5 
12.4 


a  o 

9  rt 


86.2 
84.1 
7.->.  8 
62  5 
45.1 
37.1 
24.8 
10.0 


as 


313.6 
306.  0 
273.0 
227.0 
182.  0 
150.0 
100.0 
73.0 


98.5 
90.0 
80.6 
71.6 
51. 1 
42.4 
28.4 
19.0 


7(J.j 
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Table  of  estimated  flow  and  power — Continued. 


Elver  and  place. 


Ward's  fork  (Little  Eoanoke) 

Falling  river 

Otter  liver 

Goose  river 

Pig  river 

Blaokwater  river 


Sq.  tnilen. 
85 
213 
365 
280 
413 
313 


Eainfall. 


CO 


In. 
12 
12 
12 
12 
12 
12 


a 

m 


In. 

10-12 

10-12 

10-12 

10-12 

10-12 

10-12 


< 


In. 
10 
10 
10 
10 
10 
10 


In. 
10 
10 
10 
10 
10 
10 


In. 

42-^4 

42-44 

42-44 

42-44 

42^4 

4244 


How,  per  second. 


Gu.ft. 


as 


Ou./t. 


K^ 
Sf 


Gu.ft. 


321 
246 


275 


11 

to   f*5 


Ou./t. 


Horse-power  available,  1  foot  faU,  gross. 


.9 


5.8 
4.5 
6.6 
5.0 


^ 


a§ 


8.3 
6.3 
9.3 
7.1 


R  H 


36.5 
28.0 
41.3 
31.3 


ED  ^ 


9.4 
7.2 

10.7 
8.1 


RoanoTce  river  and  tributaries — Table  of  power  utilized. 


S^ame  of  stream. 


Eoanoke  river . 


Tributaries  of . 


Dan  river. 


Hyco  river. , 


Bannister  river . 


Smith's  river.. 


Mayo  river 

Other  tributaries  of. , 
70G 


Tributary  to  what. 


Albemarle  sound  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Eoanoke  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do..., 
Dan  river.. 
Do  ... 
Do... 
Do.... 
Do.... 
Do... 
Do.-.. 
Do.... 
Do.... 
Do.... 
Do.... 
Do... 
Do.... 
Do  ... 
Do... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do..-. 


State. 


North  Carolina  . 

do 

, do 

do 

do 

do 

Virginia 

do 

North  Carolina  . 

, do 

do 

do 

do 

....  do  

do 

do 

do 

do 

do. 

Virginia 

do 

do 

do 

do 

do 

do 


North  Carolina  . 

do 

do 

, do 

Virginia 

, do 

-...  do  

do 

do 

do 

North  Carolina  . 

do 

do 

do 

do 

Virginia  

do 

do 

North  Carolina . 

Virginia 

North  Carolina  . 
do 


County. 


Kind  of  mUL 


Saw 

Flour  and  grist  - 

--.do 

Saw 

Cotton-gin 

Foundry 

Flour  and  grist . 

Saw 

Flour  and  grist . 

..  do 

Saw 

..  do 


Bertie 

Northampton 

Halifax 

do 

do 

do 

Mecklenburg 

do 

"Washington 

Bertie 

do 

Martin 

..'.,  do -;  Flour  and  grist . 

Northampton [ do  . 

"Warren  

.-.-  do  

Granville 

do 

do 

Mecklenburg 

do... 

do 

Halifax 

Pittsylvania 

do 

, do 


Stokes 

Person 

, do  , 

Caswell 

Halifax 

, do 

Pittsylvania . 

Halifax 

do 

, do 

Eockingham . 

do 

do 

do    

do 

Henry 

do 

Patrick 

Eockingham. 

Patrick 

Granville 

do 


-.  do 

Saw 

Flour  and  grist 

Tobacco 

Saw 

.-  do 

Flour  and  grist 

Cotton-gin 

Flour  and  grist 

...do 

Saw  and  planing , 

Foundry  and  machine- 
shop. 

Flour  and  grist 

...do 

Saw 

Flour  and  grist 

...do  

Saw 

Flour  and  grist 

...do 

Saw 

Tobacco 

Cotton  factory 

"Woolen  factory 

Flour  and  grist 

Saw 

Millwrighting , 

Flour  and  grist 

Saw 

Flour  and  grist 

...do 

...do 

...do 

Saw 


Feet. 


16 

54 

18 

36 

18 

lli 

Hi 

18 

34i 

16 

19 

29 

29 
111 

54 
178J 

10 

59J 
110 
260 

31 

21 

25 
7 

17 

25 
26 
26 
41 
18 
8 
24 
35 
10 
10 
36 
36 
28  j 
12 
28! 
20  I 
46  I 

13  ; 

1 

20  ' 
15 
46 
S3 


si 


30 

76 
110 

10 

15 

15 

41 

41 

22 

67 

35 

42 

40 

32 
178 

82 

163 

8 

62 
171 
331 

16 

60 

65 

50 

70 

38 
34 
26 
44 
35 
20 
40 

148 
20 
18 

175  J 
50! 
60 
20 
35 
6C 
83 
20 
20 
16 
40 
30 
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Table  of  power  utilized — Oontiuued. 


Kame  of  stream. 


Other  tributaries  of. . 


Staunton . 


Little  Roanoke 

Falling  creek 

Otter  river 

Goose  river 

Pig  river 

Blackwater  river 

Other  tributaries  of. 


Tributary  to  what. 


Dan  river. 
Do.... 
Do..., 
Do... 
Do.... 


Do. 

Do. 

Do. 

Do. 

Do. 

Do., 

Do. 

Do 

Do. 

Do. 
Do. 
Do. 
Do. 
Do., 


Do  . 

Do.. 
Eoanoke. 

Do.. 

Do  - 

Do.. 

Do.. 

Do.. 

Do  . 

Do.. 

Do.. 

Do  . 

Do.. 

Do.. 
Staunton. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.., 

Do... 

Do-., 

Do.. 

Do.., 

Do.. 

Do.. 

Do.., 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Do  .. 

Do... 


State. 


North  Carolina  . 

do 

do 

do 

do 


do.. 

do.. 

do.. 

, do.. 

do.. 

Virginia . 

do.. 

do.. 

do.. 


-do. 
.do. 
-do. 
.do. 
.do. 


..do. 
..do. 
.-do. 
'■..do. 
..do. 
..do- 
--do- 
.:do- 
.-do- 
..do. 
..do. 
.-do. 
..do  - 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do. 
.do. 
.do. 
.do. 
do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
-do. 
.do., 
.do. 
.do., 
.do., 
.do.. 


County. 


Person . . 

do. 

Caswell . 

do. 

do. 


Eockiugham. 

do 

do 

Stokes 

do 

Halifax 

do 

do 

do 


Pittsylvania . 

do 

Henry 

do 

do 


do 

Patrick 

Halifax 

do 

Charlotte  — 

Campbell 

Bedford...'. .- 
do 

Pittsylvania  . 

Hoanoke 

do    

Montgomery. 

do 

do 

Charlotte 

do 

Campbell 

do 

Appomattox . 
do 

Bedford 

do 

do 

Campbell 

Bedford 

do 

Franklin  .... 

do 

do 

....  do 

Halifax , 

Charlotte 

, do 

Campbell 

, do 

Bedford 

do 

Pittsylvania . , 

, do 

Franklin 

do 

do 

Boanoke 

do 

do 

do 

Montgomery  . 


Kind  ot  mill. 


Saw 

Flonr  and  grist . 

...do  

Saw 


Agricultural 
ments. 

Flour  and  grist . 

Saw 

Blacksmithing. . 

Flour  iixid  grist . 

Saw 

Flour  and  grist . 

Saw    

Foundry 

Agi-icultural 
mcnts. 


imple. 


imple- 


Flour  and  grist . 

Saw 

Flour  and  grist . 
Saw 


Agricultural 
ments. 


imple- 


Leather  

Flour  and  grist . . 

....do 

Saw 

Flour  and  grist . . 

...do  

....do 

Saw 

...do  

,...do 

Flour  and  gi  ist . . 

...do 

Saw 

Furniture 

Flour  and  grist . . 

Saw 

Foundry  

Flour  and  grist . . 

....do  

Saw 

Flour  and  grist . . 

Saw 

Woolen 

Flour  and  grist . . 

...do 

Saw 

Flour  and  grist . . 

Saw 

Flour  and  grist   . 

Saw 

Flour  and  grist . . 

..  do 

Saw 

Flour  and  grist . . 

Saw 

Flour  and  grist .  - 

Saw 

Flour  and  grist . . 

Saw 

..  do 

Flour  and  grist . . 
Wheelwrighting. 
Flour  and  gdst  - . 

Saw 

Foundry 

Fertilizers 

Flour  and  grist . . 


Feet. 


H 


170 

8a 

32 

lOU, 

12U-I- 

10 

264 

965 

344 

243 

8 


307 

77 

331 

142 

17 


I 


199 
41 

105* 
26J 

229 

151 
18 
26 
80 

310 
15 

176 

100 
7 
22 
21 


65 
92 
216 
126 
30 

203 
H5 

6 
285 
130 
354 
194 

8 
24 

412 

70 

241 

121 

30 


0 

15 
6  i  12 
14  I  15 
10  j  25 
14i'  135 
18  ;  20 
3  j  7 
14  I  12 
10  I  16 
60 
45 
20 
G 
32 
IH 
20 
79 


25 
43 
35 


93 

32 

02 

25 

22 

20 

111 

223 

36 

238 

60 

253 

130 

12 

36 

50 

307 

4 

252 

105 

4 

15 

28 
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IIL— THE  TAR  RIVER  AND  TRIBUTARIES. 


THE  TAB  ElVEE. 


This  river  takes  its  rise  in  Person  and  Granville  counties,  North  Carolina,  flows  in  a  southeasterly  direction 
through  Franklin,  Nash,  Edgecombe,  and  Pitt  counties,  and  empties  into  the  Pamlico  river,  in  Beaufort,  near  the. 
town  of  Washington,  its  length,  in  a  straight  line,  being  about  120  miles,  and  by  the  river  perhaps  175.  The  principal 
towns  on  the  stream  are  Washington,  Greenville,  Tarboro',  Eocky  Mount,  and  Louisburg.  Tarboro',  53  miles  from 
Pamlico  river,  is  the  head  of  navigation,  and  it  is  hoped  to  secure  ultimately  a  channel  3  feet  in  depth  at  all  stages 
of  the  water  up  to  this  point,  but  at  present  this  depth  exists  only  during  nine  months  of  the  year.  The  obstructions 
to  navigation  consist  of  stumps,  snags,  fallen  trees,  and  artificial  obstructions  placed  there  during  the  war. 

The  river  drains  an  area  of  about  3,000  square  miles,  the  greater  part  of  which  lies  north  of  the  stream,  from 
which  side  the  principal  tributaries — Swift  and  Fishing  creeks — enter,  draining,  respectively,  340  and  760  square 
miles.  The  stream  crosses  the  fall-line  at  Eocky  Mount,  below  which  point  there  is  no  water-power.  The  general 
character  of  the  drainage-basin  resembles  that  of  the  Eoanoke.  The  leading  productions  are  tobacco,  corn,  and 
cotton,  most  of  the  cotton  being  raised  in  the  eastern  part,  and  most  of  the  tobacco  in  the  western.  There  are  no 
lakes  in  the  basin.  The  bed  of  the  stream  tibove  the  fall-line  is  rock  in  places,  but  generally  sand,  clay,  gravel,  or 
mud,  the  declivity  of  the  stream  being  quite  uniform.  Above  Eocky  Mount  the  bottoms  are  narrower  than  on  the 
Eoanoke,  and  the  banks  are  generally  high  enough  to  confine  the  river,  except  in  very  heavy  freshets.  Below  Eocky 
Mount  the  banks  are  often  overflowed,  the  river  rising  sometimes  25  feet  at  Tarboro'. 

The  average  annual  rainfall  on  the  basin  of  the  Tar  is  about  50  inches,  but  above  the  fall-line  it  is  less— about 


46  or  48  inches,  distributed  nearly  as  follows:  Spring,  12; 


summer,  14; 


autumn,  10;  winter,  11. 


The  fall  of  the  stream  below  Eocky  Mount  is  said  not  to  exceed  1  or  1^  feet  per  mile,  making  the  total  fall  below 
that  point  between  50  and  75  feet.  The  elevation  of  the  strea*  at  the  crossing  of  the  Ealeigh  and  Gaston  railroad  is 
188  feet,*  making  the  fall  between  that  point  and  the  head  of  the  fall  at  Eocky  Mount  about  2  feet  to  the  mile  or 
less,  the  distance  being  in  the  neighborhood  of  60  miles.    No  gaugings  of  the  stream  arc  on  record. 

Ascending  the  stream  the  water-powers  met  with  are  as  follows: 

Battle's  cotton  factory,  at  Eocky  Mount,  known  as  the  Eocky  Mount  mill,  is  situated  on  the  fall-line.  The 
dam  extends  entirely  across  the  river  in  a  broken  line,  part  being  artificial,  and  part  natural  rock.  The  artificial 
part  is  of  granite,  600  feet  long,  and  averaging  9.2  feet  in  height,  and  was  built  in  1854  at  a  cost  of  $10,000.  It  backs 
the  water  up  only  a  very  few  hundred  feet,  forming  no  pond  of  any  consequence.  The  bed  of  the  stream  is  solid 
rock  and  the  banks  moderately  high,  affording  safe  building-sites.  There  is  considerable  fall  in  the  stream  for  severg,! 
hundred  yards  above  the  dam,  which  could  probably  be  raised  some  four  feet  or  so  without  doing  any  damage,  and 
backing  the  water  up  to  the  head  of  a  slight  rift  called  Goodson's  falls  (half  a  mile  above  the  dam),  iibove  which  the 
river  is  sluggish  for  a  long  distance.  A  race  191  feet  long  leads  from  the  dam  to  the  cotton  factory,  where  a  head 
and  fall  of  16  feet  10  inches  is  used,  with  a  turbine-wheel  giving  155  horse-power.  No  steam-power  is  used,  the  water- 
power  being  ample,  and  there  being  an  excess  of  water  at  all  times,  except  in  very  low  stages  of  the  river.  In 
addition  to  the  cotton  factory  there  is  a  grist-  and  flour-mill  located  at  the  dam,  run  by  two  overshot  wheels,  with  14J 
feet  fall  and  about  40  horse-power;  also  a  saw-mill  run  by  a  turbine-wheel,  with  12  feet  fall  and  about  30  horse- 
power, and  a  second  turbine- wheel,  running  a  cotton-gin,  with  about  10  horse-power.  The  total  power  used  at  this 
place  is  therefore  about  235  horse-power.  It  is  said  that  the  first  cotton-mill  in  the  state  of  North  Carolina  was 
built  at  this  place  in  1817. 

The  drainage  area  above  this  place  is  about  768  square  miles,  and  the  mean  annual  rainfall  about  47  inches, 
already  stated.  No  gaugings  of  the  river  having  been  made,  I  have  been  obliged  to  estimate  the  flow  and  the  power 
with  the  results  given  in  the  following  table.     The  total  available  fall  may  be  taken  as  20  feet: 

Power  on  the  Tar  river  at  Roclcy  Mount. 


Character  of  flow,  (aeepagea  18  to  21.) 


Minimum 

Minimum  low  season  — 
Maximum,  "with  storage, 
tow  season,  dry  years. .  - 


Drainage 
area. 


Sq.  miles. 


Fall. 


Feet. 


T?low  per 
second. 


20 


Available  horse-power,  gross. 


1  foot/all. 
14.0 
17.0 
76.8 
19.2 


1^%  foot  fall. 

235 

280 

1,293 

323 


20  footfall. 

280 

340 

1,536 

384 


TTtilized. 


Horse- 
power, net. 


Pall. 


Feet. 
12-165 


Per  cent,  of 
minimum 
utilized. 


133 


'  For  the  elevations  on  the  Ealeigh  and  Gaston  railroad  and  the  Ealeigh  and  Augusta  iVir-Line  railroad  I  am  indebted  to  the  general 
manager,  Mr.  John  C.  Winder. 
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lu  very  low  stages  of  the  river  the  water  is  drawn  down  in  the  pond  below  the  crest  of  the  dam  sometimes  to 
the  extent  of  6  inches;  but  as  the  iwnd  is  very  small,  this  does  not  indicate  that  the  power  used  is  much  in  excess  of 
that  due  to  the  natural  flow,  but  only  that  the  latter  is  completely  utilized.  Neither  is  Mr.  Battle  troubled,  to  any 
great  extent,  by  freshets,  being  only  obliged  to  stop  at  most  a  few  days  in  the  year.  The  dam  was  partially  carried 
away  in  1875,  but  no  great  damage  was  done.    There  is  never  any  trouble  with  ice. 

The  estimates  gi\-eu  in  the  above  table  for  the  power  available,  with  storage,  although  it  inight  be  approximated 
to  in  the  case  of  the  Tar,  whose  drainage-basin  is,  in  the  upper  parts,  favorable  in  places  for  the  construction  of 
reservoirs,  according  to  Professor  Kerr,  yet  the  use  of  this  method  of  increasing  the  power  would  probably,  as  in 
the  case  of  the  Eoanoke,  be  found  expensive  and  impracticable,  on  account  of  the  necessity  of  overflowing  lands 
which  are  the  most  fertile  and  the  best  adapted  to  cultivation  in  the  whole  basin,  and  on  account  of  the  distance 
of  the  reservoir-sites  from  the  fall-line.  As  the  factory  is  almost  on  the  line  of  the  Wilmington  and  Weldon 
railroad,  the  facilities  for  transport  are  excellent.  Although  the  health  of  this  part  of  the  state  is  not  so  good  as 
that  of  the  western  part,  no  groat  difQculty  is  experienced  on  this  account. 

Above  Battle's  the  river  is  sluggish  for  some  distance,  after  which  the  fall  becomes  considerably  greater.  On 
the  upper  part  of  the  river  there  are  only  saw-  and  grist-mills,  and  there  are  no  sites  of  importance  not  used, 
although  on  the  upper  part  of  the  stream,  and  on  its  tributaries,  there  are  many  places  where  power  could  be 
obtained  by  damming. 

Between  Mr.  Battle's  and  Louisburg  there  are  two  small  grist-mills  and  gins ;  the  lower  one  a  small  mill  with 
8  feet  fall,  the  dam  being  1215  feet  long  and  6  feet  high,  built  of  wood,  at  a  cost  of  $600,  and  throwing  the  water 
back  U  miles;  and  the  upper  one,  that  of  Mr.  N.  E.  S'trickland,  a  saw-  and  grist-mill,  with  a  dam  of  wood  and  stone 
180  feet  long,  7  feet  high,  and  costing  $1,000,  and  backing  the  water  7  miles,  with  an  average  width  of  150  feet. 
At  this  mill  a  fall  of  7  feet  is  used,  and  about  50  horse-power,  net,  with  a  waste  of  water  aU  the  time,  except  in 
times  of  extreme  drought. 

At  Louisburg  Col.  J.  F.  ^Tones  has  a  saw-  and  grist-mill  using  8  feet  fall  and  running  full  capacity  all  the  time, 
with  Avater  wasting.  The  dam  is  of  rock,  260  feet  long  and  8  feet  high,  throwing  the  water  back  2  miles,  with  an 
average  width  of  150  feet ;  a  power  of  about  65  or  75  horse-power  is  said  to  be  used. 

Above  this  there  are  no  mills  of  importance.  It  will  be  seen  that  the  water-power  of  the  Tar  river  does  not 
amount  to  much,  being  almost  all  obtained  by  damming,  and  there  being  no  fall  of  any  consequence  except  that 
at  Battle's. 


Tar  river — Summary  of  power. 


Locality. 


Battle's  mills . 


Vivaratti'a  mill 

Strickland's  mill 

Louisburg 

♦Between  head  of  Battle's 

shoal, 
and  Ealeigh  and  Gaston 

railroad 


Miles. 
20  + 


34  ± 


75  + 
28± 


90  ± 


Sq.  rtis. 
768 


615 
565 


270 


In. 


>  12 


12 


Rainfall. 


In. 


14 


In. 


10 


10 


In. 


11 


11 


In. 


Total  faU. 


Feet. 
■  20 


110  + 


t 


Feet. 
2,800 


Miles. 
60  + 


Horse-power  available,  gross,  t 


280 

80 
66 
45 

970 


340 

100 
85 
60 

1,200 


.15 


1,536 

480 
390 
300 

6,700 


384 

115 
97 
69 

1,375 


TJtUized. 


235 


Feet. 
16.83 

8.00 
7.00 
8.00 

23.00 


n 
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150 


Bemarks. 


Only  natural 
fall  on  river. 
Mill  at  dam. 


•  These  figures  are  too  inexact  to  he  of  any  practical  value,  and  moreover  these  amounts  of  power  are  not  practically  available. 
tSee  pages  18  to  21. 

TBIBUTAEIES    OP   THE   TAE   RIVER. 


Fishing  creek  is  the  first  important  tributary  met  with  in  ascending  the  stream.  It  rises  in  Warren  county, 
forms  for  some  distance  the  boundary-line  between  Halifax,  on  the  north,  and  Nash  and  Edgecombe  on  the  south, 
and  empties  into  the  Tar  in  the  latter  county.  Its  length,  measured  in  a  straight  line,  is  about  50  miles,  and  its 
drainage  area  760  square  miles.  Its  only  tributary  worth  mentioning  is  Little  Fishing  creek,  which  enters  from  the 
north.  The  stream  crosses  the  fall-line  near  Enfield,  and  the  general  character  of  its  drainage-basin  is  the  same  as 
that  of  the  Tar  river.  The  water-power  of  the  stream  is  not  extensive,  and  is  used  for  saw-  and  grist-mills,  cotton- 
gins,  and  one  cotton  factory. 

The  first  power  is  that  of  Dr.  J,  T.  Bellamy,  at  the  fall-line,  4  miles  from  Enfield,  where  there  are  a  saw-  and 
grist-mill,  gin,  and  cotton-yarn  mill.    The  dam  is  of  stone,  buUt  in  1857,  at  a  cost  of  $9,000,  and  is  160  feet  long 
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and  12  feet  high,  backing  the  water  about  3  miles,  and  overflowing  some  200  acres  of  swamp-land  to  an  average 
depth  of  perhaps  7  or  8  feet.  At  one  end  of  the  dam  is  the  cotton  factory,  and  at  the  other  the  saw-  and  grist-mills, 
all  using  a  fall  of  12  feet  and  a  total  of  about  50  horse-power,  of  which  the  factory  uses  perhaps  30,  with  a  turbine- 
wheel,  and  with  always  a.  waste  of  water.  The  drainage  area  above  this  place  being  about  500  square  miles,  a.nd 
the  rainfall  47  inches,  I  would  judge  the  available  power  to  be  at  least  100  horse-power  in  the  low  season  of  dry 
years,  125  in  the  low  season  of  ordinary  years,  and  twice  that  amount,  or  more,  during  nine  months — these  powers 
being  gross,  but  doubtless  capable  of  being  increased  to  a  very  large  extent  by  drawing  down  the  water  in  the  pond 
during  working  hours.    This  site  is  4  miles  from  the  railroad. 

The  next  power  is  that  of  William  Burnett,  6  miles  west  of  the  railroad,  at  Millbrook.  The  dam  is  wood  (crib- 
work),  filled  with  stone,  260  feet  long  and  8  feet  high,  backing  the  water  about  three-fourths  of  a  mile,  but  not 
throwing  it  out  of  its  banks.  A  race  60  feet  long  leads  to  the  mill — a  grist-  and  saw-mill — where  a  faU  of  5  feet  (?) 
is  used.  The  amount  of  water  in  the  stream  here  is  probably  about  the  same  as  at  Bellamy's.  If  the  available 
fall  is  8  feet,  the  available  power  is  therefore  about  two-thirds  of  that  at  the  latter  place.  The  bed  of  the  river 
here  is  rock,  and  very  favorable  for  a,  dam. 

The  remaining  powers  on  this  creek  and  its  tributaries  are  not  worthy  of  special  mention.  They  are  included 
in  the  table  below.    The  grist-mills  generally  have  one,  two,  or  three  run  of  stones. 

On  the  whole,  as  far  as  could  be  ascertained,  the  stream  is  not  of  much  value  for  water-power,  on  account  of 
its  small  fall  and  its  variable  flow.  I  heard  of  no  good  sites  not  used,  but  there  are  probably  places  where  a  certain 
amount  of  power  could  bo  obtained  by  damming. 

Swift  creek  rises  in  Warren  and  Granville  counties,  where  it  is  called  Sandy  creek;  flows  through  Franklin, 
E'ash,  and  Edgecombe,  joining  the  Tar  about  7  miles  above  the  mouth  of  Fishing  creek,  its  length,  in  a  straight 
line,  being  about  50  mUes,  and  draining  an  area  of  about  350  square  miles.  In  general  character  it  is  similar 
to  Fishing  creek,  but  is  said  to  be  more  sluggish,  and  to  have  lower  banks.  Its  water-power  is  not  valuable,  and  I 
heard  of  no  sites  not  occupied.  The  power  utilized  will  be  found  in  the  table.  The  mills  are  saw-  and  grist-mills, 
cotton-gins,  and  one  cotton-yarn  factory,  at  Laurel,  belonging  to  Col.  J.  F.  Jones.  The  latter  is  the  most  im- 
portant of  the  utilized  powers.  The  dam  is  of  wood  and  stone,  100  feet  long,  5  feet  high,  backing  the  water  one 
mile,  and  giving  a  fall  of  12  feet,  with  a  race  60  feet  long.  The  power  is  used  for  a  grist-  and  saw-mill,  and  for  a 
cotton-yarn  factory,  with  612  spindles,  using  perhaps,  in  all,  30  or  40  horse-power. 

The  remaining  tributaries  to  the  Tar  river  are  of  no  importance,  and  the  only  mills  on  them  are  small  saw-mills 
and  grist-mills  with  one  or  two  run  of  stones.  The  smaller  streams  nearly  dry  up  in  summer,  and  many  of  the 
mills  have  to  stop  grinding.  The  table  for  the  utilized  power  of  the  Tar  and  its  tributaries  is  compiled  from  the 
returns  of  the  enumerators : 

Table  of  power  utilized  on  Tar  river  and  its  tributaries. 


stream. 


Tributary  to  "what. 


state. 


Connty. 


Kind  of  mill. 


•=0 


'"  p. 


Tar  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

FiBhlng  creek 

Do 

Do 

Do 

Swift  creek 

Do 

Do 

Do 

Do 

Do 

Other  tribntaries  of . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


PampUco  river. 
do 

do 

do    

do 

do 

do 

, do 

Tar  river 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


North  Carolina  . 

do 

do 

do 

do 

do 

do  ..   

do 

do 

do 

do 

do 

do 

do 

......do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Nash 

...do  

...do 

...do 

Franklin 

...do  

Granville  . . . 

...do  

Halifax 

...do  

...do  

Warren 

Edgecombe . 

Nash 

Franklin 

...do 

...do 

Warren.  ... 

Pitt 

...do 

Edgecombe . 

....do  

Halifax 

Nash 

...do 

....do  
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Cotton  factory 

Flour  and  grist 

Saw 

Cotton-gin 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Cotton  factory 

Flour  and  grist 

Saw 

Flour  and  grist 

do 

do 

do 

Saw 

Cotton  factory 

Flour  and  grist 

do 

Saw  ..'. 

Flour  and  grist 

Saw 

Flour  and  grist 

do 

Saw  . .'. 

Agricultural     imple- 
ments. 


Fmt. 
17 
29^ 
12 
27 

9 

9 
90 
65 
12 
19 
19 
100 

7 

19 
30 
12 
12 
90 
29 
14 
35 


155 
85- 
30 
22 
40 
25 

153 
98 
30 
40 
40 

148 
30 
35 
53 
15 
20 

211 
74 
84 
75 
49 
07 
90 
12 
12 
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stream. 

Tributary  to  what. 

State. 

County. 

Kind  of  mill. 

1 

o 

1 

1 

i 

11 
ll 

Other  tributaries  of 

Tar.... 

North  Carolina 

do 

1 

14 
9 
2 
1 
5 
1 

11 
6 

Feet. 

7 
234 
135 

22 

15 
106 

15 
133 

91 

4 

Do 

..do.. 

Flour  and  grist 

Saw            

251 

Da 

..do ..... 

do 

do 

163 

Do 

..do 

do 

do 

18 

Do 

.  do 

do 

do 

•     10 

Do 

..do 

do  

Flour  and  grist 

112 

Do 

.  do  .. 

do 

do 

20 

Do 

.  do  . . 

do 

Flour  and  grist 

Saw       

186 

Do 

.do 

do 

do 

108 

IV.— THE  NEUSE  RIVER  AND  TRIBUTARIES. 


Drainage-basin  of  the  Neuse  river.,  North  Carolina. 

DRAINAGE    AREAS. 

Square  mUeB. 

Nense  river,  at  moutli 5, 299 

Neuse  river,  at  New  Berne - 4,250 

Neuse  river,  at  GolSsboro' 2,451 

Nense  river,  at  Smithfield 1,  317 

Neuse  river,  at  Milburny 995 

Nense  river,  at  paper-mill 890 

Contentnea  creek,  at  mouth 991 

Little  river,  at  moutli 326 

Little  river,  at  Lowell 195 

Flat  river,  at  mouth. 166 

Little  river,  at  mouth 130 

Eno  river,  at  mouth . . ' 1'^'^ 

THE  NEUSE  EIVER. 

The  Neuse  river  is  formed  in  the  northwest  corner  of  Wake  county,  North  Carolina,  by  the  union  of  three 
small  streams,  the  Eno,  Flat,  and  Little  rivers,  which  themselves  take  their  rise  in  Person  and  Orange  counties. 
The  Neuse  flows  in  a  general  southeasterly  direction  through  Wake,  Johnston,  Wayne,  Lenoir,  and  Craven  counties, 
emptying  into  Pamlico  sound  below  New  Berne,  its  general  course,  in  its  lower  and  navigable  portion,  being  more 
nearly  east.  It  forms  for  a  short  distance  the  boundary  between  Granville  and  Wake  counties,  and,  near  its  mouth, 
t)etween  Lenoir,  Pitt,  and  Pamlico  on  its  left  and  Craven  on  its  right.  Its  length  above  New  Berne,  measured 
in  a  straight  line,  is  about  150  miles,  but  it  is  mucli  greater  following  the  river,  which  is  very  tortuous  in  places. 
The  principal  towns  on  the  stream  are  New  Berne  (population  6,443),  Kinston  (population  1,216),  Goldsboro' 
(population  1,933),  Smithfleld,  and  Hillsboro',  the  last  being  on  the  Eno.  The  head  of  navigation  on  the  river  is 
Smithfield,  about  160  miles  above  New  Berne,  and  the  government  is  now  engaged  in  improving  the  river  up  to 
this  point.  At  present  there  is  a  navigable  depth  of  3  feet  as  far  as  Goldsboro'  (97J  miles  above  New  Berne) 
during  eight  or  nine  months  of  the  year. 

The  area  drained  by  the  Neuse  comprises  about  5,300  square  miles.  That  part  above  New  Berne  measures 
about  4,250  square  miles.  The  principal  tributaries  of  the  river  enter  from  the  north,  viz:  the  Contentnea  creek 
(mouth  about  30  miles  above  New  Berne)  and  Little  river  (mouth  just  above  Goldsboro',  97J  miles  above  New 
Berne),  draining,  respectively,  about  990  and  325  square  miles,  approximately.  The  river  crosses  the  fall-Hue  near 
Smithfield,  and  below  that  point  there  is  no  water-power.  Tlie  fall  at  Smithfield,  however,  is  not  very  great,  and 
the  fall-line  is  less  prominent  than  in  the  case  of  the  Roanoke  and  the  Tar,  the  ledge  of  rock,  forming  the  falls  at 
Weldon  and  Rocky  Mount,  showing  itself  only  very  slightly  on  the  Neuse. 

Below  Goldsboro'  the  river  flows  through  a  low,  heavily-timbered  country,  and  is  very  like  the  Roanoke  in 
general  character.  The  soil  is  alluvial— clay,  sand,  and  marl ;  the  banks  from  3  to  20  feet  high ;  the  country  covered 
with  extensive  pine  forests  and  cypress  swamps,  and  the  staple  product  cotton.  Some  of  the  bottoms  have  been 
reclaimed  by  the  use  of  dikes.  Below  Contentnea  creek  the  banks  and  adjacent  bottoms  are  only  a  few  inches 
above  low  water,  and  the  floods  reach  a  height  of  12  feet,  covering  large  areas.  The  channel  is  very  tortuous,  cut- 
offs are  often  formed,  and  the  navigation  difflcult.  Above  Smithfield  the  drainage-basin  presents  no  peculiarities 
that  have  not  been  referred  to  in  speaking  of  the  Roanoke  and  Tar.    The  map  will  show  its  form  and  dimensions. 
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In  the  upper  part  of  the  valley  a  fine  quality  of  granite  is  quarried,  and  in  the  lower  part,  not  far  above  New  Berne, 
a  marl  m  found  which  is  said  to  be  a  very  good  building- stone,  being  quite  soft  when  quarried,  but  becoming  very 
hard  on  exposure.     In  fact,  there  is  no  lack  of  building  material  in  the  valleys  of  the  Neuse,  Tar,  or  Eoanoke. 

As  regards  bed,  banks,  and  freshets,  the  river  is  similar  to  the  Eoanoke,  except  that  the  bottoms  are  said  to  be 
less  extensive  (above  Smithfleld)  and  the  freshets  not  so  sudden  nor  violent,  seldom  endangering  dams.  Trouble 
with  ice  is  very  rare.  There  are  no  lakes  or  artificial  reservoirs,  but  there  are  facilities  for  the  latter  on  the  upper 
tributaries. 

The  rainfall  is  47  inches — 12  in  spring,  14  in  summer,  10  in  autumn,  and  11  in  winter,  aiiproximately. 

The  fall  of  the  river  below  Smithfleld  is  very  small,  its  elevation  at  that  point  being  in  the  neighborhood  of 
100  feet.  At  the  crossing  of  the  Ealeigh  and  Gaston  railroad,  some  35  miles  farther  up,  the  elevation  is  about  170 
feet,  making  the  fall  between  those  points  at  the  rate  of  2  feet  to  the  mile.  Professor  Kerr  states  that  the  total 
fall,  from  the  northwest  corner  of  Wake  county,  about  32  miles  above  the  railroad  crossing,  to  tide,  is  about  340 
feet ;  it  seems,  however,  scarcely  probable  that  the  fall  in  these  32  miles  can  be  at  the  rate  of  5.3  feet  to  the  mile. 

WATER-POWBES. 

The  first  site  for  power  in  ascending  the  river  is  at  Smithfield,  at  the  fall-line,  and  it  is  said  that  there  was 
once  a  mill  there,  although  it  is  now  gone.  Although  some  power  might  be  obtained  at  the  place,  the  site  is  not  a 
favorable  one.     The  river  at  Smithfl6ld  is  130  feet  wide. 

The  next  site,  and  the  first  one  of  importance,  is  at  Milburny  or  Neuse  mills,  about  25  miles  above  Smithfleld 
and  6  or  7  miles  from  Ealeigh,  formerly  improved,  but  at  present  idle.  The  available  fall  here  is  about  12J  feet, 
with  a  dam  8  feet  high  and  a  race  150  feet  long.  Such  a  dam,  it  is  said,  would  pond  the  water  for  several  miles. 
It  is  evident,  therefore,  that  the  fall  here  is  not  very  pronounced,  and  it  seems  strange  that  there  is  no  large  fall 
on  the  river  below  this  point.  It  seems  probable,  moreover,  that  power  might  be  got  below  by  damming,  but  it  is 
said  that  there  are  no  favorable  places  where  a  dam  could  be  built  without  trouble  by  overflowing  land  above.  At 
Milburny  the  bed  is  solid  rock,  very  favorable  for  a  dam,  and  the  race  had  to  be  blasted  out.  The  banks  are  abrupt 
on  the  right,  but  not  so  much  so  on  the  left,  and  the  location  is  said  to  be  a  safe  one.  The  power  was  formerly  used 
by  a  paper-mill  on  the  left  bank  and  a  grist-  and  saw-mill  on  the  other,  the  fall  utilized  being  12J  feet;  but  the 
paper-mill  was  burnt,  and  the  dam,  not  being  taken  care  of,  is  gone.  The  building  of  the  grist-  and  saw-mill  is  still 
standing,  although  it  is  about  five  years  since  any  power  has  been  utilized.  It  is  expected,  however,  that  the  power 
will  be  again  utilized  in  a  short  time. 

The  drainage  area  above  this  site  is  about  1 ,000  square  miles.  Professor  Kerr  gauged  the  river  at  low  water, 
and  found  the  flow  to  be  about  193  cubic  feet  per  second,  giving  a  power  of  22  horsepower  per  foot  fall.  Estimates 
of  the  flow  and  power,  according  to  methods  already  referred  to,  result  as  follows : 


state  of  flow  (aee  pages  18  to  21). 


Hinimum 

Minimtim  low  season 

MaximiTm,  with  storage 

Low  season,  dry  years 

"  Low  water",  Professor  Kerr 


Drainage  area. 


Sq.  miles. 


FaU. 


Feet. 


12i 


Flow,  per  sec- 
ond. 


Oubicfeet. 


160 
175 
750 
190 
193 


Horse  -  power, 

gross. 


Fer  footfall. 
18.2 
20.0 
85.2 
21.8 
23.0 


Horse  -  power, 
gross. 


Terr  Vl\  feet  faU. 
227 
250 
1,065 
272 
275 


By  storing  the  water  during  the  night  this  power  could  be  greatly  increased,  but  whether  such  storage  would 
be  practicable  I  cannot  say,  not  knowing  the  dimensions  of  the  pond. 

This  power,  as  before  remarked,  is  6  or  7  miles  from  Ealeigh,  from  which  point  railroads  diverge  in  four 
directions. 

The  next  power  on  the  river  is  the  paper-mill  of  the  Falls  of  Neuse  Manufacturing  Compauy,  leased  to  W.  F. 
Askew.  Between  this  power  and  Milburny  there  was  formerly  an  oil-mill,  but  the  dam  is  said  to  have  caused  so 
much  trouble  by  overflow,  and  so  much  sickness  in  the  vicinity,  that  the  property  was  purchased  by  the  neighbors, 
and  the  mill  torn  down.  Mr.  Askew's  paper-mill  is  at  Falls  of  Neuse,  3  miles  above  the  Ealeigh  and  Gaston  railroad, 
and  13  miles  north  of  Ealeigh.  The  dam,  which  extends  entirely  across  tlie  river,  is  of  wood,  about  400  feet  long 
and  6  feet  high,  backing  the  water  about  10  miles,  the  depth  averaging  perhaps  8  feet.  A  race  1,000  feet  long  leads 
to  the  mill,  where  there  is  a  fall  of  17  feec.  The  power  used  is  100  horse-power,  used  for  the  paper-mill  and  for  a 
grist-mill,  saw-mill,  and  cotton-gin,  but  this  power  can  only  be  obtained  during  eight  months  of  the  year,  owing 
to  leakage,  etc.    There  is  little  trouble  with  high  water. 
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The  draiuage  area  above  this  place  is  about  890  square  miles,  and  the  rainfall  43  to  44  inches.  Hence  the  power 
available,  per  foot,  would  be  about  eight-tenths  of  that  at  Milburuy,  or,  in  round  numbers,  as  given  in  the  following 
table :  ^ 

^  Tahle  of  poiver  at  Falls  of  Neuse.* 


state  of  flow, 


Uijdnaiir  arefl. 


Minimum 

Minimum  low  season  . . . 
Maximum,  witla  storage 
Low  season,  dry  years.. 


Fall. 


Flow,  per  sec- 
ond. 


Horse-power 


Horse-power. 


Per  n  feet  fall. 

270 

1,283 

292 


Above  this  mill  there  are  no  powers  of  importance  on  the  river  so  far  as  I  could  learn.  It  seems  strange  that 
such  a  large  and  long  river  should  offer  so  little  power,  especially  in  a  section  of  country  which  abounds  so  largely 
in  water-power.     The  fact  that  there  is  no  power  on  the  fall-line  is  also  remarkable. 

The  following  table  gives  a  summary  of  the  powers  on  the  river  utilized  and  available: 

Neuse  River — Summary  of  power. 


o 

Eainfall 

Total  fall. 

Horse- 

power  available. 

gross.t 

Total  utilized. 

8 

1. 

*| 

r 

CO 

S 

C3 

— 

a 

Locality. ' 

.9 

1 

In. 

a 
a 

s 

< 

In. 

1 

a 

i 

"to 

s 

l-I 

a 
.1 

a 

ii 

1 

ai 
a » 
a 

■B 
as 

1" 

It 

F<xi. 

% 
a 

u 

% 
1 

a 

g  . 

c  t 

r-    ^ 

Miles. 

Sq.  m. 

In. 

In. 

In. 

Feci,    i  Milex. 

Milbni  ny 

25 

1  000 

f  m  

227 
245 

250 
270 

1,065 
1,283 

272 
292 

0 
17 

Falls  of  Xeuse 

38 

100' 

65 

TEaleigli  and  Gaston  railroad 

35 

900  ■) 

•11 

13 

10 

10 

44 

Between    I                    and 

70              35 

1,  400* 

1,  540' 

6,  550* 

1,  680* 

0 

0 

0 

tSmithfield 

0 

I.  317  J 

J 

^ 

*  Practically  of  no  value,  and,  in  fact,  not  available. 


tSee  pages  18  to  21. 


TRIBUTARIES   OF   THE   NEUSE   RIVER. 

Most  of  the  utilized  power  in  the  drainage-basin  of  the  Neuse  is  located  on  its  tributaries,  although  none  of 
them  are  large  enough  to  afford  very  large  powers. 

The  first  important  one  met  with  in  ascending  the  Neuse  is  the  Trent  river,  which  joins  the  Neuse  at  New  Berne. 
The  drainage-basin  of  the  Trent,  lying  entirely  below  the  fall-line  and  presenting  no  water-power  of  importance, 
need  not  be  further  considered. 

The  next  important  tributary  is  Content  lea  creek,  from  the  north,  draining  an  area  of  about  990  square  miles, 
and  joining  the  Neuse  about  30  miles  above  New  Berne.  This  stream  has  its  sources  above  the  fall-line,  in  Franklin 
county,  where  it  is  called  Moccasin  creek ;  thence,  flowing  in  a  southeasterly  direction,  it  forms  the  boundary- line 
between  Franklin  and  Nash  counties  on  the  north  and  Wake  and  Johnston  on  the  south,  flows  through  Wilson  and 
Greene  counties,  and  finally  joins  the  Neuse,  after  forming  for  6  or  7  miles  the  boundary  between  Pitt  and  Lenoir 
counties.  It  crosses  the  fall  line,  in  Wilson  county,  about  at  the  point  where  it  changes  its  name  to  Contentnea; 
but,  as  in  th«  case  of  the  Neuse,  there  seems  to  be  no  decided  fall  in  the  stream  at  this  point.  Above  the  fall-line 
it  partakes  of  the  general  character  of  Swift  and  Fishing  creeks,  previously  described,  and  it  affords  no  water-power 
of  much  importance,  the  declivity  being  gradual.  There  is  probably  power  available  on  the  stream  which  can  be 
utilized  by  damming  at  suitable  places,  but  no  particular  sites  for  powers  were  brought  to  my  notice.  The  tributaries 
of  the  Contentnea  are  not  of  much  importance. 

The  next  important  tributary  is  Little  river,  which  rises  in  Franklin,  flows  southeast  through  Wake  and  Johnston, 
joining  the  Neuse  in  Wayne  county  2  or  3  miles  above  Goldsboro',  and  draining  an  area  of  about  325  square  miles, 
the  length  of  the  stream,  in  a  straight  line,  being  nearly  60  miles.    The  drainage-basin  is  long  and  narrow,  and  the 

*  See  pages  18  to  21.  According  to  all  I  can  learn  regarding  this  power,  1  am  inclined  to  regard  these  estimates  as  too  large, 
lieing  informed  tliat  it  is  sometimes  only  possible  to  run  a  grist-mill  in  summer  for  several  weeks  at  a  time.  But  the  dam  is  very  leaky, 
and  it  may  be  that  there  are  other  sources  of  loss.     Only  an  examination  of  the  place  can  tell. 
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tributaries  of  no  consequence.  The  stream  crosses  the  fall-line,  but,  as  in  the  case  of  the  Neuse,  no  particular  fall 
occurs  at  that  place.  The  products  of  the  basin  are  principally  corn,  cotton,  cereals,  vegetables,  and  fruits,  and  the 
soil  fertile,  generally  sandy  and  loamy.  The  general  character  of  the  stream  does  not  differ  from  that  of  the 
tributaries  of  the  Tar.  The  banks  are  often  low  and  subject  to  overflow,  and  the  bed  is  generally  of  soft  material — 
mud,  sand,  etc.  The  declivity  is  quite  uniform,  and  no  important  sites  for  power  could  be  learned  of.  There  is 
some  power  already  utilized,  the  most  important  mill  being  the  potton  factory  of  William  Bdgerton,  at  Lowell,  abo-it 
where  the  stream  crosses  the  fall-line,  and  some  25  miles  from  its  mouth.  The  power  at  this  place  is  supplied  by  a 
wooden  dam,  built  some  thirty-three  years  ago,  about  80  feet  long  and  10  feet  high,  backing  the  water  4  miles,  with 
an  average  width  of  150  feet  and  an  average  depth  of  6  feet.  The  fall  used  is  10  feet,  and  the  number  of  horse- 
power 40,  which  can  be  obtained  at  all  seasons  of  the  year.  The  drainage  area  above  the  place  being  about  195 
square  miles,  and  the  rainfall  about  48  inches,  I  have  estimated  the  minimum  and  the  low-season  flow  in  dry  years 
at  about  18  and  25  cubic  feet  per  second,  respectively,  and  the  available  power,  with  a  fall  of  10  feet,  at  20  and  28 
horse-power.  With  storage  during  the  night  these  figures  could  be  increased,  and  this  may  easily  be  done  if  the 
pond  is  as  large  as  given  above.  Above  the  Lowell  factory,  on  Little  river,  are  only  small  saw-  and  grist-mills. 
The  water-power  of  the  stream  may  be  said  to  be,  in  general,  of  little  value. 

In  the  neighborhood  of  Goldsboro'  there  are  several  small  spring  streams  which  are  said  to  afford  quite  constant 
powers,  but  none  of  them  have  sufficient  capacity  to  run  any  but  very  small  mills.  Such  are  Sleepy  creek  (mouth 
10  miles  below  Goldsboro')  and  Palling  creek  (mouth  10  miles  above  the  railroad  bridge).  On  these  streams  large 
storage  can  generally  be  obtained,  and  the  power  resulting  from  the  natural  flow  could  be  doubled  by  being 
concentrated  into  twelve  hours.  . 

,  The  other  tributaries  of  the  Neuse  below  the  junction  of  its  three  headwaters  have  numerous  small  grist-  and 
saw-mills  and  occasionally  a  paper-mill,  all  of  which  are  here  tabulated.  Most  of  these  mills  have  to  stop  during 
the  summer  on  account  of  low  water. 

The  most  northerly  of  the  three  headwaters  referred  to  is  the  Flat  river,  which  rises  in  Person  county  and  flows 
southeast  through  a  corner  of  Orange,  having  a  total  length  of  some  25  miles  in  a  straight  line.  It  drains  an 
area  of  about  166  square  miles,  being  the  largest  of  the  three  streams,  has  a  considerable  fall,  and  is  well  suited 
for  the  development  of  small  powers.  The  power  utilized  is  given  in  the  table.  The  power  available  I  cannot 
estimate;  neither  could  I  obtain  information  regarding  any  particular  sites  not  used. 

Little  river  is  the  second  of  the  three  headwaters.  Eising  in  Orange  county,  with  perhaps  a  few  branches  in 
Person,  and  flowing  a  little  south  of  east  through  the  northern  part  of  Orange,  with  a  total  length,  in  a  straight 
line,  of  some  20  miles,  it  drains  an  area  of  about  130  square  miles.  N'one  of  these  streams  are  very  tortuous. 
Little  river  has  the  same  general  character  as  Plat  river,  and  its  power  is  utilized  by  saw-  and  grist-mills,  and  by 
one  cotton  factory — the  Orange  factory.  The  power  at  this  place  is  obtained  by  a  dam  of  stone  and  wood,  270  feet 
long  and  14  feet  high,  built  at  a  cost  of  $1,500,  and  affording  a  fall,  at  the  factory,  of  17J  feet  and  furnishing  a  40 
horse-power.  In  summer  there  is  no  waste  of  water,  but  in  winter  it  generally  flows  over  the  dam.  I  estimate 
the  flow  of  this  stream  at  its  mouth  to  be  at  a  minimum  about  8,  and  at  its  low-season  flow,  in  dry  years  12  cubic 
feet  per  second,  giving  powers  of  16  and  24  horse-power,  with  fall  of  17^  feet.  I  judge,  therefore,  that  the  pond 
at  Orange  factory  is  sufficiently  large  to  store  the  water  during  the  night  if  they  succeed  in  getting  full  capacity 
all  the  time.    The  above  estimate,  however,  may,  of  course,  be  far  from  correct. 

The  most  southerly  of  the  three  headwaters  of  the  Keuse  is  the  Eno,  rising  in  the  northwest  corner  of  Orange 
county,  flowing  first  nearly  south  and  then  nearly  east  through  the  county,  having  a  length  of  about  25  miles  in  a 
straight  line,  and  draining  an  area  of  about  134  square  miles.  It  is  similar  in  character  to  the  others,  and  its  power 
is  used  only  by  grist-  and  sawmills,  some  of  which  are  obliged  to  stop  in  the  summer.  At  Hillsboro'  the  stream 
is  about  50  feet  wide,  and  wiU  probably  afford  not  more  than  8  or  9  cubic  feet  per  second  in  dry  years  during  the 
low  season,  and  probably  less,  or  about  1  horse-power  per  foot  fall.    The  utilized  power  is  given  in  the  table. 

It  will  be  seen  that  the  Neuse  river  possesses  a  small  amount  of  water-power  for  a  stream  of  its  size  in  this 
part  of  the  country.  The  lower  parts  of  the  river  and  the  tributaries  below  the  Ealeigh  and  Gaston  railroad  are 
not  very  favorable  for  power— the  river  on  account  of  its  gradual  fall  and  low  bank,  and  the  tributaries  because 
of  the  considerable  variability  in  their  flow.  Exceptions  are  found  in  the  case  of  some  tributaries  not  far  below  the 
fall-line,  which  are  fed  by  springs  and  keep  up  quite  well  during  the  summer,  belonging,  in  fact,  to  the  class  of  sand- 
hill streams,  of  which  we  shall  meet  more  noticeable  examples  in  the  case  of  the  tributaries  to  the  Cape  Pear  and 
Yadkin.  The  tributaries  in  the  upper  part  are  more  favorable,  have  a  greater  fall,  higher  banks,  and  are  probably 
not  so  variable  in  their  flow.  Still,  there  are  no  such  sites  for  power  on  the  Neuse  river  as  are  found  on  the  Eoanoke 
Tar,  or  on  streams  farther  south. 
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Neuse  river  and  tributaries — Table  of  power  utilized. 


Name  of  stream. 


Neuse  river 

Do 

Do 

Contentnea  creek  (Moccasin) . 

Do 

Do 

Do 

Do 

All  tribntaries  to 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Little  river 

Do 

Do 

Do 

All  otlier  tributaricB  to 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Flat  river  and  tribntaries 

Do 

Do 

Do 

Little  river  and  tributaries 

Do 

Do 

Do 

Edo  river  and  tributaries 

Do 


Tributary  to  what. 


Pamlico  sound 

...do  

...do 

Neuae  river 

...do  

...do  

...do 

...do 

Contentnea  creek. . 

...do 

...do 

..  do 

...do  

...do 

...do 

...do 

Neuse  river 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do  

...do 

...do 

...do 

...do 

..Ao 

...do 

...do 

...do  

...do , 

...do 

..  do 

...do  

...do  

...do 

...do  

...do 

...do 

..  do 

...do 

...do  


State. 


North  CaroUna. 
...do  


.  do. 
..do  . 
..do  . 
..do  : 
..do 
.  do  . 
.  do  . 
..do  . 
..do 
-do  . 
..do. 
..do  . 
..do. 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
..do  . 
.  do  . 
.  do. 
..do. 
..do. 
.  do  . 
..do  . 
..do. 

.do  . 
.do. 

do  . 

do. 
.do. 

do  . 

do. 
.do. 
.do. 

do  . 
.do  . 

do  . 

do. 

do  . 

do. 

do  . 
.do. 

do. 

do  . 


County. 


Wake 

....do  

...do 

Wilson . . . 

...do 

...do 

Johnston  . 

...do  

Greene  . . . 
Wilson  . . . 

...do 

...  do 

Wayne  . . . 

..  do 

Nash 

...do 

Johnston  . 

...do  

...do 

Wake 

Wayne . . . 

...do 

do 

Johnston  . 

...do 

...do 

Pamlico  . . 

Jones 

Craven  ... 

...do 

Lenoir 

Wake  .... 

...do 

...do 

Franklin  . 
Granville  . 

...do 

Orange 

...do 

Person 

...do 

Orange  . . . 

...do 

..  do  .  ... 

...do 

...do 

...do    .... 


Kind  of  mill. 


Paper 

Flour  and  grist 

. .  do .0 

...do 

Saw 

Cotton.gin 

Flour  and  grist 

Saw 

Flour  and  grist 

...do  

Saw 

Cotton.gin 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Cotton  factory 

Saw 

Flour  and  grist 

Saw 

Woolen 

Agricult'l  implements. 

Flour  and  grist 

Saw 

Flour  and  grist 

..  do 

...do 

Cotton.gin 

Flour  and  grist 

..  do 

Saw 

Woolen 

Flour  and  grist 

...do  

Saw 

Flour  and  grist 

Saw 

..  do 

..  do 

..  do 

...do 

Box 

Cotton  factory 

Flour  and  grist 

Saw 


Feet. 
17 


133 
39 


27 
309 
120 


17 

271 

60 


M  ay 


80. 

20 

20 

79 

60 

8 

107 

70 
145 
100 

45 

48 

12 

18 

22 

22 

77 

40 

40 

16 
120 

10 


20 
206 
36 
20 
70 
4 


397 

133 

15 

15 

72 

30 

100 

20 

145 

125 

48 

90 

6 

40 

358 
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v.— THE  CAPE  FEAR  RIVER  AND  TRIBUTARIES. 


THE   CAPE  FEAR  ElVEE. 

This  river,  formed  by  the  junction  of  the  Haw  and  Deep  rivers  in  Chatham  county,  North  Carolina,  flows  in 

a  southeasterly  direction  through  Harnett,  Cumberland,  Bladen,  and  Brunswick  counties,  and  for  a  short  distance 

between  Brunswick  and  New  Hanover,  and  empties  into  the  Atlantic  at  Cape  Fear.    Its  length,  in  a  straight  line,  is 

about  125  miles,  and  by  the  river  about  192.    The  principal  towns  on  the  stream  are  Wilmington,  30  miles  from  the 

mouth  (population  17,361) ;  Elizabeth,  the  county-seat  of  Bladen  county ;  Fayetteville,  the  county-seat  of  Cumberland 

county  (population  3,485) ;  Averysboro',  and  Lillington  (the  county-seat  of  Harnett  county) — the  two  latter  being 

small  towns  of  a  few  hundred  inhabitants.    Fayetteville  is  the  head  of  navigation  for  steamers  of  light  draft,  its 

distance  from  the  sea  being  160  miles  by  the  course  of  the  stream.    Considerable  money  has  been,  and  is  being, 

spent  by  the  government  for  the  improvement  of  the  navigation  of  the  river  below  Wilmington,  which  is  a  port  of 

the  entry,  and  iiresent  project  contemplates  the  securing  of  a  navigable  depth  of  12  feet  at  mean  low  water  up  to 
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that  city ;  but  by  taking  proper  advantage  of  the  tides  14J  feet  can  be  carried  up  to  that  point.  The  average  range 
of  the  tides  at  Smithville,  at  the  mouth  of  the  river,  is  about  4  feet.  The  entrance  across  the  bar  to  the  harbor  at 
Smithville  can  be  made  by  vessels  drawing  17J  feet  at  spring-tides. 

By  a  series  of  locks  and  dams  the  river  was  formerly  made  navigable  up  to  the  confluence  of  the  Haw  and  Deep 
rivers,  and  the  works  were  carried  for  some  distance  up  the  Deep  river.  These  old  navigation  works,  like  those  on 
the  Eoanoke,  were  never  successful  from  a  financial  point  of  view,  and  before  long  went  into  disuse,  and  were 
abandoned.  Some  ten  years  ago,  however,  a  part  of  the  works  were  again  put  in  order,  and  navigation  again 
opened  between  Battle's  dam  and  Carbonton,  and  kept  open  for  several  years  successfully.  But  at  present  they 
have  again  passed  into  disuse,  and  although  the  last  company  which  operated  them  is  still  in  existence  they  are 
practically  abandoned  so  far  as  navigation  is  concerned.* 

The  total  area  drained  by  the  Cape  Fear  is  about  8,400  square  miles,  of  which  the  Deep  river  drains  1,350,  the 
Haw  river  1,675,  and  the  Cape  Fear  proper  5,375.  The  principal  tributaries  of  the  river  below  the  forks  are :  From 
the  east,  in  order  as  the  river  is  ascended,  the  ISTortheast  Capo  Fear  river,  draining  1,330  square  miles,  and  entering 
the  Cape  Fear  about  20  miles  above  its  mouth;  the  Black  river,  draining  about  1,430  square  miles,  and  joining 
the  main  stream  about  30  miles  from  its  mouth;  and  from  the  west,  in  the  same  order,  Eockfish  creek,  draining  280 
square  miles,  and  emptying  10  miles  below  Fayetteville ;  Lower  Little  river,  draining  448  square  miles,  and  emptying 
about  25  miles  above  Fayetteville;  and  Upper  Little  river,  draining  about  176  square  miles,  and  emptying  about  30 
miles  above  Fayetteville. 

'  The  drainage-basin  of  the  Cape  Fear  proper,  without  the  basins  of  the  Deep  and  Haw,  resembles  that  of  the 
Eoanoke.  The  river  is  crossed  by  the  fall-line  near  Averysboro',  about  27  or  28  miles  above  Fayetteville,  giving 
rise  to  Smiley's  falls,  which  is  yet  to  be  described.  The  map  of  the  basin  will  show  its  form  and  general  dimensions. 
The  elevations  of  the  water-sheds  between  the  Cape  Fear  and  the  adjacent  rivers  are  not  very  great,  and  the 
tributaries  do  not  afford  much  power,  except  in  places  where,  by  damming,  the  water  can  be  thrown  back  for 
considerable  distances  and  considerable  storage-room  obtained ;  but  the  fall  of  the  tributaries  is,  on  the  whole, 
small.  As  regards  soil,  vegetation,  and  building  material,  the  drainage-basin  of  the  Cape  Fear  resembles  that  of 
the  Eoanoke,  and  need  not  be  described.  The  facilities  for  storage  in  that  part  below  the  junction  of  the  Haw  and 
Deep  rivers  will  probably  be  found  to  be  not  very  good  on  account  of  the  flatness  of  the  country,  and,  in  places,  of 
the  porosity  of  the  soil — resembling  in  this  respect,  also,  the  Eoanoke.  Further  up,  in  the  valleys  of  Deep  and  Haw 
rivers,  the  storage  facilities  are  better.  As  regards  bed,  banks,  and  freshets,  the  stream  very  closely  resembles 
the  Eoanoke,  although  the  bottoms  are  said  to  be  not  quite  so  extensive  as  on  the  latter  river.  Above  Averysboro' 
the  river  flows  through  an  alluvial  country,  with  banks  generally  low,  and  a  width  of  from  400  to  600  feet.  Below 
Averysboro'  the  river  is  narrow,  the  banks  high,  and  the  soil  sandy. 

The  rainfall  on  the  basin  of  the  Cape  Fear  is  about  46  inches — 12  in  spring,  13  in  summer,  10  in  autumn,  and 
11  in  winter;  but  in  the  valleys  of  the  Deep  and  Haw  rivers,  although  the  total  rainfall  remains  the  same,  the 
summer-fall  is  rather  smaller,  and  that  in  winter  remains  about  the  same.  It  would  seem  to  follow  from  these  facts 
that  the  flow  of  the  Cape  Fear  becomes  proportionately  more  variable  as  it  is  ascended.  Another  cause  which  tends 
to  make  the  flow  of  the  river  variable  is  the  fact  that  the  courses  of  many  of  its  tributaries  in  Chatham  county  lie 
in  a  slaty  and  broken  region,  which  sheds  the  water  with  great  rapidity,  so  that  these  streams  become  almost  dry 
in  summer;  and  this  cause  also  contributes  to  increase  the  suddenness  and  violence  of  the  freshets.  The  freshets  on 
the  Cape  Fear,  indeed,  are  said  to  be  more  violent  than  on  any  other  North  Carolina  river.  On  the  lower  part  of  Deep 
river  the  banks  are  often  overflowed,  sometimes  to  a  depth  of  10  or  12  feet,  and  much  injury  is  thereby  done  to  the 
crops.    For  the  upper  30  miles  of  the  Cape  Fear  the  banks  are  low  and  the  river  wide,  so  that  the  rise  does  not 

*  The  Cape  Fear  Navigation  Company  was  first  chartered  by  the  state  in  1796,  with  a  capital  of  $80,000.  lu  1815  additional  privileges 
were  granted,  and  authority  given  to  increase  the  capital  stock  to  |100,000.  Although  the  money  was  expended,  no  useful  result  was 
accomplished,  and  in  1848-'49  a  new  company  was  organized,  with  a  capital  of  $200,000,  which  was  afterward  increased  to  $350,000,  the  state 
subscribing  three-fifths  of  the  whole  amount.  Surveys  were  made,  but  the  cost  of  the  works  which  were  entered  upon  exceeded  the 
estimates,  and  although  a  steamer  did  once  pass  over  the  whole  route  between  Fayetteville  and  Carbonton,  on  Deep  river,  the  company 
was  never  able  to  keep  the  locks  and  dams  in  a  condition  requisite  to  secure  uninterrupted  communication.  The  failure  of  these  works 
was  partly  due  to  bad  engineering  in  the  location  of  the  dams,  it  being  difficult  to  secure  their  ends  against  the  action  of  freshets.  The 
amount  expended  by  the  last  company  was  about  |3ri0,000.  (Annual  Report  Chief  of  Engineers,  1873,  pp.  743-'4.)  The  work  was  finally 
abandoned  when  the  war  broke  out,  and  subsequently  the  works  were  in  a  measure  destroyed,  in  part  by  natural  causes,  and  in  part 
intentionally.  In  1868  the  state  appropriated  the  works  to  the  Raleigh  and  Augusta  Air-Line  railroad  (then  Chatham  railroad),  but  they 
were  afterward  bought  by  some  parties  who  organized  as  the  Deep  River  Manufacturiug  Company.  A  little  later,  the  Lobdell  Car-wheel 
Company  having  bought  an  interest  in  the  company,  and  also  the  Endor  furnace,  the  works  were  again  put  in  order  from  Battle's  dam  up, 
in  the  years  1872  to  1874,  for  the  purpose  of  supplying  the  Endor  furnaces  with  the  Buckliorn  ore,  for  which  there  was  no  convenient 
transportation  except  by  water.  Navigation  was  kept  open  ibr  several  years  successfully,  and  may  be  said  to  be  still  open  between 
Lockville  and  Carbonton,  although  the  company  has  carried  on  no  traffic  since  1876.  In  that  year  the  Deep  River  Manufacturing  Company 
was  consolidated  with  the  Cape  Fear  Iron  and  Steel  Company, under  the  new  name  of  "The  American  Iron  and  Steel  Company,"  which 
company  is  still  in  existence;  but  the  furnaces  were  slopped,  owing  to  the  depression  in  the  iron  business,  and  this,  of  course,  put  an  end 
to  the  navigation,  which  was  confined  to  that  carried  on  by  the  company,  no  local  trade  having  been  built  up,  the  single  steamboat  owned 
by  the  company  being  no  more  than  sufficient  for  their  own  wants.  Since  1876  the  boat  has  been  run  whenever  a  paying  trip  could  be 
made,  but  not  regularly,  and  no  trips  have  been  made  since  1880. 
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exceed  20  feet:  but  in  the  succeeding  75  miles,  where  the  bfinks  are  high  and  the  stream  narrow,  the  rise  is  very  mpat, 
amounting  occasionally  to  65  feet  at  Fayetteville.    These  freshets  constitute  a  serious  disadvantage  to  the  use  of  water- 
power  on  the  stream.    There  is,  however,  no  trouble  at  all  with  ice.     I  could  find  no  gaugings  of  the  river,  and  am 
therefore  again  obliged  to  resort  to  estimates  regarding  flow  and  power. 
The  following  table  shows  the  declivity  of  the  stream  : 


Gape  Fear  river — Table  of  declivity. 


Locality. 


■Junction  of  Haw  and  Deep  rivers* 

Head  of  £miley'8  falls 

Foot  of  Smiley's  falls 

Fayetteville 

Wilmington 


Distance 

from 

Wilmington. 


Miles. 
172.0 

142.5 

139.0 

112.  0 

0.0 


Elevation 
above  tide. 


Feet. 
130 
69 
42 


Distances 
between 
points. 


I  Fall  between 
points. 


Miles. 


Feet. 


7(?) 


20.5 

3.  .J 

27.0 

112.0 


Average  fall 
between 
point=(. 


Fi'etpermUe, 

2.  060 
7.  710 
1.  250 
0.  0621!) 


*  At  crossing  of  Ealeigb  and  Augasta  Air-Line  railroad.    This  and  tjie  other  elevations  on  the  road  are  due  lo  Major  Winder,  general  superintendent. 

The  principal  products  of  the  region  along  the  Cape  Fear  are  corn,  cotton,  peanuts,  potatoes,  pease,  rice,  various 
vegetables  and  fruits,  rye,  oats,  wheat,  and  grasses.    The  whole  of  this  region  lies  in  the  cotton-belt. 

The  mineral  resources  of  tbis  region,  especially  of  the  upper  part,  are  very  great.  Coal  and  iron  are  very 
abundant,  but,  owing  to  difficulties  of  transportation,  the  mines  have  been  little  worked.  The  coal-iields  along  the 
Deep  river  have  been  estimated  by  Emmons  to  cover  an  area  of  90  square  miles,  and  to  contain  at  least  258,000,000 
tonSj  easily  workable.  The  coal  is  bituminous,  and  of  superior  quality.  At  Egypt,  on  Deep  river,  a  shaft  was 
■excavated  to  a  depth  of  460  feet  previous  to  1850,  but  operat  ions  were  suspended  on  account  of  want  of  transi)ortation. 
Iron  has  been  found  at  Ore  Knob,  about  9  miles  from  the  Gulf,  and  at  Buckhoru,  on  the  east  bank  of  the  Cape  Fear, 
S  miles  below  the  forks;  and  all  the  way  up  through  the  valleys  of  the  H.aw  and  Deep  rivers  iron-ore  of  excellent 
quality  has  been  found  in  large  quantities.  Copper-ore  has  also  been  found  in  the  same  region,  and  several  mines 
have  been  worked. 

The  basin  of  the  Cape  Fear  is  not  very  thickly  populated,  and  its  population  has  not  increased  much  since 
1870.  In  that  year  the  population  per  square  mile  was  21'. 7,  while  now  it  is  only  28.4.  (Census  Bulletin  No.  7S,  by 
Mr.  Gannett,  geographer  of  the  Census.) 

I  proceed  to  describe  the  river  more  in  detail  and  to  discuss  its  water-powers,  commencing  at  its  mouth. 

Below  Wilmington  there  is,  of  course,  no  power.  The  country  is  low  and  very  swampy,  and  large  quantities  of 
rice  are  raised.  The  river  is,  in  places,  over  a  mile  wide,  and  at  the  mouth  the  width  is  3  miles.  The  country  is 
also  swampy  for  50  miles  above  Wilmington;  there  is  no  power,  and  rice  is  the  principal  product.  Thence  up  to 
Fayetteville  the  banks  are  from  15  to  40  feet  high,  the  bed  entirely  sand,  and  the  navigation  difficult,  on  account  of 
shifting  sand-bars. 

The  first  dam  of  the  old  Navigation  Company  was  at  Jones'  falls,  7.73  miles  above  Fayetteville,  its  height  having 
been  about  5  feet.    It  is  not  a  good  site  for  power. 

The  second  dam  was  at  Silver  run,  17.11  miles  above  Fayetteville,  its  lieight  having  been  probably  greater,  as 
its  crest  was  15.64  feet  above  that  of  the  Jones'  falls  dam.     It  was  not  spoken  of  as  a  good  site  for  power. 

The  third  dam  was  at  Williams'  fish-trap,  25  miles  from  Fayetteville.  The  total  fall  from  the  top  of  the  dam 
to  low  water  at  Fayetteville  was  25.74  feet.    Not  a  good  site. 

The  fourth  dam  was  at  Haw  Eidge,  27  miles  above  Fayetteville ;  height  of  crest  above  Fayetteville  (low  water), 
-34.97  feet.    Not  a  good  site.    None  of  the  dams  thus  far  mentioned  are  now  in  existence. 

Cri>  to  this  point  the  fall  of  the  river  is  slight,  and  its  general  character  similar  to  what  it  is  for  some  distance 
below  Fayetteville.  We  now  come  to  the  fall-line,  where  the  river  passes  from  the  middle  to  the  eastern  division 
■over  a  long  shoal  known  as  Smiley's  falls.  In  the  table  of  declivity  I  have  already  stated  that  the  fall  extends 
through  a  length  of  about  3J  miles,  with  a  total  fall  of  about  27  feet.  There  were  three  dams  built  on  the.se  falls, 
viz:  Green  Eock,  Big  Island  (Narrow  Gap),  and  Sharpfield,  the  latter  being  at  the  head  of  the  falls,  and  all  of  which 
have  been  comi^letely  carried  away.  The  table  following,  on  page  CO,  will  show  their  distances  from  Fayetteville, 
and  the  height  of  their  crests  above  the  datum.  "At  Narrow  Gap  a  ledge  of  rocks  from  4  to  6  feet  above  the 
ordinary  bed  extends  nearly  across  the  river,  leaving  a  narrow  opening  near  the  left  bank,  wlu'nce  comes  the  name. 
The  whole  volume  of  water,  during  ordinary  stages,  passes  through  this  gap."*  Smiley's  falls,  really  the  first  power 
on  the  river,  none  of  those  below  being  worth  anything  as  powers,  are  situated  above  the  month  of  Upper  Little 
river,  and  about  20  miles  from  any  railroad.    The  bed  is  rock,  and  the  facilities  for  dams  and  races,  as  well  as  for 

*  Quoted  from  a  report  on  a  survey  of  the  Cape  Fear  and.  Deep  rivers^  by  Mr.  George  H.  Elliot,  annual  report  chief  of  engineers,  1872, 
p.  742.     Much  of  my  information  regarding  the  Cape  Fear  and  Deep  rivers  has  been  derived  from  this  report.  ^ 
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buildjug,  are  said  to  be  good.  On  account  of  its  inaccessibility  I  did  not  visit  the  place,  but  I  have  been  informed 
by  ^od  authority  that  the  power  is  available.  The  greatest  .drawback  would  probably  be  the  heavy  freshets  to 
which  the  river  is  subject,  and  which  have  been  already  referred  to;  but  the  fall  is  so  great  at  this  place  that  it  seems 
as  though  this  difficulty  might  be,  to  a  large  extent,  obviated,  if  it  were  not  endeavored  to  utilize  the  total  available 
fall  at  low  water.  There  is  no  power  at  present  in  use  at  the  place,  or  if  there  is,  it  is  only  for  some  small  country 
grist-mill ;  but  none  such  were  heard  of. 

The  drainage  area  above  this  place  being  about  3,400  square  miles,  I  have  estimated  the  power  in  the  following 
table  : 

Table  of  power  available  at  Smiley's  falls  (estimated). 


state  of  flow  (see  pages  18  to  21). 


Eainfall. 


Fh 


Horse-power  avail- 
able, gross. 


o;^ 


Minimum 

Minimum  low  season  ... 
Maximum,  with  storage 
Low  season,  dry  years. . 


Sq.  ms. 


,400 


In. 


12 


In. 


13 


In. 


In. 


11 


In. 


46  < 


Gu.ft. 

620 

820 

2,400 

930 


1/t.faU. 

70.0 

92.7 

272.7 

106.0 


27ft.faU. 
1,890 
2,500 
7,360 
2,860 


To  use  the  power  available  with  storage  is  probably  altogether  impracticable,  as  already  remarked  in  the  case 
of  the  Eoanoke.  For  the  same  reason  a  concentration  of  power  into  less  than  twenty -four  hours  would  probably 
be  impracticable,  except  to  a  very  small  extent. 

This  power,  one  of  the  finest  in  this  section  of  the  state,  is  located  in  a  region  offering  many  advantages  for 
manufacturing.  Fuel,  in  the  shape  of  timber  and  coal,  is  abundant  in  the  immediate  neighborhood.  Building 
materials — fine  wood  and  stone — are  also  to  be  had  with  ease.  The  principal  economic  drawback  is  the  inaccessibility 
of  the  place,  the  nearest  railroad  being  the  Cape  Fear  and  Yadkin  Valley  railroad,  whose  nearest  point  is  20  miles 
distant.  The  products  of  the  neighborhood  are  corn,  cotton,  wheat,  oats,  rye,  pease,  potatoes,  vegetables,  and  fruits 
of  various  kinds.  In  case  of  the  establishment  of  a  cotton  factory,  an  abundance  of  the  raw  material  could  probably 
be  obtained  from  wagons.  Finally,  this  part  of  the  state  is  quite  healthy,  although  not  so  much  so  as  the  western 
portion,  chills  and  fever  being  more  prevalent. 

The  next  dam  above  Sharpfield  dam  was  McAllister's,  3  miles  above,  the  present  fall  in  the  river  between  these 
points  being  about  8  feet.  Then  came  Fox's  Island  dam,  3  miles  above,  the  natural  fall  being  now  10  feet.  The 
next  was  Douglas'  falls  dam,  rather  over  8  miles  above,  and  the  fall  is  9  feet.  The  bed  of  the  river  above  Smiley's 
falls  is  rock,  and  the  fall  considerably  greater  than  below.  The  next  dam  above  Douglas'  falls  was  Battle's,  which 
is  the  first  dam  at  present  existing  on  the  river,  having  beer^,  as  already  mentioned,  the  lowest  dam  rebuilt  by  the 
last  company.  The  fall  between  this  dam  and  Douglas'  falls,  a  distance  of  a  little  over  3  miles,  is  9  feet.  Battle's 
dam  is  a  wooden  structure,  straight  across  the  river,  and  about  11  feet  high  and  500  feet  long.  It  is  not  used  for 
power,  although  it  might  be,  as  the  place  is  topographically  favorable,  but  the  freshets  would  be  a  drawback  to 
the  use  of  so  small  a  fall.  The  dam  ponds  the  water  for  2  miles,  up  to  the  foot  of  Buckhorn  fails,  the  most  important 
fall  on  the  river  next  to  Smiley's,  and  navigation  through  which  is  effected  by  means  of  a  canal.  At  the  head  of 
the  falls  is  a  dam,  built  of  wood,  like  Battle's  dam,  and  about  1,000  feet  long  and  3  or  4  feet  high.  It  has  the  shape 
'of  a  letter  V,  with  the  apex  up  stream,  one  arm  being  nearly  at  right  angles  to  the  banks,  and  it  is  terminated  on 
the  east  side  by  an  island,  behind  which  it  turns  a  portion  of  the  water,  as  into  a  natural  race,  which  extends  for  a 
distance  of  a  mile  or  so  between  the  bank  and  a  succession  of  islands,  which  have  been  connected  by  a  series  of 
slough-dams.  At  the  end  of  the  mile  a  slough-dam  connects  the  last  of  the  series  of  islands  with  the  bank,  and  the 
navigation  is  continued  by  means  of  a  canal  about  half  a  mile  long,  40  feet  wide  at  the  surface,  and  6  feet  deep. 
At  its  head  is  a  guard-lock,  with  a  lift  of  about  4  feet,  and  at  its  foot  two  locks,  made  of  crib- work  filled  with  stone, 
like  the  guard-lock,  with  together  17  feet  lift,  one  having  11  and  the  other  6  feet,  making  the  total  fall  from  the 
crest  of  the  Buckhorn  dam  to  that  of  Battle's  dam  some  22  or  23  feet.  A  part  of  the  fall  has  been  used  by  the 
North  Carolina  Iron  and  Steel  Works  to  run  machinery  connected  with  their  furnaces  (blast,  etc.),  the  canal 
having  been  extended  some  300  yards  from  a  point  just  above  the  outlet-locks,  so  as  to  utilize  the  power  lower  down, 
nearer  the  ore-bed.  A  fall  of  12  feet  was  used,  the  water  being  discharged  into  a  small  creek  having  a  fall  of  some 
5  feet  between  the  tail-race  and  the  river.  Although  in  freshets  the  backwater  from  the  river  came  up  to  the  wheel- 
pit,  full  capacity  could  be  secured  daring  the  whole  year,  and  no  steam-power  was  used.  These  works  have  not 
been  in  operation  since  1876,  it  being  said  that  the  ore-bed  is  exhausted,  not  being  so  extensive  as  was  supposed, 
although  it  is  not  certain  that  this  is  the  case. 

These  falls  constitute  a  most  excellent  power,  very  easily  available,  and  with  a  location  perfectly  safe.     The 
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existing  canal  constitutes  a  race  ready  for  use,  and  by  utilizing  the  lift  of  the  guard-lock  and  discharging  the  water 
directly  into  the  river  at  the  works  a  fall  of  20  feet  could  be  rendered  available,  except  during  very  severe  freshets, 
when  the  works  might  be  obliged  to  stop,  although  this  would  be  veyy  rare.  The  canal  is  in  tolerably  good 
condition,  and  could  be  made  perfect  at  a  very  small  cost ;  and,  if  necessary,  it  could  be  easily  widened  so  as  to 
increase  its  capacity.  At  its  lower  end,  where  the  locks  are,  the  land  is  low  for  several  hundred  yards  back  from 
the  river,  and  subject  to  overflow  at  times;  but  further  back  is  a  hill,  on  which  buildiugs  could  be  erected  with 
safety,  and  on  which  stands  the  furnace  of  the  iron  company. 

I  have  estimated  the  available  power  and  flow  at  this  point,  with  the  results  given  in  the  following  table: 

Table  of  available  power  at  UucMorn  falh  {estimated). 


state  of  flow  (see  pages  18  to  21). 


Minimam 

Minimum  low-season. ... 
Maximum,  witli  storage 
Low  season,  dry  year*  . 


Sq.  Tniles. 


3,200 


In. 


12 


EainfaU. 


09 


In.       In. 

I 

i 

13  i       10 


46 


Gu.  feet. 

f         575 
765 
2,240 


Horse-power  available, 
gross. 


1  foot  fall. 

65.4 

87.0 

253.4 

100.0 


W  feet  fall. 


1,300  0 

1,740  ' 

5,000    

2,000    


©3 


To  utilize  the  whole  of  the  minimum  power  with  a  fall  of  one  foot  per  mile  to  the  canal  would  require  a  canal 
with  rather  larger  dimensions  than  those  given  for  the  present  one.  "With  a  fall  of  2  feet  per  mile,  however,  the 
present  one  would  answer,  the  banks  being  composed  of  earth,  with  no  special  precaution  to  keep  them  smooth. 
The  present  canal,  or  one  40  feet  wide  at  top,  6  feet  deep,  and  slopes  of  45°,  would  be  capable  of  carrying  volumes 
of  water,  and  of  affording  power,  with  different  slopes,  as  per  the  following  table: 

Table  of  power  afforded  by  canal  in  earth,  AO  feet  wide,  6  feet  deep,  sides  at  45°,  at  Buckhorn  falls. 


Fall  of  canal. 


- 

Capacity  per 
second. 

Horse-power  available, 
gross. 

CuUcfeet. 

\  foot  fall. 

Total. 

450 

51 

1,020 

625 

71 

1,349 

790 

90 

1,620 

Remarts. 


1  foot  per  mile 

2  feet  per  mile 

3  feet  per  mile 


Available  fall  about  20  feet. 
Available  fdl  about  19  feet. 
Available  fall  about  18  feet. 


The  estimates  of  flow  in  the  first  table,  and  in  that  for  Smiley's  falls,  may  seem  too  low,  but  the  flow  of  the 
Cape  Fear  was  stated  to  be  very  variable.  The  available  power,  with  storage,  would  be  found  impracticable,  I 
think,  although  the  power  due  to  the  ordinary  flow  of  the  stream  might  be  considerably  increased  by  constructing 
storage-reservoirs  in  the  valleys  of  Deep  and  Haw  rivers. 

Buckhorn  falls  are  more  accessible  than  Smiley's,  being  only  about  8  miles  from  Haywood,  at  the  junction  of 
Haw  and  Deep  rivers,  and  from  the  Raleigh  and  Augusta  Air-Line  railroad,  which  crosses  both  rivers  near  their 
junction.  As  already  mentioned,  coal  and  building  materials  can  be  obtained  in  abundance  in  the  vicinity.  The 
locality  is  healthy,  and  the  climate  mild.  The  property,  including  land,  canals,  and  dams,  is  all  owned  by  the 
Navigation  Company. 

The  width  of  the  Cape  Pear  at  Buckhorn  dam  is  about  700  or  800  feet,  and  the  dam  ponds  the  water  with  this 
average  width  up  to  the  forks,  and  beyond,  or  about  8  miles.  Buckhorn  falls  is  thus  the  highest  power  on  the 
river. 

In  the  following  table  of  power  on  the  Cape  Fear  river  I  have  only  mentioned  those  powers  which  may  bo 
■considered  as  available  practically,  viz :  Smiley's  falls.  Battle's  dam,  and  Buckhorn  falls.  As  curiosities  simply 
I  have  added  the  theoretical  power  between  certain  points. 

It  will  be  noticed  that  there  is  only  one  mill  in  operation  on  the  river,  probably  because  small  mills— the  only 

kinds  that  have  ever  sought  a  location  in  this  part  of  the  state — have  been  more  cheaply  located  on  small  streams, 

where  there  is  not  such  danger  from  heavy  freshets. 
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Cape  Fear  river — Summary  of  power  {estimated). 


Locality. 


Smiley's  falls 

Battle's  (lam 

Bnckhom  falls 

Between  Fayetteville 

and  foot  of  Smiloy 's  falls 

Between  head  of  Smiley 's  falls 

and  Battle's  dam 

Total  between  Fayetteville 

and  junction  of  Haw  and  Deep  rivers. 


Il 


Miles. 
30.5 

48.0 

51.0 

0.0 
27.0 
30.5 
48.0 

0.0 
60.0 


•a 


Sq-  ms. 
3,400 

3,200 

3,200 

4,  250  ^ 

3,  400  j 

3,  400  1 

3,  200  5 

4,  250  ) 
3,  025  1 


Kaiufall. 


10 


Total  fall. 


Feet. 
27 

11 

J20 

35 
26 

127 


3.5 
0.0 
1.5 

27.0 
17.5 
60.0 


Horse-power  available,  gross.* 


I 

3 


1,890 

720 

1,300 

2,800 
1,750 
9,000 


II 


2,500 

950 

1,740 

3,650 

2,275 

12,  000 


tai 

.Is 

Km 


7,360 
2,780 
5,000 

10,  000 

6,800 

36,  750 


I 


O  CO 

(O  u 

cd  ei 

«  to 

ft  >% 


2,860 
1,100 
2,000 

4,200 

2,600 

13,  700 


Total  util- 
ized. 


Feet. 


10 


15 


1- 


*  See  pages  18  to  21. 


t  Not  available  practically  in  all  probability. 


{ See  description. 


Table  giving  number  and  location  of  dams  constructed  on  the  Gape  Fear  and  Deep  rivers  by  the  Navigation  Company, 
together  with  a  profile  of  the  rivers  between  Fayetteville  and  MancocVs  dam. 

[Taken  from  a  map  and  profile  of  the  rivers  according  to  a  survey  by  Hamilton  Fulton,  civil  engineer,  in  the  office  of  the  state  geologist 

iu  Raleigh.] 


Name  cf  dam  or  place. 


Fayetteville  bridge 

Jones'  Falls  dam 

Silver  Run-  dam 

"William's  fisb-trap  dam 

Haw  Eidge  dam 

Green  Rock  dam 

Big  Island  dam  (Narrow  Gap  ?) . 

Sbarpfield  dam 

McAllister's  dam 

Fox's  Island  dam 

Douglass'  dam 

B.attle's  dam 


Buckborn  falls - '. 

Buckbom  dam 

Deep  river,  near  junction  with  Haw 

liockville  dam  (lower)  _. 

liOckville  dam  (upper) 

Gorgas  dam  (Clegg's)  

Endor  dam  (Farish's  fish-trap)  

Gulf  dam  (Haughton's) t 

Carbonton  dam  (Evans') 

Tyser's  dam  (Hancock's) 


Distance 

from 
Fayette- 
ville 
bridge. 


Elevation  of  crest 
or  water  sur. 
face  above  low- 
water  at  Fay 
etteville. 


Miles. 
0.00 
7.73 
17.11 
25.00 
26.99 
28.14 
29.37 
30.59 
33.65 
36.50 
44.76 
47.97 
50.00 
51.65 
60.44 


62.21 
64.70 
71.43 
81.37 
87.37 
99.87 


Feet. 
0.00 
50. 00 , 
20.64 
25.74 
34.97 
45.47 
53.61 
62.56 
73.18 
80.40 
88.08 
99.51 
108.47 
122.  39 

127. 11 
151.  67 
165.  02 
172.  24 
174.  30 
181.  00 

190. 12 
204.  04 


Notes  on  this  table.— The  height  of  each  dam  may  be  found  approximately  (a  little  too  large)  by  subtracting  from  the  height  of  its  crest  that  of  the  dam 
below,  except  in  cases  where  locks  and  canals  wore  used,  i.  a.,  in  the  case  of  the  Buckborn  dam,  the  lower  Lookville  dam,  and  the  Gorgas  d-im. 

These  figures,  having  reference  to  the  work  as  originally  planned,  are  not  correct  for  those  now  in  existence,  for  iu  some  cases  these  figures  wore  altered  when 
the  works  were  built,  and  iu  others  they  have  been  altered  since. 

TRIBUTARIES  OP  THE  CAPE  PEAR  BELOW  THE  PORKS. 

The  first  important  tributary  of  the  Cape  Fear,  as  we  ascend  the  river,  is  the  Northeast  Cape  Fear,  which  rises 
in  the  extreme  northern  part  of  Duplin  county  and  flows  south,  through  Pender  and  New  Hanover  counties, 
entering  the  Cape  Fear  river  at  Wilmington,  some  20  miles  from  the  sea.  Lying  entirely  below  the  fall-line,  it  has 
no  water-power  of  any  consequence,  flowing  mostly  through  swamps.  There  are  only  a  few  small  mills  on  tlie 
stream  and  its  tributaries. 

The  next  important  tributary  is  South  river,  also  from  the  east,  rising,  under  the  name  of  Black  river,  in  the 

northeastern  part  of  Harnett  county,  and  flowing  south  through  that  county,  and  between  Cumberland,  Bladen,  and 
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Brunswick  counties  on  its  right,  and  Sampson  and  Pender  on  its  left,  entering  the  Cape  Fear  about  10  miles  above 
Wihniugtou,  after  a  course,  in  a  straight  line,  of  about  85  or  90  miles.  Its  drainage  area  comprises  about  1,430 
square  miles.  Although  its  sources  are  above  the  fall-line,  the  stream  is  very  small  where  it  enters  the  eastern 
dimion,  and  its  water-power  is,  therefore,  of  no  consequence.  Some  of  the  small  tributaries  near  its  sources  have, 
as  in  the  case  of  the  Northeastern  Cape  Fear,  small  grist-mills,  but  of  no  consequence.  The  South  river  has  one 
large  tributary,  the  Black  Eiver  (not  the  one  above  mentioned),  which  enters  from  the  east,  after  having  flowed,  from 
north  to  south,  through  the  whole  length  of  Sampson  county,  in  the  northern  part  of  which  its  sources  lie.  Its 
length  is  about  50  miles  in  a  straight  line,  and  its  drainage  area  620  square  miles;  but  as  it  lies  entirely  in  the 
eastern  division,  it  possesses  no  water-power.  There  are  no  towns  of  importance  on  these  streams.  They  are  so 
swampy  that  the  towns  are  located  some  miles  from  them  on  higher  and  more  healthy  ground. 

We  next  come  to  Rockflsh  creek,  which  rises  in  the  western  part  of  Cumberland  county,  flows  nearly  east, 
forming  for  about  10  miles  the  boundary  between  Cumberland  and  Robeson  counties,  and  empties  into  the  Cape 
Fear  about  10  miles  below  Fayetteville,  in  the  former  county.  Its  length,  in  a  straight  line,  is  about  30  miles; 
following  the  general  course  of  the  stream  it  is  about  35  miles,  but  taking  in  all  its  windings  it  is  considerably  more. 
It  drains,  ;n  all,  an  area  of  280  square  miles,  and  its  principal  tributaries  are  from  the  north,  the  largest  being  the 
Little  Eockfish,  draining  an  area  of  77  square  miles.    There  are  no  towns  on  the  stream. 

Rockflsh  creek  is  a  good  sample  of  a  class  of  streams  which  I  have  not  yet  described  in  detail,  not  having  had 
occasion  to  refer  to  any  particular  powers  on  any  of  them,  although  some  tributaries  of  the  Neuse  and  Tar  belong 
to  this  class.  These  streams,  located  generally  just  below  the  fall-line,  which  they  sometimes  cross,  differ  very 
materially  in  character  from  the  majority  of  streams  in  this  part  of  the  country.  I  have  alluded  to  the  fact  that 
just  below  the  faU-line  there  is  a  belt  of  sand-hills,  some  30  or  40  miles  wide,  running  almost  parallel  with  that  line, 
and  sometimes  extending  above  it.  The  streams  of  the  class  referred  to  rise  and  flow  through  this  sandy  region, 
and  it  is  to  this  fact  that  their  character  is  due.  The  sand-hill  belt  consists  of  broad,  flattish  swells,  well  wooded, 
as  a  rule,  with  long-leaf  pine,  and  generally  with  an  undergrowth.  The  surface  deposit  of  sand  varies  generally 
from  a  foot  or  two  to  flve  or  six  feet  in  depth,  and  is  in  places  10,  20,  and  even  100  feet  thick.  It  is  underlaid  with 
an  impervious  stratum  of  half-compacted  grit  or  clay  of  the  tertiary  formation  (overlaid  at  points  by  a  stratum  of 
gravel  several  feet  thick),  which  is  in  places  very  thick,  having  been  bored  into  to  a  depth  of  66  feet  at  one  place.  The 
smaller  streams  in  the  sand-hills  have  not  cut  out  their  beds  through  the  sand,  and  are  often  sluggish,  stagnant,  and 
marshy ;  but  the  larger  creeks,  and  the  rivers,  have  cut  away  the  sand  entirely  and  worn  out  their  beds  in  the 
impervious  stratum  beneath,  which  sheds  into  the  water-courses  all  the  water  which  reaches  it  by  percolation. 

The  rapidity  with  which  the  sand-hills  absorb  the  rain  which  falls  upon  them,  thus  removing  it  from  the  direct 
action  of  the  sun,  has  the  effect  of  diminishing  the  evaporation,  while  their  large  thickness  in  places  enables  them 
to  absorb  considerable  water,  and  to  give  it  out  gradually,  as  it  reaches  and  flows  along  the  impervious  stratum 
beneath,  thus  enabling  them  to  act  as  storage-reservoirs,  and  to  regulate  the  flow  to  a  remarkable  degree.  Thus 
there  is  considerable  difference  in  the  sand-hill  streams,  according  to  the  depth  of  the  sand  on  their  drainage-basins, 
and  by  no  means  are  all  these  streams  good  sources  of  power.  Sand  and  gravel  in  general,  although  they  absorb 
water  rapidly,  give  it  out  rapidly  also,  unless  occurring  in  sufftcient  masses  to  be  able  to  store  up  considerable 
water  without  becoming  saturated.  Hence  the  depth  of  the  sand-hills  acts  very  beneficially,  and  when  the  sand  is 
deep  the  streams  of  the  class  referred  to  not  only  discharge  a  large  prop  ortion  of  the  rainfall  on  their  drainage 
basins,  but  discharge  it  very  uniformly,  their  flow  being  remarkably  constant.  The  power  which  can  be  obtained 
from  these  small  streams  is  sometimes  remarkable,  and  we  shall  see  further  on  that  it  is  one  of  them  which  is  the 
principal  manufacturing  stream  in  the  state  of  South  Carolina.  Their  value  is  also  increased  by  the  fact  that  the 
topography  of  the  sand-hill  region  is  such  that  large  ponds  can  be  obtained  easily,  and  storage-room  sufficient,  not 
only  to  regulate  the  flow  to  a  considerable  extent  during  the  year,  but  also  to  permit  of  the  concentration  of  the 
entire  flow  of  the  stream  into  working  hours,  thus  rendering  it  possible  to  double  the  power  due  to  the  natural  flow 
if  the  mills  are  only  worked  12  hours.  Those  streams  which  have  cut  deep  channels  for  themselves  through  the  sand 
down  to  and  into  the  impervious  stratum  of  hard  pan  flow  considerably  below  the  general  surface  of  the  country, 
often  50  or  60  feet.  The  banks  of  the  Big  Rockflsh,  for  example,  are  almost  100  feet  high  near  the  Cape  Fear,  and 
well  wooded.  These  sand-hill  streams  are,  of  course,  not  subject  to  such  heavy  freshets  as  ordinary  streams.  Big 
Rockflsh  has  been  known  to  rise  14  feet,  but  10  feet  is  a  very  large  rise,  while  Little  Rockflsh  rises  only  6  or  7  feet. 
There  is,  however,  not  much  land  overflowed.  The  smaller  streams,  however,  are  sometimes  bordered  by  wet 
grounds,  heavily  wooded  and  overgrown,  nearer  the  general  surface  of  the  ground,  and  lying  high  above  the  beds 
of  the  main  streams.  Though  the  sand-hills  are,  as  a  rule,  well  wooded,  the  woods  have  in  parts  been  cut  down 
to  a  considerable  extent,  and  it  is  stated,  and  doubtless  truly,  that  the  flow  of  the  streams  in  these  sections  is  more 
variable  than  formerly. 

Regarding  available  power  on  these  streams  it  was  difficult  to  obtain  much  information,  owing  to  the  fact 
that  the  streams  have  a  uniform  declivity,  with  no  falls,  so  that  power  may,  as  a  rule,  be  obtained  at  almost  any 
point  where  the  banks  are  favorable  for  the  location  of  a  dam  and  buildings. 

The  drainage-basin  of  Rockflsh  creek  lies  below  the  fiiU-line;  and  the  stream  has  no  falls,  but  a  gradual  declivity, 
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The  map  sliows  the  general  form  aud  position  of  the  basin.  Like  the  others  of  this  class,  it  has  no  lakes,  but  the 
facilities  for  constructing  reservoirs  are  tolerably  good.  The  banks  are  moderately  high,  and  seldom  overflowed  j 
the  rise  in  freshets  is  small,  the  flow  very  constant  and  strong,  and  the  fall  rapid.  The  rainfall  is  about  4C  inches,  12 
in  spring,  13  in  summer,  10  in  autumn,  aud  11  in  winter — a  distribution  which,  of  itself,  would  tend  to  render  the 
flow  constant.  The  stream  is  used  for  rafting,  and  there  are  no  mills  on  it  for  15  miles  from  its  mouth,  although 
formerly  there  were  one  or  two  saw-mills  below  the  mouth  of  Little  Eockfish,  and  above  that  are  a  few  small 
country  saw-  and  grist-mills,  herein  tabulated.  Of  the  available  power  of  this  stream  a  very  small  proportion  is 
utilized.  Some  of  its  tributaries,  however,  are  well  utilized.  The  most  important  is  Little  Eockfish  creek,  which  is 
the  same  in  general  character  as  the  main  stream,  which  it  enters  about  7  miles,  in  a  straight  line,  from  the  Cape  Fear. 
The  first  power  on  this  stream  is  an  unimproved  site  formerly  occupied  by  Murphy's  paper-mill,  with  18  feet  fall, 
and  an  available  power,  at  all  seasons,  of  at  least  100  horse-power  net  (with  good  wheels),  judging  by  the  power  used 
at  the  other  mills  on  the  stream.  This  power  is  one-fourth  of  a  mile  from  the  mouth  of  the  stream,  with  no  important 
tributaries  below  it.    The  drainage  area  above  is  therefore  about  77  square  miles. 

About  IJ  miles  above  this  site  is  the  Hope  mill  of  the  Eockfish  Manufacturing  Company  (T.  Campbell  Oakmau, 
president*),  a  cotton-mill,  with  grist-  and  saw-mill  attached,  using  a  power  of  about  130  horse-power,  with  a  fall 
of  23J  feet.  The  dam  is  of  wood,  53  feet  long  and  20  feet  high,  rebuilt  in  1872  at  a  cost  of  about  $2,000,  and 
ponding  the  water  over  about  200  acres  to  a  depth  of  7  feet.  A  race  300  feet  long  leads  to  the  wheel.  -  No  steam 
is  used  for  power,  and  by  storing  the  water  during  the  night  full  capacity  may  be  obtained  at  all  seasons,  the  factory 
being  run  during  12  hours.  Mr.  Oakman  has  carefully  measured  the  water  used  by  his  wheels,  and  states  it  to  be 
89.7  cubic  feet  per  second,  saving  the  water  at  night;  *.  e.,  the  natural  fiow  of  the  stream  is  never  less  than  44.5 
cubic  feet  per  second.  The  drainage  area  above  the  mill  being  about  70  square  miles,  the  stream  discharges  at  its 
minimum  0.63  cubic  foot  per  second  per  square  mile — a  remarkable  discharge. 

A  mile  and  a  half  above  Hope  mill  is  the  Bluff  mill  (H.  &  E.  J.  Lilly),  a  cotton  factory,  with  a  fall  of  9  feet, 
using  57  horse-power.  The  dam  is  earth,  900  feet  long,  10  feet  high,  built  in  1872,  and  costing  $5,000,  and  the  pond 
covers  75  acres  to  an  average  depth  of  8  feet.  Pull  capacity  can  be  secured  the  whole  year.  The  drainage  area 
above  being  about  55  square  miles,  the  discharge  of  the  stream  should  be  very  nearly  0.C3  cubic  foot  per  second  per 
square  mile  to  give  the  power  stated  if  the  water  is  stored  at  night. 

The  only  other  power  worth  mentioning  specially  is  the  Beaver  Creek  mill  (H.  &  E.  J.  Lilly),  just  above  the  Blulf 
mill,  situated  ou  Beaver  creek,  a  tributary  of  the  Little  Eockfish — a  cotton-mill,  using  111  horse-power  and  a  fall  of 
14  feet.  The  dam  is  earth,  1,500  feet  long,  14  feet  high,  built  in  1841 ,  and  ponding  the  water  over  200  acres  to  a  depth 
of  12  feet.  A  race  100  feet  long  leads  to  the  mill.  Full  capacity  can  be  secured  the  entire  year.  A  calculation,  on 
these  data,  gives  the  discharge  of  the  stream  so  great  that  I  am  inclined  to  think  that  some  of  the  figures  must  be 
erroneous.  In  fact,  the  amount  of  machinery  run  in  the  mill  is  not  much  greater  than  in  the  Bluff  mill,  according 
to  the  ''  Hand-book  of  the  Department  of  Agriculture  ". 

Above  the  Bluff  mill  the  Little  Eockfish  and  its  tributaries  are  well  utilized  by  a  number  of  small  saw-  and 
grist-mills. 

Above  the  Eockfish  there  are  a  number  of  smaller  streams  belonging  to  the  same  class  which  flow  into  the  Cape 
Fear,  two  of  which  empty  almost  in  the  town  of  Fayetteville,  and  on  which  there  were  four  factories  before  the  war, 
but  the  powers  are  small— not  over  20  or  30  horse-power  probably.  There  are  some  small  grist-mills  on  all  these 
streams,  general  ly  running  two  pair  of  stones.  About  7  miles  above  Fayetteville  there  is  a  small  tributary  (Carver's 
creek)  which,  near  its  mouth,  falls  over  a  ledge  of  hard  pan  and  soft  rock  a  distance  of  18  or  20  feet,  but  ih  dry 
weather  there  is  hardly  any  water  in  the  stream.  The  next  important  stream  above  Eockfish  is  Lower  Little  river,, 
which  rises  in  Moore  county  and  flows  east  through  Cumberland,  and  between  Cumberland  and  Harnett,  emptying 
iiito  the  Cape  Fear  below  Ap^erysboro'.  Its  length  is  45  miles  in  a  straight  line,  and  its  drainage  area  about  448 
square  miles.  The  principal  town  on  the  stream  is  Manchester,  a  very  small  place.  This  stream,  with  its  tributaries, 
may  be  classed  among  the  sand-hill  streams,  but  its  basin  lies  near  the  upper  limit  of  the  sand-hill  belt,  aud  so  the 
general  character  of  the  sand-hill  streams  (like  the  Eockfish)  is  not  so  pronounced  here,  the  flow  being  not  quite 
so  constant  and  the  freshets  rather  more  violent,  the  water  rising  some  15  feet.  The  banks  are  high  and  well 
wooded,  and  the  bed  of  the  stream  the  same  as  has  been  described ;  the  country,  as  a  whole,  is  not  so  sandy.  The 
fall  of  the  stream  is  uniform,  and  at  the  rate  of  3J  feet  per  mile.t    I  have  estimated  the  flow  as  follows : 


Drainage 
area. 

Mow  per  second. 

Horse-po-wcr,  gross. 

Utilized.                !  „ 

1  Gross    liorse- 

Place. 

Minimum. 

Ordinary 
summer. 

Minimum. 

Ordinary 
summer. 

Horse-power, 
net. 

power  avail- 
able,    with 
Fall.               fall  used. 

Square  mUee. 
448 

329 

Oubiefeet. 
224 

164 

Ouiio  feet. 
336 

246 

Per  foot  fall. 
25.4 

18.6 

Per  foot  faU. 
38.2 

28.0 

lOO-l- 
20 

Feet. 

12. 0                         804 

3.5                           65. 

•  I  am  indebted  to  Mr.  Oakman  for  most  of  my  information  regarding  the  streams  in  this  vicinity. 

t  The  elevation  above  tide  at  crossing  of  Ealeigh  and  Augusta  Air-Line  railroad  is  .about  221  feet,  and  at  mouth  say  31  feet, 
measured  from  map,  is  about  55  miles. 
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In  the  foregoing  estimate  0.5  cubic  foot  por  second  per  square  mile  was  assumed  as  the  minimum  flow,  and 
0.75  cubic  foot  per  second  per  square  mile  as  the  ordinary  low- water  flow.  These  figures  are  very  high — perhap.s 
too  high — but  a  series  of  gaugings  only  ciiu  serve  as  a  correct  guide. 

The  power  of  the  stream  is  utilized  by  one  cotton  factory  and  a  number  of  saw-  and  grist-mills.  The  first  mill 
is  2i  miles  from  the  mouth,  with  a  fall  of  12  feet,  not  subject  to  interruption,  except  sometimes  for  a  day  or  two  by 
backwater  from  the  Cape  Fear.  At  Manchester  is  the  cotton-  and  woolen-mill  "of  the  Linwood  Manufacturing 
Company,  using  a  fall  of  3i  feet  and  about  20  horse-power.  The  Manchester  mill,  a  cotton  factory  of  about  the 
same  size,  uses  power  from  a  small  tributary.  There  are  doubtless  many  places  on  Lower  Little  river  where  dams 
might  be  located  and  excellent  power  obtained. 

Upper  Little  river  is  a  stream  similar  to  Lower  Little  river,  except  that  it  is  still  less  of  a  sand-hill  stream,  and 
said  to  be  not  so  bold  or  so  reliable  as  the  latter.  It  is  only  used  for  saw-  and  grist-mills,  and  there  are,  no  doubt, 
sites  not  used.  Each  of  these  streams  is  about  100  feet  wide  at  its  mouth.  The  length  of  Upper  Little  river  is 
about  32  miles,  measured  in  a  straight  line,  its  drainage  area  176  square  miles,  and  its  fall,  from  the  crossing  of 
the  Ealeigh  and  Augusta  Air-Line  railroad  to  its  mouth,  about  290  feet,  or  perhaps  at  the  rate  of  6  feet  or  over  to 
the  mile. 

Above  Upper  Little  river  there  are  no  tributaries  to  the  Cape  Fear  which  are  worth  mentioning  specially^ 
although  there  are  some  small  creeks  which  afford  good  small  powers,  and  are  utilized  for  grist-  and  saw-mills. 

HAW  EIVEE. 

This  river  rises  in  Eockingham  and  Guilford  counties,  North  Carolina,  pursues  a  general  southeasterly  course 
through  Alamance,  a  corner  of  Orange,  and  Chatham  counties,  and  in  the  southeastern  corner  of  the  latter  unites 
with  the  Deep  river  to  form  the  Cape  Fear,  which  has  just  been  discussed.  The  length  of  the  stream,  following 
its  general  course,  is  about  80  miles,  but  considerably  more  if  all  its  windings  are  followed.  Near  the  northwest 
corner  of  Alamance  county  the  river  forks,  the  north  fork  going  by  the  name  of  Haw  river,  while  the  south  fork  is 
known  as  the  Eecdy  fork  of  Haw  river.  The  Eeedy  fork,  as  well  as  the  north  fork  in  its  upper  parts,  flows  nearly 
east,  but  the  course  of  the  stream  below  the  junction  of  the  two  is  nearly  southeast.  There  are  no  large  towns  on 
the  river,  but  Graham,  the  county-seat  of  Alamance  county,  is  only  a  mile  or  so  distant. 

The  drainage  area  of  the  Haw  river  comprises  about  1,675  square  miles,  and  the  stream  receives  two  important 
tributaries :  the  New  Hope  creek,  from  the  east,  draining  about  317  square  miles,  entering  about  3  miles  above  the 
junction  of  Haw  and  Deep  rivers,  and  Alamance  creek,  from  the  west,  draining  about  237  square  miles,  and  enters 
the  Haw  river  about  4  miles  south  of  Graham.  The  Eeedy  fork  receives  as  its  principal  tributary  Buffalo  creek,  from 
the  south,  draining  about  128  square  miles,  and  the  north  fork  receives  Troublesome  creek,  from  the  north,  with 
a  drainage  area  of  about  88  square  miles.    The  map  shows  the  position  of  all  these  streams. 

Haw  river  flows  through  a  fertile  country  lying  in  the  center  of  the  cotton-belt,  and  the  productions  of  which 
are  about  the  same  as  along  the  upper  part  of  the  Cape  Fear,  viz :  corn,  cotton,  wheat,  oats,  rye,  tobacco,  grasses, 
a  great  variety  of  vegetables,  and  fruits.  It  is  tolerably  well  wooded,  although  not  enough  care  is  taken  to  preserve 
the  forests.  Topographically,  the  region,  especially  in  the  lower  part,  is  more  broken  than  the  drainage-basins  of 
the  Neuse,  the  Tar,  or  the  Eoanoke  rivers.  The  mineral  resources  of  the  basin  are  very  great,  iron  being  found  in 
various  places  in  large  quantities,  and  of  very  fine  quality.  Copper  has  also  been  found,  but  the  mines  have  been 
little  worked.  Building-stone  of  good  quality  is  found  all  through  the  basin.  In  fact,  in  regard  to  building-stone  in 
the  middle  and  western  divisions  of  the  southern  Atlantic  water-shed,  as  Professor  Kerr  has  remarked,  "it  would 
be  tedious  to  particularize,  as  granite  and  gneiss  are  everywhere." 

The  bed  of  the  stream  is  generally  rock,  covered  in  places  with  deposits  of  sand,  gravel,  or  clay,  but  affording 
almost  everywhere  excellent  foundations  for  dams.  The  banks  on  the  lower  part  of  the  stream  are  tolerably  high, 
in  some  places  very  steep,  and  the  bottoms  are  narrow  and  not  much  subject  to  overflow,  while  in  the  upper  part 
of  the  stream,  where  the  country  is  not  so  broken,  the  banks  are,  in  places,  low.  In  the  upper  parts  of  Alamance 
and  Guilford  counties  the  country  is  much  flatter  than  in  Chatham  county.  The  stream  is  subject  to  very  heavy 
freshets,  and  there  are  no  lakes  serving  to  restrain  their  violence;  but  the  stream  is  rarely  frozen  over,  and  the  mills 
suffer  no  trouble  with  ice.  Some  of  the  tributaries  of  the  stream  rise  in  a  region  where  the  prevailing  rock  is  a 
slate,  which  is  covered  with  a  thin  soil  and  sometimes  with  none  at  all ;  and  from  this  region  the  rain-water  is  shed 
very  rapidly,  so  that  these  streams  are  nearly  dry  in  summer.  But  Haw  river  is  less  affected  in  this  way  than 
Deep  river,  because  only  a  few  of  its  tributaries  rise  in  this  region,  in  consequence  of  which  the  latter  stream  is 
said  to  be  more  variable  in  flow  and  more  subject  to  freshets  than  the  former.  The  facilities  for  the  construction 
of  storage-reservoirs  are  said  to  be  good  in  the  upper  part  of  the  stream,  though  I  do  not  know  that  any  surveys 
or  examinations  have  ever  been  made  with  a  view  to  determining  this  point  accurately. 

The  rainfall  in  the  valley  of  the  Haw  river  is  about  45  inches,  distributed  as  follows:  spring,  12;  summer,  12; 
autumn,  11;  winter,  10;  its  distribution  throughout  the  year  being  quite  uniform,  judging  from  the  chart  published 
by  the  Smithsonian  Institution. 
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The  fall  of  the  stream  between  different  points  will  be  seen  from  the  following  table,  which  gives  the  elevation 
at  several  points;  and  it  will  be  remarked  that  the  fall  of  the  stream  is  quite  large  for  one  not  rising  in  the  mountains, 
being  much  larger  than  that  of  any  stream,  or  of  any  part  of  a  stream,  which  we  have  yet  considered,  which  lies  in 
the  middle  division: 

Table  of  declivity — Saw  River. 


Place. 


At  confluence  with  Deep  river 

At  crossing  of  liTorth  Carolina  railroad  t 

Eeedy  fork,  at  crossing  of  Piedmont  Air- Line 

Haw  river  (North  Fork),  at  crossing  of  Piedmont  Air-Line  . 


Distance  from 
mouth.* 


Miles. 


Elevation 
above  tide. 


Feet. 


130 
450 
676 
047 


Distance  be- 
tween points. 


MUes, 


Fall  between 
points.* 


Feet. 


320 
226 
197 


Fall   between 

points  per 

mile. 


Feet. 


6.4 

7.5 
7.3 


*  Distances  based  on  measurements  from  a  map,  made  to  follow  the  windings  as  closely  as  was  practicable, 
t  Baaed  on  a  rough  estimate  of  the  height  of  the  railroad  bridge  above  water. 

The  flow  of  the  stream  in  different  seasons  is  not  known  with  accuracy.  Professor  Kerr  states  the  flow  at  its 
mouth  to  be  1,760  cubic  feet  per  second,  but  as  this  is  not  low-water,  and  probably  more  nearly  the  average  flow, 
it  is  of  no  value  for  our  computations.*  I  am  therefore  forced  to  base  my  figures,  as  usual,  on  estimates  from 
drainage  area  and  rainfall. 

Haw  river  (crossed  almost  at  right  angles  by  three  railroads)  is  not  very  accessible.  Especially  is  this  the 
case  with  that  part  of  the  river  below  the  crossing  of  the  Forth  Carolina  railroad  at  Haw  river,  in  Alamance 
county,  while  above  that  point  the  stream  is,  on  the  average,  about  8  miles  from  the  railroad,  to  which  the  Eeedy 
fork  runs  nearly  parallel.  A  railroad  has  been  projected  to  run  from  the  junction  of  Haw  and  Deep  rivers  up  the 
valley  of  the  Haw,  starting  from  Moncure,  following  the  river  to  a  point  about  6  miles  above  the  crossing  of  the 
North  Carolina  railroad,  and  then  passing,  via  Tanceyville,  Caswell  county,  to  Danville,  Virginia.  The  charter 
has  been  obtained,  but  no  surveys  have  yet  been  made;  and  although  subscription-books  have  been  opened,  there 
has  not  yet  been  a  meeting  to  organize. 

The  foregoing  general  sketch  shows  that  the  Haw  river  ought  to  afford  a  great  deal  of  water-power  on  account 
of  its  rapid  fall  and  the  fact  that  it  crosses  the  ledges  of  rock  at  large  angles,  and  the  following  account  of  the  power 
on  the  stream  will  show  that  this  is  the  case,  and  that  the  Haw  river  is  well  fitted,  in  some  respects,  to  become  a 
large  manufacturing  stream,  and  indeed  it  is  at  the  present  time  one  of  the  principal  manufacturing  streams  of  the 
state.  ■ 

Commencing  at  the  mouth  of  the  river,  the  water-powers  met  with,  in  ascending  the  stream,  will  now  be 
described. 

The  first  power  is  situated  3  miles  from  the  junction,  and  just  below  the  mouth  of  New  Hope  river.  It  is 
utilized  by  a  mill  belonging  to  the  American  Iron  and  Steel  Company,  and  known  as  the  "Bland  mill"-  The  banks 
on  the  east  are  favorable  for  building,  and  not  often  subject  to  overflow,  while  on  the  west  rises  a  rocky  bluff  to  a 
height  of  over  a  hundred  feet.  Diagonally  across  and  up  the  river  from  the  east  bank  to  this  rocky  bluff"  extends 
the  dam,  a  wooden  structure,  300  feet  long,  7  feet  high,  vertical  in  front,  but  sloping  downward  on  the  up-stream 
side,  and  throwing  the  water  back  for  over  a  mile,  with  an  average  width  of  200  feet,  the  river  not  being  thrown 
out  of  its  banks.  At  the  east  end  of  the  dam  is  the  mill,  a  grist-mill,  running  two  pair  of  stones,  with  7  feet  fall, 
and  using  perhaps  20  horse-jjower  net.  This  mill  can  run  during  eleven  months  of  the  year,  but  during  the 
remaining  month  is  troubled  with  backwater  on  account  of  the  small  fall.  There  is  at  all  times,  of  course,  a 
great  excess  of  water.  In  the  summer  of  1880  about  80  feet  of  the  dam  at  the  western  extremity  was  undermined 
and  carried  away  by  a  freshet,  but  has  since  been  rebuilt.  The  dam  as  it  stands  would  probably  cost  some  $2,000. 
The  river  here  is  about  250  feet  wide,  and  the  water  rises  very  high  in  freshets,  sometimes  30  or  40  feet,  but  there 
is  no  trouble  with  ice.  The  drainage  area  above  this  power  being  about  1,675  square  miles,  I  have  estimated  the 
power  as  in  the  following  table : 

I  Table  of  power  at  the  Bland  mill. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season 

Maximum,  with  storage  . 
Low  season,  dry  years  .-. 


Drainage 
area. 


Fall. 


Feet. 


Flow  per 
second. 


Cubic  feet. 

r  280 

I  335 

I  1,340 

380 


Horse-power  available 
gross. 


Ifootfall.  Tfeetfall. 

32. 3  225 

38. 0  270 

152.0  1  1,050 


43.5  , 


300 


'  Professor  Kerr's  statement  is  that  the  river  affords  200  horse-power  per  foot  of  fall  at  its  mouth.     (Gool.  Eep.,  p.  39. ) 
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The  effect  of  the  uniform  distribution  of  the  rainfall  is  to  render  the  flow  more  variable  and  to  decrease  the 
minimum  flow,  while  at  the  same  time  the  total  amount  of  power  or  flow  available,  with  storage,  is  increased  beyond 
what  it  would  be  were  the  summer-fall  greater.  It  was  stated  to  me  as  a  fact  that  the  flow  of  this  stream  is  very 
variable.  The  maximum  flow  given  as  available,  with  storage,  would  require  the  construction  of  storage-reservoirs 
with  a  capacity  in  all  of  at  least  900,000,000  cubic  feet,  which  would  require,  for  instance,  if  only  one  reservoir  were 
used,  one  of  say  2  miles  square  and  between  8  and  9  feet  deep.  Such  a  large  amount  of  storage  would,  of  course, 
be  very  expensive.  The  pond  at  the  Bland  mill  is,  of  course,  not  large  enough  to  furnish  any  appreciable  storage, 
or  to  allow  of  the  concentration  of  the  available  power  into  working  hours.  The  site  is  not  an  especially  good  one 
for  large  establishments  on  account  of  the  small  fall  and  the  trouble  resulting  from  backwater.  It  is,  ho^v'ever, 
very  favorably  located  within  a  few  miles  of  the  Ealeigh  and  Augusta  Air- Line  railroad,  and  in  a  healthy  part  of 
the  state. 

The  next  power  above  this  is  situated  about  2  miles  further  up  the  stream,  and  is  not  improved.  It  is  known 
as  Hartsaw's  site,  and  it  is  said  that  the  available  fall  amounts  to  6  feet.  Being  above  the  mouth  of  the  New  Hope, 
the  drainage  area  amounts  to  about  1,320  square  miles,  and  the  power  available  will  be  about  0.67  of  that  at  the 
Bland  mill,  or  as  follows : 

Power  at  Hartkavi's  site. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season  . . . 
Maximnm,  with  storage 
XiOw  season,  dry  years  .  - 


Drainage 
area. 


8q.  miles. 


1,320 


Eall. 


Flow  per 
second. 


OvMcfeet. 

218 

264 

1,060 

300 


Horse-power    available, 
gross, 


1  foot  fall 

24.7 

30.0 

120.0 

34.0 


6  feet  fall. 
150 
180 
72a 
20ft 


The  next  power  is  Moore's  mill,  improved  and  in  use,  situated  some  3  miles  above  Hartsaw's.  There  is  no  dam, 
but  a  race  some  200  yards  long  leads  to  the  mill — a  grist-mill,  with  2  or  3  run  of  stones,  together  with  a  sawmill, 
cotton-gin^  and  foundry,  using  a  fall  of  some  10  feet  (?)  and  a  small  amount  of  power.  The  shoal  is  about  a  mile 
long,  and  the  total  fall  is  said  by  good  judges  to  be  about  22  feet;  but  I  did  not  examine  the  place,  and  am  not  able 
to  vouch  for  this  statement.  In  dry  weather  a  rough  dam  of  stone  turns  the  water  into  the  race,  but  this  is 
disturbed  in  freshets,  and  in  ordinary  times  is  not  necessary.  The  power  used  I  am  unable  to  state  exactly ;  that 
available,  assuming  the  fall  to  be  22  feet,  is  estimated  in  the  following  table : 

Power  at  Moords  mill. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


FaU 
assumed 


Flow  per 
second. 


Horse-power   available, 
gross. 


Minimum 

Minimum  low  season  .. 
Maximum,  with  storage 
Low  season,  dry  years.  . 


Sq.  milei. 
1 


Feet. 


Cubic  feet. 

214 

260 

1,040 

296 


IfootfaM. 

24,0 

30.0 

118.0 

33.7 


22  feet  fall. 

525 

600 

2,600 

740 


This  site,  one  of  the  best  on  Haw  river,  is  quite  easily  accessible,  being  only  about  six  miles  from  the  Ealeigh 
and  Augusta  Air-Line  railroad,  and  about  the  same  distance  from  Pittsboro',  the  county -seat  of  Chatham  county. 
It  is  well  worthy  of  the  attention  of  capitaUsts  desiring  to  locate  in  this  vicinity. 

The  next  power  above  Moore's  is  about  2  miles  above,  an  unimproved  site,  with  a  fall  said  to  amount  to  8  feet. 
The  power  here  will  be  a  very  little  over  one-third  of  that  at  Moore's,  and  is  given  in  the  table  beyond,  with  a 
summary  of  all  the  others. 

Next  comes  a  second  unimproved  site,  known  as  the  Seven  Island  shoal,  where  the  fall  is  said  to  be  7  feet.  It  is 
2  miles  above  the  one  last  mentioned,  and  the  power  is  tabulated  beyond. 

Next  comes  the  miU  and  site  of  Stephen  Henley,*  about  1^  miles  above  Seven  Islands,  and  just  about  on  the  road 
from  Pittsboro'  to  Ealeigh,  and  12  or  13  miles  from  the  mouth  of  the  stream.  A  wing-dam  500  feet  long  and  3^ 
feet  high  extends  across  to  an  island  and  serves  to  turn  the  water  into  the  race,  which  carries  it  about  100  yards, 
affording  a  fall  at  the  mill  of  8  feet.  The  dam  was  built  in  1874  and  1875  at  a  cost  of  some  $500,  and  is  of  rock, 
planked  over,  and  backs  the  water  some  600  feet.  The  mill  is  a  grist-mill,  and  uses  about  50  horse-power.  It  is 
situated  on  the  west  bank,  but  the  principal  channel  of  the  river  is  on  the  east  side  of  the  island  above  referred  to, 


*  To  Mr.  Henley  I  am  indebted  for  the  greater  part  of  my  information  regarding  this  part  of  the  Haw  river. 
acquainted  with  the  water-power  in  this  vicinity. 


Mr.  Henley  is  thoroughly 
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which  is  about  half  a  mile  long.    Mr.  Henley  estimates  the  fall  at  this  place  at  about  16  feet.    Taking  this  estimate 
as  correct  (though  1  cannot  vouch  for  it),  the  available  power  at  this  place  may  be  estimated  as  follows : 


Table  of  power 

at  Renley^s  mill. 

state  of  flow  (see  pages  18  to  21). 

Drainage 
area. 

FaU 
assnmed. 

Flow  per 
second. 

Horse-power  available, 

gross. 

Sq.  miles. 
1, 285 

Feet. 
16 

Cubic  feet. 

200 

260 

1,040 

295 

I  foot  fan. 

22.7 

30.0 

118.0 

33.7 

le  feet  fall. 
3?0 

480 

1,888 

540 

The  next  power  is  Brown's  miU,  where  there  is  said  to  be  about  7  or  8  feet.  I  have  no  further  particulars 
regarding  this  place.  It  is  about  1|  miles  above  Henley's,  and  the  power  is  tabulated  beyond.  The  power  is  said 
to  be  not  in  use  at  present. 

The  next  is  an  unimproved  fall  of  some  8  feet,  belonging  to  the  Bynum  Manufacturing  Company,  formerly  used, 
but  now  altogether  abandoned.    The  estimated  power  is  given  in  the  table. 

We  next  come  to  the  cotton-mill  of  the  Bynum  Manufacturing  Company,  about  4  miles  above  Henley's  mill.  The 
dam  is  of  wood,  built  in  1860  at  a  cost  of  $500,  and  is  475  feet  long  and  3  feet  high,  ponding  the  water  over  10  (?) 
acres.  A  race  600  yards  long  leads  to  the  mill,  where  the  fall  is  16  feet,  and  80  horse-power  is  used.  The  mill  is 
run  night  and  day,  and  water  always  wastes.    The  following  table  gives  my  estimate  of  iiow  and  power : 

Table  ofpoicer  at  mill  of  Bynum  Manufacturing  Company. 


state  of  flow  (see  pages  18  to  21). 


Drainage 


Fall. 


Flow  per 
second. 


Horsepower  available, 
gross. 


Minimiira 

Minimum  low  season 

Maximum,  with  storage 
Low  season,  dry  years . . . 


.  ■miles. 
1,260 


Feet. 
16 


Ifootfall. 
23.4 


16  feet  fail. 
375 

28.4  i  450 

113.  6  I  1,  825 

32.4  1  510 


One  mile  or  less  above  Bynum's  is  R.  J.  Powell's  mill-site,  the  mill  having  been  recently  burnt.  The  dam  is  of 
wood  and  stone,  and  extends  entirely  across  the  river,  and  a  fall  of  about  7  feet  was  used. 

Less  than  a  mile  above  Powell's  is  Burnett's  unimproved  site,  where  the  available  fall  is  said  to  be  about  6  feet. 

A  short  distance  above  this  is  Pace's  mill.  The  dam  is  300  feet  long,  from  which  a  race  450  feet  long  leads 
to  the  mill,  where  a  fall  of  12  feet  is  used.  Mr.  Pace  has  a  flour-  and  corn-mill,  with  four  pair  of  stones,  a  saw-mill, 
wagon-shop,  and  blacksmith-shop.  He  writes  that  upon  his  property,  which  extends  for  three-quarters  of  a  mUe 
along  the  river,  there  are  two  sites  not  used — one  below  the  mill,  with  10  feet  fall,  and  another  above,  with  13  feet 
fall — available,  with  a  dam  4  feet  high,  600  feet  long,  and  a  race  600  feet  long. 

Table  of  power  at  Pace's  mill. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


FaU. 


Flow  per 
second. 


Horse-power  available, 
gross. 


Minimum 

Minimum  low  season . . . 
Maximum,  wltb  storage 
iow  season,  dry  years . . 


Sq.  miles. 
209 


1    " 


Feet. 


12 


Onhiefeet. 
192 
237 
980 
273 


Ifootfall. 

21.8 

27.0 

111.3 

31.0 


n  feet  fall. 

2S0 

325 

1,335 

370 


The  next  mill  above  Pace's  is  Love's,  about  three  miles  above,  but  between  the  two  it  is  said  that  there  are 
several  sites  not  used.  The  river  is  said  to  be  quite  rapid  at  this  point  of  its  course.  At  Love's  mill  there  is  a  dam 
across  the  river  700  feet  long,  and  the  fall  at  the  mill  is  said  to  be  11  feet,  the  mill  being  a  grist-  and  saw-mill. 
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Table  of  power  at  Love's  mill. 


67 


state  of  flow  (see  pages  18  to  21). 


Minimiuu 

Minimum  lowaeason  ... 
Maximum,  ■witli  storage 
Low  season,  dry  years. . . 


Drainage 
area. 


Sq,  miles. 


Fall. 


Feet. 


Flow  per 
aecona. 


Cubic  feet. 

1184 
230 
975 
260 


Horee-power  available, 
gross. 


1  footfall. 
20.9 
26.1 
110.8 
29.6 


11  feet  fall. 

230 

280 

1,220 

320 


Above  Love's  mill  we  come  to  several  unimi^roved  sites,  among  which  mention  was  made  of  Jeanes'  and  Stephen 
Eobinson's,  but  the  first  improved  power  above  is  some  ten  miles  farther  up,  in  Alamance  county,  near  the  Orange  line. 
Before  leaving  Chatham  county  it  may  be  said  that,  according  to  the  foregoing,  it  is  clear  that  Haw  river  offers  a  very 
large  amount  of  power  in  its  course  through  the  county,  very  little  of  which  is  utilized,  but  a  large  proportion  of 
which  is  available.  The  bed  and  banks  are  almost  everywhere  good,  the  country  hilly,  but  not  mountainous,  and 
the  climate  healthy.  A  disadvantage  in  the  use  of  the  small  falls  which  have  been  mentioned  lies  in  the  sudden 
and  large  rise  to  which  the  river  is  subject  on  account  of  the  narrowness  of  the  bottoms.  Although  in  some  places 
the  fall  is  considerable  in  a  short  distance,  yet  on  the  whole  the  declivity  of  the  stream  seems  to  be  tolerably  uniform, 
while  the  width  of  the  stream  seems  to  be  on  an  average  some  400  feet  or  more.  I  desire  to  expressly  state  here, 
however,  that  none  of  the  data  given  regarding  Haw  river,  except  the  facts  regarding  the  Bland  mill,  were  derived 
from  personal  examination,  for,  on  account  of  their  inaccessibility,  I  did  not  visit  any  sites  except  the  one  mentioned. 

The  next  power  above  Love's  mill  is  Saxapahaw  factory,  near  Saxapahaw.  The  dam  extends  entirely  across  the 
stream,  and  is  about  375  feet  long  and  3  feet  high,  built  of  wood  in  1878  and  1879,  and  backing  the  water  about  a 
mile,  withan  average  width  of  350  feet.  A  race  half  a  mile  long  leads  to  the  factory,  where  45  horse-power  is  used, 
with  19  feet  fall.  The  mill  is  a  cotton-mill,  run  night  and  day.  Estimates  of  the  power  will  be  found  in  sufficient 
detail  in  the  table  giving  the  summary.  This  mill  being  above  the  mouth  of  the  Big  Cane  and  several  other 
creeks,  the  stream  is  considerably  smaller  than  at  Love's. 

The  next  power  above  Saxapahaw  is  Newlin's  grist-mill.  The  dam  is  of  wood  and  stone,  600  feet  long  and  6 
feet  high,  built  iu  1875  at  a  cost  of  $3,500;  and  from  it  leads  a  race,  485  yards  long  and  10  feet  wide,  conducting  the 
water  to  the  mill,  where  the  fall  is  10  feet,  -the  power  used  being  probably  some  40  horse-power  net,  with  three 
turbine-wheels.  The  pond  covers  some  30  or  40  acres,  with  an  average  depth  of  6  feet  or  over,  but  the  stream  is  not 
thrown  out  of  its  banks.  This  power  is  located  near  the  town  of  Cedar  Cliffs,  Alamance  county,  and  this  property, 
with  350  acres  of  land,  is  for  sale.     1  have  estimated  the  power  iu  the  table  on  page  68. 

The  next  power  is  an  unimproved  site  belonging  to  the  Falls  of  Neuse  Manufacturing  Company,  where  there  is 
said  to  be  10  feet  fall.    A  grist-mill  was  formerly  located  here. 

The  next  mill  is  the  cotton  factory  of  the  Falls  of  Neuse  Manufacturing  Company,  at  Swepsonville,  Alamance 
county.  The  dam  is  of  wood,  550  feet  long,  5J  feet  high,  built  in  1876  at  a  cost  of  about  $3,000,  and  from  it  a  race 
450  feet  long  leads  to  the  mill,  where  the  fall  is  13  feet,  and  the  power  used  150  horse-power.  Full  capacity  can  be 
obtained  all  the  time.  The  factory  is  run  night  and  day.  Connected  with  it  is  a  grist-  and  a  saw-mill.  The  factory 
was  burned  in  June,  1881,  but  is  being  rebuilt. 

We  next  come  to  the  Granite  cotton-mills  of  T.  M.  Holt,  at  Haw  river,  just  above  the  crossing  of  the  North 
Carolina  railroad.  The  dam  was  built  in  1857,  and  is  constructed  of  crib-work  filled  with  rock.  Its  length  is  350 
feet,  and  its  height  about  10  feet;  and  it  backs  the  water  some  2  miles,  but  does  not  throw  the  river  out  of  its  banks 
to  any  extent.  The  factory  is  located  directly  at  the  dam,  on  the  east  side  of  river,  and  the  power  used  is  100  horse- 
power, with  a  fall  of  llj  feet,  there  never  being  any  scarcity  of  water.  My  estimate  of  the  power  is  given  in  the 
summary. 

At  the  head  of  Mr.  Holt's  pond  is  Seller's  mill,  a  site  not  now  used,  and  owned  by  the  Falls  of  ]N"euse 
Manufacturing  Company ;  said  to  have  about  12  feet  fall. 

At  Big  Falls,  3  miles  from  Graham  station,  on  the  North  Carolina  railroad,  Mr.G.  W.  Swepson,  of  Ealeigh,  is 
building  a  cotton  factory-,  to  use  13  feet  fall,  and  expecting  to  get  150  horse-power  all  the  time.  If  my  estimates 
given  iu  the  summary  are  correct,  this  will  be  obtained  only  part  of  the  time  unless  the  pond  is  large.  There  was 
formerly  a  cotton-mill  at  this  place,  but  it  was  burned  down. 

About  half  a  mile  above  Big  Falls  are  the  Carolina  cotton-mills  (J.  H.  &  W.  E.  Holt  &  Co.).  The  dam  was  built 
in  1868,  and  is  a  frame  dam,  with  stone  abutments,  about  240  feet  long  and  4  feet  high,  making  a  pond  of  3  acres, 
and  giving  a  fall  of  15  feet  at  the  mills,  three-fourths  of  a  mile  below.  A  power  is  used  of  110  horse-power,  which 
can  be  obtained  all  the  time,  and  without  drawing  down  the  water  in  the  pond  much  in  the  12  hours  during 
which  the  mill  is  run. 

Half  a  mile  above  a  cotton  factory,  to  be  called  Glencoe  mills,  is  being  built  by  J.  H.  Holt  &  Bro.,  on  a  site 
formerly  occupied  by  the  Company  mills  (cotton).     The  dam,  constructed  of  stone  and  logs,  was  built  long  ago,  and 
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is  about  250  feet  long  and  8  feet  high,  giving  a  fall  of  13^  feet,  with  a  race  400  yards  long,  it  is  expected  to  obtain 
152  liorse-power  at  all  times,  but  according  to  my  estimates  I  doubt  if  this  can  be  done  unless  the  pond  is  large. 

Two  and  a  half  miles  north  of  the  company's  shops,  on  the  North  OaroUua  railroad,  is  an  old  grist-mill  (Ireland's), 
not  now  used,  although  the  faU  is  said  to  be  10  or  12  feet. 

The  highest  power  on  the  river  is  about  5  miles  from  Gibsonville  station,  on  the  North  Carolina  railroad. 
Although  there  was  a  mill  there  long  ago,  the  power  has  for  some  time  been  lying  idle,  but  has  been  recently 
improved  by  Messrs.  Gant  &  Davidson,  who  have  a  cotton  factory,  flour-  and  saw-mill  there,  using  a  fall  of  15 
feet,  with  150  horse-power,  which  can  be  obtained  for  eight  months  of  the  year,  and  averaging  75  horse-power  during 
the  remaining  four.  The  dam  is  250  yards  above  the  mill,  and  is  about  200  feet  long  and  4J  feet  high,  backing  the 
water  only  a  few  hundred  yards.  It  was  built  about  forty  years  ago,  and  is  constructed  of  rock.  It  is  stated  that 
the  fall  at  this  place  could  be  increased  to  some  20  feet. 

From  the  above  sketch  it  will  be  seen  that  the  water-power  on  Haw  river  is  quite  extensively  used,  especially  on 
the  upper  parts,  where  the  stream  is  more  accessible.  Haw  and  Deep  rivers  are,  in  fact,  the  principal  manufacturing 
streams  of  North  Carolina,  together  with  the  south  fork  of  the  Catawba,  yet  to  be  described. 

Summary  of  power  of  Haw  river. 


Locality. 


I 


Bainfall. 


Total  fall. 


n 


a 


Horse-power  available, 
gross.* 


B  S 

r 


3 


utilized. 


■dB 


Bemailu. 


Bland  mm 

Hartsaw's  site 

Moore's  mill 

Unimproved  site 

Seven  Island  shoal 

Henley's  mill 

Brown's  mill 

Bynum's  site 

Bynum's  factory 

Powell's  site 

Burnett's  site 

Pace's  mill 

Several  unimproved  sites . 
Love's  mill 


Milei. 

3.0 

5.0 

8.0 
10.0 
12.0 
13.5 
15.0 
16.5 
17.5 
18.  0± 
18.  5± 
20.  0± 


Sq.  mUet. 
1,676 
1,320 
1,  300± 
1,  295± 
1,200± 
1,285 
1,  275± 
1,  260± 
1,250 
1,240± 
1,230± 
1,209 


Saxapahaw  factory 

Newlin's  mill .■ 

Unimproved  site  of  Falls  of 

Neuse  Manufacturing  Co. 
Taotory  of  Tails  of  Neuse 

Manufacturing  Company. 

Granite  cotton-mills 

Seller's  mill 

Big  Falls  factory 


22. 0± 


38.  0± 
41.  0± 


1, 155-1- 


967 
935± 


Carolina  mills . 
Glencoe  mills  . 


45.  0± 

50. 0± 
62. 0± 
65.  0± 

55. 0± 
56. 0± 


670  ± 


685 


Ireland  site 

Gant  »fe  Davidson's  mills. 


494 

490  ± 

475  ± 

460  ± 
450(1) 


Feet. 
7.0 
6.0 

22.0 
8.0 
7.0 

16.0 
7.0 
8.0 

16.0 
7.0 
6.0 

12.0 


Feet. 


5,280 


225 
150 
525 
190 
170 
360 
165 
190 
375 
166 
130 
260 


270 
180 
660 
240 
210 
480 
200 
230 
450 
190 
165 
325 


1,050 
720 

2,600 
940 
825 

1,888 
800 
900 

1,825 
780 
670 

1,335 


300 
200 
760 
270 
240 
640 
230 
260 
510 
220 
190 
370 


Feet. 
7.0 


Z50 


10.0 


13 

Z14 


8.0 
1 


19 


80 


16.0 


29 


75± 


12.0 


39± 


U.O 

19.0 
10.0 
10.0 


11.6 
12.0 
13.0 

16.0 
13.5 

10.0 
15.0 


310 
160 


280 


400 
200 


1,220 

1,800 
940 


320 


460 
230 


19.0 
10.0 


140 
110 


190 
150 


95 


110 
100 


96 


130 


160 
140 


90 
130 


870 
670 
640 


220 
170 
150 


150 
100 


13.0 
11.6 


117 


740 
040 


460 
675 


175 
160 


110 
160 


110 


16.0 


125 


160 


210 


Hill  at  dam. 
N"ot  improTed. 


Unimproved. 

Said  to  be  not  in  use. 


Mill  burnt ;  dam  (till  there. 
Not  improved. 


Probably  not  over  60    horse- 
power used. 


t  See  description. 

I  See  description. 

Being  built;  expect  150  horse- 
power. 

Being  built ;  expect  152  hoise- 
power. 


*For  explanation  of  powers  estimated  see  introduction,  pages  18  to  21.    Power  much  larger  than  in  last  column  during  nine  months  of  the  year. 


THE  TKIBUTABIES   OF  HAW  EIVER. 

The  first  considerable  tributary  met  with  in  ascending  the  river  is  New  Hope  river,  which  enters  from  the  west, 
after  flowing  through  Orange  and  Chatham  counties,  and  draining  an  area  of  some  317  square  miles.  The 
substance  of  what  I  could  learn  regarding  this  stream  is  that  it. is  generally  sluggish,  flowing  through  a  level 
country,  and  without  water-power  of  any  importance,  the  only  mills  being  a  few  small  local  grist-mills.  The  power 
used  is  tabulated  farther  on. 

The  succeeding  tributaries  of  the  Haw  river  are  small  and  unimportant  until  we  reach  Cane  creek,  which 
enters  from  the  west,  at  the  extreme  southwest  corner  of  Orange  cbunty.    It  rises  in  the  extreme  west  of  Alamance 
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county,  with  some  tributaries  from  Chatham,  and  flows  very  nearly  due  east  and  only  a  mile  or  so  from  the  county- 
line,  but  without  leaving  Alamance.  It  has  more  fall  than  the  streams  entering  Haw  river  from  the  east,  but  is 
specially  mentioned  chiefly  on  account  of  its  having  one  ftictory,  the  Clover  Orchard  cotton  factory,  which  is 
situated  some  6  miles  from  its  mouth.  The  length  of  the  stream,  in  a  straight  line,  is  about  17  miles,  and  its 
dramage  area  73  square  miles.  The  factory  above  referred  to,  with  which  is  connected  a  grist-mill,  uses  a  fall  of 
23  feet  and  50  horse-power,  which  can  be  obtained  during  nine  months  of  the  year,  the  average  during  the 
remaining  three  months  being  25  horse-power,  during  which  period  auxiliary  steam-power  is  used.  The  mill  being 
run  only  during  12  hours,  and  there  being  no  waste  at  night  in  dry  seasons,  the  natural  flow  of  the  stream  would 
afford  only,  say,  10  horse-power  in  low  seasons,  and  probably  much  less  when  at  its  lowest.  The  dam  is  of  roct,  120 
feet  long  and  17  feet  high,  and  backs  the  water  about  a  mile ;  the  factory  is  300  yards  below. 

The  next  important  tributary  is  Alamance  creek,  which  rises  in  the  eastern  part  of  Guilford  county,  pursues  a 
general  direction  nearly  due  east,  emptying  into  Haw  river  about  4  miles  below  the  railroad  crossing.  Its  length 
is  in  the  neighborhood  of  25  miles,  and  its  drainage  area  about  237  square  miles.  It  receives  as  tributaries  two 
creeks  called  Little  Alamance,  from  the  north,  and  Stinking  Quarter  creek,  from  the  south.  There  are  only  two 
powers  on  the  stream  worth  mentioning,  viz:  Alamance  cotton  factory  (E.  M.  Holt's  Sons)  and  Bellemont  cotton- 
mills  (L.  B.  &  L.  Holt).  The  Alamance  factory  uses  a  faU  of  12J  feet  and  50  horse-power,  which  can  be  obtained 
during  nine  months  of  the  year,  while  the  latter  uses  a  fall  of  12  feet  and  175  horse-power,  which  can  be  obtained 
for  six  or  seven  months,  the  power  sinking  in  low  seasons  to  20  horse-power,  and  steam-power  to  the  extent  of 
80  horse-power  being  used  during  dry  weather. 

The  Eeedy  fork  of  Haw  river,  and  the  other  tributaries  and  forks  in  the  upper  part  of  the  drainage-basin,  offer 
some  power,  utilized  to  some  extent  by  saw-  and  grist-mills,  but  have  no  power  worthy  of  special  mention.  The 
country  is  quite  flat  in  the  upper  part  of  the  basin,  and  there  are  no  falls  in  the  streams. 

THE  DEEP  EIVEE. 

This  stream  rises  in  the  western  part  of  Guilford  county,  North  Carolina,  near  the  sources  of  the  Haw  river, 
flows  in  a  southeasterly  direction  through  Eandolph  county  and  into  Moore,  where  it  bends  quite  abruptly,  and 
flows  a  little  north  of  east  into  Chatham  county,  where  it  joins  the  Haw  to  form  the  Cape  Fear.  Its  length  is 
about  the  same  as  that  of  the  Haw  river,  and  its  drainage  area  is  1,350  square  miles.  It  has  only  one  important 
tributary,  Eocky  river,  from  the  north,  which  enters  Deep  river  about  4  miles  above  Lockville,  and  drains  an  area 
of  205  square  miles,  aU  in  Chatham  county.  The  most  important  towns  on  Deep  river  are  Lockville,  near  the 
mouth,  Franklinsville,  Cedar  Falls,  and  Eandleman's  Mills,  in  Eandolph  county. 

The  drainage-basin  of  Deep  river  resembles  that  of  Haw  river  so  closely  that  it  is  not  necessary  to  describe  it 
in  detail.  In  its  lower  part  the  river  flows,  with  a  tortuous  course,  through  a  narrow  valley  with  abrupt  banks, 
and,  in  a  few  cases,  perpendicular  and  overhanging  cliffs  some  100  feet  high. 

The  rainfall  on  the  basin  is  a  little  greater  than  on  that  of  Haw  river,  with  rather  more  rain  in  winter,  as  will 
be  seen  from  the  maps  in  the  Smithsonian  publications.  The  flow  of  the  river  is  rather  more  variable,  owing 
probably  to  the  fact  that  a  greater  number  of  its  tributaries  rise  in  the  slate  country  and  become  nearly  dry  in 
summer.  For  the  same  reason,  the  freshets  are,  on  the  whole,  more  violent,  and  the  river  rises  oftener  above  its 
banks,  overflowing  the  bottoms  on  the  lower  part  to  a  depth  of  10  or  12  feet.  On  the  upper  part  of  the  river  there 
are  probably  sites  for  reservoirs,  although  Guilford  and  the  neighboring  counties  are,  on  the  whole,  not  very 
favorable  for  their  construction,  being  too  flat. 

The  following  are  some  elevations  on  the  stream,  with  distances  measured  from  the  map,  and  resulting 
declivities : 


Place. 


Bistance  from 
month. 

Elevation 
above  tide. 

Milei. 

Feet. 

0 

133 

14 

213 

88 

625 

100 

702  ± 

Distance  be- 
tween points. 


Difference  of 
elevation. 


FaUpermilebe- 
tween  points. 


Milee. 


Feet. 


Feet. 


Mouth,  or  confluence  with  Haw 

Near  Egypt  mine  * 

Korthem  part  of  Eandolph  county 

Crossing  of  Piedmont  Air-Line  railroadt. 


80 
412 
137 


6.7 
6.6 
11.4 


*  I  think  there  is  some  error  in  this  elevation,  or  in  that  at  the  mouth,  and  that  the  fall  between  the  two  is  not  so  great. 

t  For  this  elevation  I  am  again  indebted  to  Mr.  T.  M.  B.  Taloott,  general  manager  of  the  road,  who  took  particular  pains  to  obtain  it. 

From  this  it  appears  that  the  fall  of  the  stream  is  not  much  different  from  that  of  Haw  river,  though  greater 
in  its  upper  part. 

There  are  no  records  of  continuous  gaugings  of  the  river. 

As  will  be  seen  from  the  map,  the  river  is  very  inaccessible,  there  being  no  railroad  within  easy  reach  except 
at  the  extreme  lower  and  upper  parts.  l^Tevertheless,  a  number  of  manufacturing  establishments  have  been  located 
at  various  points,  especially  in  Eandolph  county,  shipping  their  products  by  the  Piedmont  Air-Line  railroad. 
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The  following  are  the  mills  and  sites,  so  far  as  1  have  been  able  to  learn  them : 

The  first  power  on  the  river  is  at  Lockville,  about  2  miles  from  the  mouth  of  the  river.  The  falls,  known  as 
PuUin's  falls,  were  overcome  by  the  Navigation  Company,  and  navigation  established  around  them  by  means  of  2 
dams  and  a  canal  leading  down  the  river  from  the  lower  one,  with  an  outlet-lock  into  the  river  at  the  lower  end 
of  the  town,  with  a  single  lift  of  24  feet.  The  lower  dam  is  600  or  700  feet  lon^,  11  feet  high,  built  of  crib-work 
filled  with  stone,  with  a  vertical  back,  and  a  face  sloping  down  to  about  1  foot  above  low  water,  the  base  being  30 
feet  wide,  up  and  down  stream.  It  is  said  to  have  cost  about  $14,000.  It  does  not  extend  straight  across  the  river, 
but  has  the  shape  of  a  letter  V,  with  the  apex  up  stream,  and  backs  the  water  half  a  mile,  with  an  average  width 
of  about  700  feet,  to  the  upper  Lockville  dam.  The  foundation  is  rock,  and  the  dam  is  not,  to  any  great  extent, 
liable  to  injury  by  freshets.  The  canal  which  leads  from  the  dam  is  less  than  half  a  mile  long,  with  a  guard-lock  at 
its  head  having  a  lift  of  a  foot  or  so,  and  the  high  lock  at  its  outlet  below.  All  along  this  canal  are  magnificent 
sites  for  mills,  which  could  use  a  fall  varying  between  11  and  24  feet,  with  perfectly  safe  locations.  The  following 
are  the  mills  now  in  use,  all  owned  by  the  Navigation  Company,  viz :  1  cotton-gin,  14  feet  fall;  1  saw- mill,  16  feet; 
1  grist-mill,  16  feet;  1  foundry,  18 feet;  1  grist-mill,  18  feet;  1  machine-shop,  18  feet;  all  on  the  canal,  fed  directly 
from  it,  and  discharging  the  water  into  the  river.  The  aggregate  power  used  by  these  mills  is  not  exactly  known, 
but  is,  perhaps,  in  the  neighborhood  of  150  horse-power.  There  is  always  a  waste  of  water,  and  there  are  about  15 
days  in  the  year  when  there  is  trouble  with  backwater,  the  river  at  the  outlet-lock  being  probably  less  than  300 
feet  wide.  In  high  freshets  the  water  rises  5  feet  on  the  dam.  The  canal  is  40  feet  wide,  and  originally  6  feet 
deep.  With  a  fall  of  a  foot  to  the  mile  it  could  probably  carry  the  entire  flow  of  the  stream  at  low  water ;  so  that 
the  entire  power  at  this  place  is  really  at  present  available,  except  that  the  wood-work  of  all  the  dams  of  the 
company  is  in  bad  condition,  badly  rotten,  and  there  is  considerable  leakage. 

The  drainage  area  above  this  place  being  about  1,350  square  miles,  I  have  estimated  the  flow  and  power  as  in 
the  following  table : 

Table  of  power  available  at  Lockville. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


Fall. 


riow  per 
second. 


Horse-power  available, 
gross. 


Utilized. 


Horse-power, 
net. 


Tall. 


Fercentmn 

of  minimum 

utilized. 


Minimum 

Minimum  low  season  - . 
Maximum,  with  storage 
Low  seasons,  dry  years 


Square  miles. 


1,350 


Feet. 


24 


1  foot  fall. 
24.5 
29.1 
122.7 


24  feet  fan. 

590 

700 

2,950 

800 


Feet. 


150  ± 


14-18 


23 


I  think  that  in  low  water  the  reservoir-room  would  be  sufficient  to  allow  of  the  concentration  of  power  into  12 
hours  to  such  an  extent  as  to  increase  the  minimum  power  by  50  per  cent,  at  least. 

This  power  is  an  excellent  one  in  all  respects.  A  branch  of  the  Ealeigh  and  Augusta  Air- Line  railroad  leads 
directly  to  the  mills.  There  is  an  abundance  of  fine  building-stone  in  the  neighborhood.  There  is  no  trouble  with 
ice,  and  little  with  high  water.  The  river  is  navigable  up  to  Carbonton,  so  that  the  copper  deposits  near  Egypt, 
the  coal-beds,  and  the  iron-ores  of  the  valley  are  easy  of  access.  The  location  is  healthy,  and  indeed  there  seems 
to  be  no  reason  why  a  large  amount  of  power  should  not  be  utilized  at  this  place. 

The  second  Lockville  dam,  half  a  mile  above  the  first  one,  is  of  similar  construction,  and  extends  straight  across 
the  river,  its  length  being  about  700  feet,  its  height  16  feet,  and  its  pond  2  miles  in  length,  up  to  the  Gorgas  canal, 
with  an  average  width  of  about  600  feet.  It  would  probably  cost  some  $12,000  to  build  it  now.  It  is  in  bad  condition, 
the  timbers  rotted  and  the  stones  gone,  but  could  easily  be  put  in  order.  The  lock  at  its  north  end  is  115  feet  long, 
18  feet  wide,  with  a  lift  of  16  feet.  The  banks  between  this  dam  and  the  one  below  are  steep  and  rocky  on  the 
north  side  and  shelving  on  the  south.  The  available  power  here  could  best  be  used  on  the  south  side,  unless  it 
were  desired  to  use  it  at  Lockville,  in  which  case  a  canal  or  flume  should  be  built  on  the  north  side.  A  canal  20  feet 
wide  and  6  feet  deep  would  probably  suffice  to  carry  the  minimum  flow,  with  a  fall  of  1^  feet  per  mile.  During  the 
war  there  was  a  grist-mill  on  the  right  bank,  but  the  dam  was  not  sufficiently  secured,  and  it  was  washed  around 
at  this  end.  It  was  rebuilt  in  1874,  when  the  last  company  put  the  works  in  order,  and  150  or  200  feet  of  the  south 
part  were  put  in,  at  a  cost  of  $10,000,  several  accidents  happening  during  the  work.  The  power  at  this  dam  is  easily 
available,  although  there  have  been  no  steps  taken  to  utilize  it.  The  amount  of  water  is  the  same  as  at  the  lower 
dam,  and  the  available  power  less  in  proportion  to  the  fall,  i.  e.,  two-thirds  of  that  in  the  last  table.  In  this  case, 
too,  the  reservoir-room  would,  I  think,  be  ample  to  allow  of  the  concentration  of  power  and  to  render  double  the 
low-season  flow  available  during  12  hours. 

Two  and  a  half  miles  above  the  second  Lockville  dam  is  the  Gorgas  dam,  just  below  the  mouth  of  Rocky  river, 
extending  straight  across  the  river,  about  600  feet  long  and  7  feet  high,  built  of  cribs  filled  with  stoile,  vertical  on 
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both  sides,  and  with  a  width  of  0  or  8  iVot,  and  bacldng  tlie  water  up  to  the  Endor  dam,  a  distance  of  about  7 
miles  or  a  little  less,  with  an  average  width  of  about  500  feet.  This  dam  is  at  the  head  of  a  canal  half  a  mile  long, 
the  third  of  the  navigation  canals,  with  guard-  and  outlet-locks,  at  the  latter  of  which  is  a  grist-mill  taking  water  from 
the  canal,  using  7  to  8  feet  fall  and  i)erhaps  20  or  25  horse-power,  with  L'  run  of  stones.  Full  capacity  can  be  secured 
all  the  time,  except  for  about  15  days  in  the  year,  when  the  river  is  high.  The  location  is  a  very  favorable  one  for 
building,  and  all  the  available  power  could  easily  be  utilized  along  the  canal,  which  is  of  ample  capacity  to  carry 
the  dry-weather  flow.  Tbe  drainage  area  above  this  place  is  about  1,300  square  miles,  and  the  amount  of  water  and 
power  less  than  at  Lockville.  I  have  estimated  it  as  in  the  following  table.  The  pond  being  7  miles  long,  there  is 
no  doubt  that  the  low-season  flow  could  be  concentrated  into  12  hours,  so  that  the  power  given  in  the  table  would 
be  doubled  with  a  small  diminution  of  head.  Although  this  place  is  not  quite  so  conveniently  located  as  Lockville, 
it  is  easy  of  access  from  that  place,  as  well  as  from  Eygpt,  on  the  Cape  Fear  and  Yadkin  Valley  railroad : 

Table  of  power  at  Gorgas  dam. 


state  of  flow  (see  pjlges  18  to  21). 


Minimum 

Minimum  low  season  . . . 
Maximum,  with  storage 
Low  season,  dry  years  . . 


Drainage 
area. 


Square  miles. 


Tall. 


Feet. 


Flow  per 
second. 


Ottbic  feet. 

C  208 

I  247 

j  1,040 

t  282 


Horse-power  available, 
gross. 


1  foot  fall,  j    7  feet  fall. 

23.  6  ,  165 

28.1  I  200 

118. 2  830 

32. 1  225 


Utilized. 


Horse-power, 
net. 


20 


Fall. 


Feet. 


Per  cent,  of 
minimum 
utilized. 


The  Endor  dam  is  about  400  feet  long  and  4  feet  high,  crossing  the  river  in  the  shape  of  a  V,  with  a  vertical 
face  and  inclined  back  half  way  across,  and  an  inclined  face  and  vertical  back  for  the  remaining  distance.  It  is 
built  of  wood,  and  ponds  the  water  back  to  the  Gulf  dam,  a  distance  of  10  miles.  As  far  as  the  location  goes,  it 
could  be  used  for  power,  but  the  fall  is  so  small  that  it  would  not  be  advisable.  It  is  not  necessary  to  consider  it 
further.     The  estimated  power  is  as  follows: 

Table  of  power  at  Endor  dam. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


Fall. 


Flow  per 
second. 


Horse-power  available, 
gross. 


Utilized. 


Horse-power, 
net. 


FaU. 


Per  cent,  of 
minimum 
utilized.* 


Square  miles. 


Minimum ._ 

Minimum  low  season  . . 
Maximum,  with  storage 
Low  season,  dry  years  - 


Cubic  feet. 

160 

200 

900 

1  225 


1  foot  fall. 

18.3 

22.6 

102.0 

25.6 


4  feet  fall. 

70 

90 

400 

100 


The  Gulf  dam  is  a  crib-dam,  with  vertical  face  and  sloping  back,  extending  straight  across  the  river,  about  400 
feet  long,  8  feet  high,  and  backing  the  water  up  to  the  Carbonton  dam,  6  miles  above,  with  an  average  width  of 
pond  of,  say  300  feet.  At  one  end  is  a  grist-mill  with  4  run  of  stones,  using  8  feet  fall  and  about  40  horse-power. 
The  following  table  gives  estimated  flow  and  power,  and,  as  in  the  former  cases,  it  is  probable  that  the  power 
might,  in  low  seasons,  be  increased  to  a  considerable  extent  by  drawing  down  the  water  in  the  pond  during 
working  hours: 

Table  of  power  at  Gulf  dam. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season  .  - 
Maximum,  with  storage 
Low  season,  dry  years- . 


Drainage 

area. 


iSquaremiles. 


1,047 


Fall. 


Flow  per 
second. 


Horse-power  available, 
gross. 


1  foot  fall. 
17.8 
22.0 
102.0 
25.0 


8  feet  fatl. 
140 
175 
820 
200 


Utilized. 


Horse-power, 
net. 


40 


FaU. 


Per  cent,  of 
minimum 
utilized. 


Feet, 


34± 
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Carbonton  dam  is  partly  a  frame  dam,  constructed  of  triangular  wooden  frames,  set  lengthwise  up  and  down  the 
river,  and  planked  over,  and  partly  a  crib-dam,  and  is  300  or  400  feet  long  and  9  or  10  feet  high,  extending  straight 
across  the  stream,  and  ponding  the  water  for  6  mUes,  the  average  width  l)eing  about  200  feet.  The  power  is  utilized 
for  a  gristmill,  saw-mill  and  cotton-gin,  using  about  35  horse-power  and  10  feet  fall.  The  available  power  is  given 
in  the  table. 

The  last  of  the  navigation  daims  is  Hancock's,  now  called  Tyser's,  12J  miles  above  Carbonton.  It  is  of  wood, 
300  feet  long  and  10  feet  high,  with  a  pond  3  miles  long  and  200  to  300  feet  wide.  The  power  is  used  by  a  grist-  and 
saw-mill  and  cotton-gin — a  mill  at  each  end  of  the  dam — ^using  12  feet  fall,  and  a  total  of  some  60  or  70  horse-power. 
The  available  power  is  given  below : 

Table  of  power  at  Carbonton  dam. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


TaU. 


Flow   per 
second. 


Horse-power  available, 
gross. 


Utilized. 


Horse-power, 
net. 


Fall. 


Per  cent  of 
minimum 
utilized. 


Minimum 

Minimum  low  season  . . . 
Maximum,  with  storage 
Low  season,  dry  years. . . 


Square  mUes. 
010 


1  M 


10  ± 


Oubie  /ect. 
|-  160 

I  180 

880 
L  206 


l/ootfall, 

17.0 

20.5 

100.0 

33.6 


10/eet/all. 

170 

200 

1,060 

235 


Feet. 


36 


10 


28 


Table  of  power  at  Tyser's  dam. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


Fall. 


Flow  per 
second. 


Horse-power  available, 
gross. 


Utilized. 


Horse-power, 
net. 


Fall. 


Per  cent,  of 
minimum 
utilized. 


MiTiiTnnTn 

Minimum  low  season 

Maximum,  with  storage 
Low  seaaon,  dry  years. . 


Feet. 


1  foot  fall. 
U.O 
16.7 
81.4 
19.1 


lOfeetfaU. 
140 
170 
800 
190 


Feet. 


60  ± 


12? 


67 


Carbonton  is  the  head  of  navigation.  The  foundation  of-  a  lock  was  put  in  there,  but  the  lock  was  never 
completed,  so  that  boats  never  ascended  into  the  pool  of  the  Carbonton  dam.  I  will  now  briefly  mention  and 
describe  in  order  the  remaining  powers  on  the  river,  referring  to  the  summary  of  power  for  estimates  :* 

1st.  At  Prosperity,  Moore  county,  E.N.  MofQtt's  grist-mill;  fall,  8  feet;  30  horse-power;  dam,  wood  and  stone, 
275  feet  long,  10  feet  high. 

2d.  Big  falls  (belonging  to  N.  D.  Woody,  Shaw's  Mills,  Guilford  county),  in  Moore  county,  about  3  mUes 
above  Prosperity ;  unimproved.  Said  to  be  an  excellent  site,  12  miles  from  the  proposed  line  of  the  Cape  Fear  and 
Yadkin  Valley  railroad  and  23  mUes  from  the  Ealeigh  and  Augusta  Air-Line  railroad.  The  fall  has  been 
estimated  at  18  feet,  with  a  2-foot  dam  at  head;  length  of  shoal,  three-eighths  of  a  mile.  The  bed  is  rock,  banks 
favorable;  width  of  stream,  about  350  feet. 

3d.  Unimproved  privilege  belonging  to  Elias  Eitter,  esq..  Carter's  Mills,  Moore  county.     Fall  unknown. 

4:th.  Howard  &  MofQtt's  grist-  and  saw-mill,  Moore  county,  near  the  Randolph  line.  Stone  dam,  310  feet  long, 
10  feet  high,  backing  the  water  3  miles.     Fall  utilized,  12  feet,  and  30  horse-power  at  all  times. 

5th.  Unimproved  power,  Randolph  county;  said  to  be  12  to  15  feet. 

6th.  Enterprise  Manufacturing  Company's  mills,  at  Faust's  Mills,  Randolph  county;  stone  dam,  300  feet  long, 
3  feet  high,  built  in  1858  at  a  cost  of  $300,  ponding  about  18  acres.  Head-race,  672  feet ;  fall  utilized,  15  feet ;  horse- 
power used,  40.  The  company  have  a  cotton-mill,  saw-mill,  and  flour-mill.  They  say  that  they  have  an  additional 
fall  of  5  feet  available,  making  20  feet  in  all.    There  is  always  a  waste  of  water. 

7th.  Unimproved  site,  2  or  3  miles  above  Enterprise  mills,  known  as  the  Cox  falls,  supposed  to  have  a  fall  of 
12  or  14  feet. 

8th.  Unimproved  site,  4  miles  farther  up,  known  as  the  Allen  falls,  supposed  to  be  12  to  20  feet  available, 
about  8  miles  from  the  Cape  Fear  and  Yadkin  Valley  railroad.  Length  of  fall,  about  half  a  mile;  rock  bed  and 
good  banks. 


*lt  may  be  stated  here  that  most  of  the  information  regarding  Deep  river,  in  Randolph  county,  is  due  to  the  Hon.  A.  S.  Homey, 
who  furnished  a  long  list  of  powers. 
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9th.  Columbia  Manufacturing  Company  (formerly  Deep  Eiver  Manufacturing  Company).  The  dam  is  of  stone, 
about  350  feet  long  and  12  feet  high,  built  about  1850  at  a  cost  of  $2,000,  backing  the  water  If  miles,  with  an 
average  width  of  300  feet.  Head-race,  1,200  feet  long;  fall  used,  12  feet  at  mills  and  14  at  factory,  and  about  100 
horse-power  in  all.  The  company  have  a  cotton  factory,  grist-  and  saw-mills,  cotton-gin,  and  wool-cards,  all  driven 
from  same  dam  and  canal,  the  factory  using  about  70  horse-power.    "Water  always  wastes. 

10th.  Eandolph  Manufacturing  Company,  Franklinsville,  2  miles  above  Columbia  Manufacturing  Company. 
Dam  of  wood  and  stone,  about  350  feet  long,  8  feet  high,  giving  a  fall  of  12J  feet,  with  a  race  of  450  feet;  utilized 
power,  60  horse-power,  which  can  be  secured  at  all  times.  The  mill  is  a  cotton  factory.  In  low  water  the  water  is 
drawn  dovra  below  the  crest  of  the  dam,  the  mill  being  run  during  12  hours. 

11th.  Franklinsville  Manufacturing  Company  (cotton-bag  factory,  grist-  and  saw-mills,  wool-carding  machine, 
and  cotton-gin).  The  dam  is  of  stone,  350  feet  long,  6  feet  high ;  length  of  head-race  2,000  feet ;  fall  utilized,  19 
feet;  power,  80  horse-power,  which  can  be  secured  at  all  times  by  drawing  down  the  water  in  the  pond  in  dry 
seasons. 

12th.  Unimproved  site,  a  mile  or  less  farther  up  stream,  said  to  have  15  to  20  feet  available  within  a  distance 
of  rather  over  half  a  mile.  Good  location  for  a  dam,  with  rock  bottom  and  banks,  known  as  the  Eeuben  Aldred  site. 
All  accounts  qgree  in  stating  this  to  be  a  valuable  privilege. 

13th.  Grist-mill  of  Cedar  Falls  Manufacturing  Company,  about  a  mile  above  No.  12.  Dam  of  stone  and  wood, 
250  feet  long,  8  feet  high,  ponding  2  acres,  built  in  1851  at  a  cost  of  about  $6,000  {1).  Length  of  head-race,  500  feet ; 
fall  utilized,  14J  feet;  power  used,  some  20  to  30  horse-power;  water  always  wasting. 

14th.  Cedar  Falls  Manufacturing  Company's  cotton  factory,  half  a  mile  above  grist-mill.  Dam  of  stone  and 
wood,  200  feet  long,  6  feet  high,  built  in  183C,  costing  $1,000.  Pond,  1  acre;  head-race,  one-eighth  of  a  mile; 
fall  used,  25^  feet,  and  60  horse-power  at  all  seasons. 

15th.  Unimproved  site,  1  mile  above.     Said  to  be  12  or  15  feet  available. 

16th.  Central  Falls  Manufacturing  Company's  cotton  factory,  now  building,  2  miles  above  No.  15.  Fall  said 
to  be  12  feet. 

17th.  Cotton  factory  now  building  2^  miles  above  No.  16 ;  fall  about  14  feet. 

18th.  Naomi  Falls  Manufacturing  Company's  cotton  factory  and  grist-mill,  2  miles  farther  uj).  Fall  about  10 
or  11  feet ;  power  used  not  stated ;  some  steam  used  for  power. 

19th.  Kandlemaii  Manufacturing  Company.  Three  cotton  factories,  all  from  one  dam,  half  a  mile  above  No. 
18.  Dam  is  of  stone,  cemented  and  planked,  272  feet  long  and  10  feet  high,  built  in  1878,  costing  $2,200.  The 
pond  is  2  miles  long  and  200  feet  wide.  Fall  used,  11  feet ;  125  horse-power  obtained  during  9  months  by  drawing 
down  the  water  in  the  pond.     Steam  used  to  supplement  water  in  low  seasons. 

20th.  Unimproved  site,  called  Island  Ford,  2  miles  above  last  power.     Said  to  be  10  or  12  feet. 

21st.  Walker's  grist-mill  and  saw-mill,  1  mile  farther  up.  Dam  of  wood,  258  feet  long,  8  feet  high  ;  fall  used, 
12  feet ;  power  used  said  to  be  20  to  25  horse-power. 

22d.  Unimproved  site  5  miles  above ;  said  to  be  10  to  12  feet. 

23d.  Coltrain's  grist-  and  saw-mill. 

24th.  Freeman's  grist-  and  saw -mill.     Fine  cemented  rock  dam ;  fall,  12  feet. 

The  powers  above  this  are  small,  generally  grist-  and  saw-mills,  with  one  cotton  factory  at  Jamestown,  the 
Oakdale  Manufacturing  Company,  using  19  feet  fall  and  70  horse-power  during  10  months.  During  the  remaining 
two  months  about  50  to  55  horse-power  can  be  obtained  by  drawing  down  the  water  in  the  pond  during  the  night, 
the  mill  being  run  12  hours.  The  natural  flow  of  the  stream  affords,  therefore,  about  2  horse-power  per  foot  (gross) 
during  the  dry  season  of  ordinary  years,  or  the  flow  is  about  17  cubic  feet  per  second,  and  probably  about  40  to  50 
during  nine  months  of  the  year.  There  are  several  sites  not  used,  one  of  about  8  feet  fall  just  below  the  cotton 
factory,  and  another  of  about  the  same  several  miles  farther  down. 
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Summary  of  power  of  Deep  river. 


[N.  B. — The  powers  glyen  in  this  table  may,  in  most  oases, 


be  increased  to  a  large  extent,  and  perhaps  donbled,  if  the  mills  are  run  only  12  hours  and  the  Trater 
drawn  down  in  the  ponds  at  night.] 
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69.0 
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20.0 
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10.0 
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70 
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90 
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60 
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Cedar  Ealls  Manufacturing 

14.5 
25.5 

Dam  8  feet 

Company. 
Cedar  Falls  Manufacturing 

Company. 
Unimproved  site 

Central  Falls  Manufacturing 

300  ± 

300  ± 
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11.0 

Being  improved. 
Being  improved. 

Company. 
Factory  being  built 

Xaomi   Falls  Manufacturing 

(*) 
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10± 
11.0 

Company. 
Randleman    Manufacturing 

Dam  10  feet;  full   capa- 
city 9  months. 

Company. 

''  Not  stated. 


t  See  pages  18  to  21. 


TRIBXJTAEIES   OF   DEEP   KIVER. 

The  tributaries  of  Deep  river  are  of  small  consequence,  and  only  one  of  them  is  worthy  of  special  mention,, 
viz:  Eocky  river,  which  rises  in  the  northwestern  part  of  Chatham  county  and  flows  southeast,  joining  Deep  river 
just  above  Gorgas  dam.  The  stream  is  utilized  to  a  considerable  extent  by  small  saw-  and  grist-mills,  but,  like 
other  streams  in  the  vicinity,  it  is  subject  to  great  variations  in  flow,  owing  to  its  course  lying  in  the  slate  region. 
The  drainage  area  of  the  stream  is  about  205  square  miles,  and  its  length,  in  a  straight  line,  about  25  miles;  yet 
during  tlie  dry  season  the  flow  is  not  suflicient  to  afford  more  than  20  or  25  horse-power,  with  a  fall  of  20  feet. 
There  are  12  mills  on  the  river,  with  falls  of  from  8  to  25  feet,  but  some  sites  are  still  unimproved. 

The  other  tributaries  above  Eocky  river  are  utilized  for  small  grist-  and  saw-mills,  but  are  not  of  much 
importance.    Some  of  them  are  nearly  dry  in  summer. 
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Table  of  utilized  power  on  Cape  Fear  river  and  tributaries. 


Name  of  streatn. 


Cape  Fear  river 

Northeast  Capo  Fear. . 
Do 


South  river  . 

Do.... 
Black  river  . 

Do.... 


All  other  tributaries  to. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Haw  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tiibntiiries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Deep  river 

Do 

Do 


Tributary  to  what. 


Atlantic 

Cape  Fear 

do 

Northeast  Cape  Fear. 

Do 

Do 

Cape  Fear 

do.: 

South  river 

do 

Do 

Do 

Do 

Cape  Fear 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

..:... do... 

do 

do 

do 

do 

Haw  river 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

, do 

do 

CapePear 

do 

do 


State. 


North  Caruliua  . 
do 


-do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
.do. 
..do. 
.do. 
..do. 
..do. 
..do. 
..do. 
.'.do  . 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do  . 
..do  . 
..do. 
.do  . 
.do. 
..do. 
.do  . 
.do. 
.do  . 
.do  . 
.do. 

do  . 
.do. 
.do  . 
.do  . 
.do  . 
.do. 
.do  . 
.do  . 

do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do. 


County. 


Cumberland  . 

Pender 

...do 

Duplin 

...  do 

...do  

Sampson 

Pender 

Sampson 

...do" 

..  do 

...do 

...do    

Bladen. 

...do 

Cumberland  . 

...do 


...do 

...do 

...do 

...do 

Harnett 

...do 

Wake 

...do 

...do 

Chatham 

Moore 

...do 

Chatham 

...do 

...do 

...do 

Alamance 

...do  ..J 

...do 

...do 

...do  

GuUford 

...do 

Rockingham . 

...do 

Chatham 

...do...- 

...do 

...do 
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...do 

...do 

...do 
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...do 

..  do 

...do  

Guilford   .... 

..do 

...do  
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Rockingham . 

-.  do 

Chatham 

..  do 

...do 
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Kind  of  mill. 


Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Cotton.gin 

Flour  and  grist    

...  dii 

..  do 

Cotton. gin 

do    

Flour  and  grist 

Saw 

Flom-  and  grjst 

Cotton.gin 

Flour  and  grist 

Saw 

Cotton.gin 

Agricultural  implements. . 

Cotton  factory 

"Woolen 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Cotton.gin 

Flour  and  grist 

...do 

Saw 

Flour  and  grist 

Saw 

Wheelwrighting 

Cotton  factory 

Flour  and  grist 

Saw 

Blacksmith  shop 

Cotton  factory 

..  do* 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Wheelwrighting 

Cotton  gin 

Flour  and  grist 

Saw 

Cotton.gin 

Millwrighting 

Cotton  factory 

Flour  and  grist 

Saw 

Cotton-gin 

Foundry 

Agricultural  Implements. 

Flour  and  grist 

Saw 

Wooden 

Flour  and  grist 

...do  

Saw 

Flour  and  grist   

Saw 

Agricultural  implements . 
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16 
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12.0 
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85.0 
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Table  of  utilized  power  on  Cape  Fear  river  and  tributaries — Continued. 


Name  of  stream. 


Tributary  to  what. 
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Saw 

Agricult'l  implements 

Leather , 

Flour  and  grist 

Saw , 

Flour  and  grist 

Woolen 

Saw 

Flour  and  grist 

"Woolen 


Feet. 
18.0 
18.0 
14.0 
32.0 

107.0 
26.0 

100.0 
12.0 


3.0 

92.5 

19.0 

24.0 

17.0 

7.0 

225.0 

45.0 

9.0 

12.0 

86.0 

42.0 

331.0 

8.5 

106.0 

79.0 

16.0 


"Being  built. 


Table  of  drainage  areas  of  Cape  Fear  river  and  tributaries. 


Cape  Fear  river  at  mouth 

Northeast  Cape  Fear  river  at  month  . 

South  river  at  mouth 

Black  river  at  mouth 

Cape  Fear  river  at  Fayetteville 

Cape  Fear  river  at  Jones'  falls 

Cape  Fear  river  at  Silver  run 

Cape  Fear  river  at  Smiley's  falls 

Cape  Fear  river  at  Buokhom  falls 

Cape  Fear  river  at  forks 

Haw  river  at  mouth 

Haw  river  at  Bynum's 

Haw  river  at  North  Carolina  railroad. 

Haw  river  at  Eeedy  fork 

New  Hope  river  at  mouth 

Alamance  creek  at  mouth 

Eeedy  fork  of  Haw  at  mouth 

Deep  river  at  mouth , 

Deep  river  at  Lockville 

Deep  river  at  Gorgas 

Deep  river  at  Gulf 

Deep  river  at  Carbonton , 

Deep  river  at  Tyser's , 

Deep  river  at  Franklinsville 

Deep  river  at  Unionville , 

Eocky  river  at  mouth 

Eockflsh  creek  at  mouth 

Little  Eockfish  creek  at  mouth 

Little  Eockfish  creek  at  factory , 

Lower  Little  river  at  mouth 

Lower  Little  river  at  Manchester 

Upper  Little  river 


Square  miles. 
....  8,400 
....  1,330 
....  1,430 
....  620 
....  4,250 
....  4,170 
....  3,660 
....  3,400 
...  3,200 
....  3,025 
....  1,675 
....  1,250 
....  .585 
....  173 
....  317 
....  237 
....  281 
....  1,350 
....  1,340 
....  1,300 
....  1,047 
....  1,010 
....  814 
....  408 
....  257 
....  205 
....  280 
77 
55 
....  448 
....  329 
....      176 


120 

475 

250 
12 
50 
4 

124 
70 
25 
20 
15 

253 


135 

74 

361 


128 
56 
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VI.-THE  GREAT  PEE  DEE  RIVER  (AND  YADKIN)  AND  TRIBUTARIES. 


THE  GEEAT  PEE  DEE  RIVEE. 

The  Great  Pee  Dee  river  takes  its  rise  on  the  eastern  slope  of  the  Blue  Eidge,  in  Caldwell  and  Watauga 
counties,  IsTorth  Carolina.  It  flows  first  a  little  north  of  east  through  Caldwell  and  Wilkes  and  between  Surry  and 
Yadkin  counties,  when  it  bends  abruptly  to  the  right,  and  flows  a  little  east  of  south,  forming  the  boundary  between 
the  counties  of  Forsyth,  Davidson,  Montgomery,  and  Eichmond  on  its  left,  and  Yadkin,  Davie,  Eowan,  Stanley,  and 
Anson  on  its  right,  passing  into  South  Carolina,  and  continuing  in  the  same  general  direction  between  Marlborough 
and  Marion  counties  on  its  left,  and  Chesterfield,  Darlington,  Williamsburg,  and  Georgetown  on  its  right,  emptying 
into  Winyah  bay  just  at  the  town  of  Georgetown,  after  flowing  for  some  distance  through  the  county  of  the  same 
name.  The  river  is  known  as  the  Great  Pee  Dee  only  in  that  part  of  its  course  below  the  mouth  of  the  TJwharrie 
river,  in  Montgomery  county,  North  Carolina,  being  called  the  Yadkin  above  that  point.  Following  the  general 
course  of  the  stream,  the  distance  from  its  source  to  its  mouth  is  between  275  and  300  miles,  but  following  all  its 
windings  it  is  much  greater — as  nearly  as  I  can  estimate  by  measurement  on  the  map,  some  400  miles  or  more,  and 
I  think  that  it  will  be  found  in  fact  to  be  greater  still. 

There  are  no  towns  of  great  importance  on  that  part  of  the  river  where  there  are  any  facilities  for  water-power. 
Georgetown,  at  the  mouth  of  the  stream,  has  a  population  of  2,557,  and  Cheraw,  the  head  of  navigation,  918.  In 
North  Carolina  there  are  no  towns  on  the  river  with  more  than  a  few  hundred  inhabitants,  the  principal  one  being 
Wilkesboro',  the  county-seat  of  Wilkes  county. 

The  head  of  navigation  on  the  river  is  Cheraw,  South  Carolina,  about  149  miles  above  the  mouth.  By  the  act  of 
Congress  of  June  14, 1880,  the  sum  of  $7,000  was  appropriated  to  the  work  of  improving -the  navigation  on  this  part  of 
the  river,  and  it  is  hoped  to  secure  9  feet  of  water  as  high  as  Smith's  Mills,  46  miles  from  the  mouth,  and  3|  feet  at  the 
lowest  stage  as  far  as  Cheraw,  the  estimated  cost  of  the  whole  improvement  being  $25,520.  There  is  considerable 
trade  upon  the  river  as  high  as  Smith's  Mills,  and  vessels  drawing  9  feet  reach  that  place  at  a  fair  stage  of  the 
water.  The  principal  shipments  are  cotton,  lumber,  and  naval  stores.  There  is  at  present  a  navigable  depth  of  3 
feet  in  favorable  stages  of  the  water  as  high  as  Cheraw,  and  two  steamers  run  regularly  upon  the  river,  ascending 
as  high  as  this  place  when  practicable.  An  examination  of  the  river  between  Cheraw  and  the  mouth  of  the 
TJwharrie,  a  distance  of  67  miles,  has  also  been  made,  and  it  is  found  practicable  to  render  the  river  navigable  as 
high  as  this  point  by  locks  and  dams,  but  no  api)ropriation  has  yet  been  made  for  the  work.  Above  the  mouth  of 
the  TJwharrie  the  "Narrows"  form  an  insurmountable  obstacle  to  navigation,  but  above  them,  between  the  North 
Carolina  railroad  bridge  and  Wilkesboro',  the  river  has  been  surveyed,  and  an  appropriation  of  $20,000  made 
March  3,  1879,  the  object  being  to  secure  a  navigable  depth  of  2J  to  3  feet  as  high  as  the  foot  of  Bean's  shoal,  a 
distance  of  64.8  miles.  There  are  some  mill-owners  in  this  distance  with  whom  it  has  thus  far  been  impossible  to 
effect  an  arrangement  "whereby  the  United  States  might  be  protected  from  claims  for  damages  resulting  from  the 
prosecution  of  the  improvement".*  A  second  appropriation  for  this  work  of  $20,000  was  made  June  14, 1880.  The 
cost  of  the  improvement  is  estimated  at  $82,000,  and  is  to  be  effected  without  locks  and  dams. 

The  Great  Pee  Dee  drains  a  total  area  of  about  17,000  square  miles,  of  which  about  9,700  lie  in  North  Carolina 
and  7,300  in  South  Carolina.  The  principal  tributaries  to  the  river  are  the  Waccamaw  river,  from  the  north,  draining 
about  1,200  square  miles ;  the  Black  river,  from  the  west,  draining  about  1,500  square  miles ;  the  Little  Pee  Dee  river, 
from  the  north,  with  a  drainage  area  of  some  3,000  square  miles;  Lynch's  creek,  from  the  west,  draining  about  1,350 
square  miles;  Black  creek,  from  the  west,  draining  about  450  square  miles;  Little  river,  from  the  east,  draining 400 
square  miles;  Eocky  river,  from  the  west,  draining  1,400  square  miles;  TJwharrie  river,  from  the  east,  draining 
317  square  miles;  the  South  Yadkin,  from  the  west,  draining  820  square  miles;  and  the  Ararat  river,  from  the  north, 
draining  about  315  square  miles,  besides  numberless  smaller  streams  and  creeks  affording  fine  water-power,  especially 
in  the  upper  part  of  the  drainage-basin. 

The  Great  Pee  Dee  crosses  the  fall-line  a  little  above  Cheraw.  The  fall  is  not  so  pronounced  as  in  the  case  of 
the  Tar  and  the  Eoanoke,  consisting  of  a  series  of  rapids  extending  over  a  number  of  miles,  with  no  very  great  fall 
at  any  one  place,  or  within  any  short  distance.  The  drainage-basin  of  the  river  below  the  fall-line  will  be  understood 
sufSciently  well  from  the  general  description  which  has  been  already  given  of  the  eastern  division,  and  of  the  lower 
parts  of  the  Cape  Fear  and  other  rivers,  while  its  general  shape  and  dimensions  may  be  seen  from  the  accompanying 
map.  Neither  does  that  part  of  its  drainage-basin  lying  above  the  fall-line  differ  in  any  essential  particulars  from 
that  of  the  Cape  Fear  or  the  Eoanoke,  except  that  it  reaches  farther  west  (and  into  the  mountains)  than  that  of  the 
Cape  Fear.  Below  the  great  bend,  where  the  river  turns  so  abruptly  to  the  south,  its  valley  averages  50  miles  wide, 
and  at  many  points  the  river  is  bordered  by  wide  and  fertile  bottoms,  subject  to  overflow  at  times,  and  forming  some 
•of  the  best  farming  lands  in  the  state,  while  at  others  the  hills  close  in  upon  the  river,  leaving  no  bottoms  at  all,  and 
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sometimes  confining  the  river  between  steep  and  rocky  banks  on  each  side.  In  one  case  the  river  flows  through  a- 
regular  ravine,  confined  in  a  very  narrow  channel  by  bold  and  abrupt  banks  for  a  distance  of  several  miles,  forming^ 
the  noted  "narrows".  Above  the  great  bend  the  valley  is  narrower  (only  15  to  20  miles  wide),  and  the  divides 
which  separate  the  basin  of  the  Yadkin  from  those  adjacent  are  much  higher,  so  that  the  tributary  streams  in  the 
vicinity  have  a  very  large  fall.  The  level  land  along  the  stream,  however,  is  seldom  in  this  part  of  its  course  over 
a  mile  wide,  interjected  between  the  spurs  of  the  parallel  ranges  of  mountains  which  form  the  divides,  and  forming  in 
places  extremely  picturesque  little  valleys,  surrounded  on  almost  all  sides  by  high  mountains.  Even  in  this  part  of  its- 
course  the  river  rises  above  its  banks  in  high  water,  although  the  grounds  subject  to  overflow  are  not  very  extensive.. 
Kear  YadkinvUle  the  river  passes  through  a  gap  in  the  mountains,  and  above  that  point  its  valley  is  flanked  on  the 
north  by  the  Blue  Eidge  and  on  the  south  by  the  Brushy  mountains,  the  divides  having  elevations  of  from  1,500' 
feet  upward,  and  from  these  come  pouring  down  many  mountain -streams  and  torrents.  The  upper  part  of  the  valley 
of  the  Yadkin  is  very  well  wooded,  and  the  mountains  not  being  bare,  the  streams  are  more  constant  in  flow  thaa 
would  be  expected. 

The  facilities  for  the  construction  of  storage-reservoirs  are  good  on  some  of  the  tributaries,  and  on  the  main 
stream  in  the  very  upper  part  of  its  course.    Below,  they  would,  of  course,  be  impracticable. 

The  products  of  the  Yadkin  valley  are  cotton,  tobacco,  corn,  rice,  wheat,  oats,  rye,  clover  and  grasses,  sorghum 
cane,  vegetables,  and  fruits  in  the  lower  part,  and  principally  grain,  vegetables,  and  fruits  in  the  upper  part. 
Between  the  cool  slopes  of  the  Blue  Eidge  on  the  north  and  the  low  and  hot  plains  of  the  eastern  division  on  the 
south  the  range  of  production— as  in  the  case  of  the  Eoanoke — is  very  large,  the  mountains  being  well  adapted 
to  grazing,  the  bottom-lands  of  the  valleys  to  the  raising  of  cereals,  grasses,  vegetables,  fruits,  and  tobacco,  and  the; 
low  country  along  the  lower  part  of  the  stream  to  the  production  of  cotton  and  rice. 

The  river  is  subject  to  freshets,  but  I  learned  of  no  peculiarities  concerning  them.  They  are  said  not  to  be  so 
violent,  as  a  rule,  as  on  the  Cape  Fear,  I>reuse,  or  Tar,  probably  because  of  the  character  of  the  upper  part  of  the 
basin ;  and,  although  there  are  no  lakes  to  regulate  the  flow,  the  extensive  woods  and  the  mountains,  well  covered 
with  soil,  serve  to  restrain  their  violence.  Neither  are  the  freshets  so  violent  as  on  the  Eoanoke,  the  cause  in  this 
case  being,  probably,  the  fact  that  the  rainfall  in  the  upper  valleys  of  the  Yadkin  is  perhaps,  on  the  whole,  more^ 
uniformly  distributed  throughout  the  year  than  on  the  Dan  an^d  Staunton.  At  any  rate,  the  highest  flood  ever  known 
at  Wilkesboro'  occurred  in  September,  1878,  yet  the  rise  was  only  23  feet  above  low  water;  and  at  Langenhour  & 
IsTeason's  mill  the  extreme  high-water  mark  is  at  22.9  feet.  The  floods  are  short,  generally  subsiding  in  from  36  to. 
48  hours.  It  is  said  that  twenty-five  years  ago  high  floods  very  rarely  occurred,  and  their  frequent  occurrence  now  is- 
accounted  for  by  the  clearing  of  the  hills  and  the  removal  of  obstructions  from  the  river.*  The  low  grounds  adjacent 
to  the  river  are  more  frequently  overflowed  than  formerly,  and  more  damage  is  done  to  the  crops. 

The  river  sometimes  brings  down  a  good  deal  of  ice,  so  that  it  cannot  be  ferried;  still  there  is  not  very  much 
difficulty  on  this  account.  The  rise  is  sudden,  the  water  sometimes  rising,  it  is  said,  2  feet  in  20  minutes  at  Kirk's 
ferry  (mouth  of  the  Uwharrie). 

The  annual  rainfall  in  the  valley  varies  from  44  inches  near  the  coast  to  50  inches  between  Cheraw  and  the 
"narrows",  and  44  to  50  above  the  latter  point.  The  table  on  pages  82  and  83  gives  more  detailed  information 
regarding  the  rainfall  above  the  important  powers,  and  of  its  distribution  through  the  year. 

The  following  table  gives  the  elevations  of  the  various  points  on  th«  stream,  distances,  and  declivity : 

Table  of  declivity  of  YadMn  river. 


Place. 


Month 

Cheraw,  South  Carolina 

Crossing  of  Carolina  Central  railroad 

Foot  of  "narrows",  mouth  of  Uwharriet- 

Head  of  ' '  narrows  "  t 

Crossing  of  Piedmont  Air-Line  railroadj  . 

Poot  of  Bean's  shoal  || 

Head  of  Bean's  8hoal|| 

Wilkeslioro'  || 

Patterson  U 


Distance  from 
mouth. 


Miles. 


149 
169 
216 
220 
256 
321 
325 
378 
410 


Elevation 
above  tide. 


Feet. 


65 
105 
385 
490 
591 
722 
761 
928 
1,250 


Distance  he- 
tween  points. 


Miles. 
I  -         149 

j  20 

I  47 


♦Annual  Report  Chief  of  Engineers,  1879,  p.  628. 
t  Report  of  Chief  of  Engineers,  1879,  p.  725. 
J  From  barometric  observations. 
§  Prom  Professor  Kerr's  Geological  Report. 
IIReportof  Chief  of  Engineers,  1879,  p.  626. 
UPor  elevation  at  Patterson  I  am  indebted  to  Maj.  0. 
superintendent  of  the  Cape  Pear  and  Yadkin  TaUey  railroad. 
738 


Pall  between 
points. 


Feet. 


65 
40 
280 
105 
101 
131 
39 
167 
322 


Pall  between 
points. 


Feet  per  mile. 
0.44 
2.00 
5.  [10 

26.25 

2.81 

2.01 

9.75 

.      3.15 

10.06 


S.  Dwight,  chief  engineer  Chester  and  Lenoir  railroad,  and  to  L.  C.  Tones,  Esq.,  chief  englnoer  and 
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I  have  only  one  measurement  of  the  flow  of  the  river,  viz:  that  of  Professor  Kerr,*  who  states  the  flow  (at  low 
water)  to  be  2,586  cubic  feet  per  second  near  the  crossing  of  the  Piedmont  Air-Line  railroad.  But  as  the  drainage 
area  above  this  place  is  only  3,202  square  miles,  it  seems  impossible  that  this  can  be  anything  near  the  minimum, 
but  probably  nearer  the  ordinary  flow.    I  have  therefore  had  recourse  to  estimation  of  the  flow. 

One  of  the  greatest  drawbacks  to  the  utilization  of  water-power  on  the  Yadkin  is  the  inaccessibility  6f  the  river. 
It  is  crossed  in  its  water-power  portion  by  only  two  railroads,  and  even  these  cross  it  almost  at  right  angles,  so  that, 
as  the  map  shows,  hardly  any  portion  of  the  river  is  of  easy  access.  Various  railroads  have  been  projected  along 
the  river,  and  at  present  two  are  in  course  of  constructiou  or  survey  which  ^ill  do  much  to  open  up  the  river  and 
develop  its  resources.  The  Cape  Fear  and  Yadkin  Valley  railroad,  which  at  present  extends  only  from  Payetteville 
to  Egypt,  on  Deep  river,  will  before  long  be  extended,  passing  through  Greensboro',  and  striking-  the  Yadkin  river 
some  10  or  12  miles  southeast  of  Pilot  mountain,  near  the  southeast  corner  of  Surry  county,  whence  it  will  follow  the 
valley  of  the  Yadkin  up  to  Wilkesboro'  and  beyond.  The  Chester  and  Lenoir  railroad,  now  being  built,  runs 
from  Chester,  South  Carolina,  through  Lincoln  ton  and  Lenoir,  striking  the  Yadkiu  valley  near  Patterson,  and  will 
be  continued  across  the  Blue  Eidge  to  Elizabethton,  in  eastern  Tennessee.  A  road  has  also  been  spoken  of  up  the 
valley  of  the  Yadkiu  in  the  lower  part  of  its  course  in  North  Carolina,  passing  the  "narrows";  but  I  do  not  know 
that  any  steps  have  yet  been  taken  toward  obtaining  a  charter. 

I  proceed  to  describe  the  river  more  in  detail,  with  its  various  water-powers,  in  order,  commencing  at  its 
mouth. 

Below  Cheraw  there  is,  of  course,  no  power,  and  the  river  has  the  same  general  character  as  the  Cape  Pear 
below  Payetteville,  so  that  it  need  not  be  described  here. 

Between  Cheraw  and  the  crossing  of  the  Carolina  Central  railroad,  a  distance  of  20  miles,  the  fall  is  at  the  rate 
of  2  feet  per  mile,t  and  the  width  of  the  river  350  to  500  feet.  There  are  11  shoals  in  this  distance,  but  none  of 
much  importance,  and  none  in  themselves  available  for  power,  although,  by  the  constructiou  of  a  long  canal,  power 
might  be  secured.  Such  a  plan  would  not,  however,  be  advisable.  At  Cheraw  the  river  is  only  350  feet  wide,  and 
the  greatest  rise  in  freshets  is  34  feet.    The  bed  is  generally  rock  and  bowlders. 

Between  the  Carolina  Central  railroad  crossing  and  the  mouth  of  Little  river,  a  distance  of  IG  miles,  there  are 
two  shoals  which  might  be  utilized.  The  first  is  Bluitt's  falls,  perhaps  5  miles  above  the  railroad.  A  dam  with  a 
height  of  9  feet  is  considered  practicable  here,  and  sufQcient  to  render  the  stream  navigable,  so  that  9  feet  may  be 
considered  the  available  fall.  This  shoal  is  used  by  a  small  grist-mill  and  cotton-gin  in  Eichmond  county,  using 
6J  feet  fall  and  some  12  horse-power.  The  dam  is  a  primitive  wing-dam.  The  second  shoal  is  at  Grassy  islands,  10 
miles  above  the  railroad.  This  is  really  the  first  fall  of  importance  on  the  river,  and  is  probably  at  the  crossing 
with  the  fall-line.  The  river  is  very  wide  and  dotted  with  islands,  and  the  banks  are  said  to  be  favorable  for  the 
utihzation  of  the  power.  In  the  engineer's  report  above  referred  to  it  is  proposed  to  overcome  the  fall  by  four  locks 
and  dams,  with  9  feet  lift  each,  or  36  feet  in  all,  but  the  distance  in  which  this  fall  occurs  is  not  stated.  This  shoal  is 
utilized  by  a  small  grist-mill,  using  probably  some  10  or  15  horse-power  and  a  small  fall.  Three  miles  or  thereabouts 
farther  up  is  another  similar  mill.  The  total  fall  in  the  river  between  the  railroad  and  Little  river  is  estimated  at 
100  feet,  and  the  width  varies  from  554  to  627  feet.  The  greatest  rise  on  record  at  Little  river  is  19.77  feet. 
Between  Little  river  and  Eocky  river,  11  miles,  the  fall  is  said  to  be  about  60  feet,  and  there  are  several  shoals, 
though  their  falls  are  unknown.  Between  Eocky  river  and  Shankle's  mill,  11  miles,  the  fall  is  about  65  feet,  with 
several  shoals.  Thence  to  the  mouth  of  the  Uwharrie  river,  9  miles,  the  fall  is  55  feet;  and  in  this  section  are  two 
shoals,  Swift  Island  shoal  and  Greenville's  shoals,  the  former  being  1  mile  and  the  latter  2  miles  in  length.  Swift 
Island  shoal  is  the  first  place  on  the  river  where  power  has  been  used  to  any  considerable  extent,  a  cotton-mill,  with 
8  or  9  feet  fall,  being  located  here.  The  dam  is  of  rock,  4  or  5  feet  high,  extending  across  the  river  in  the  form  of  a 
A,  and  a  head-race  about  half  a  mile  long  leads  to  the  factory,  which  is  on  the  east  side  of  the  river,  while  on  the 
west  side  was  a  grist-mill,  run  from  the  same  dam,  but  burned  a  short  time  ago.  There  is  also  a  grist-mill  on  the 
east  side  near  the  factory.  Mills  have  been  in  operation  here  for  50  or  75  years.  At  present  about  40  horse-power 
is  used,  and  the  miUs  are  stopped  by  high  water  about  12  days  in  the  year.  The  entire  property  is  for  sale.  This 
place  is  about  8  miles  east  of  Albemarle,  the  county -seat  of  Stanley  county,  and  is  about  27  miles  from  the  nearest 
railroad  station.  Concord,  on  the  Piedmont  Air-Line.  Before  proceeding  farther,  it  is  to  be  remarked  that,  as  the 
table  of  utilized  power  wiU  show,  there  are  various  other  small  grist-mills  on  the  river  below  Swift  island  with 
small  faUs  and  power. 

At  Gunsmith's  shoal,  just  below  the  mouth  of  the  Uwharrie,  on  the  east  side  of  the  river,  is  Dr.  Krou's  grist- 
mill, using  4  or  5  feet  fall,  with  a  wing-dam.  At  the  mouth  of  the  Uwharrie  the  river  is  1,155  feet  wide,  and  the 
greatest  rise  is  12  feet. 

Four  miles  above  the  mouth  of  the  Uwharrie  is,  perhaps,  the  most  remarkable  power  in  the  state,  the 
"  Ifarrows  of  the  Yadkin."    At  the  upper  end,  before  entering  the  "  narrows",  the  river  is  nearly  or  quite  1,000  feet 

*  Geological  Eeport,  page  40. 

+ Annual  report  of  the  CHef  of  Engineers,  1879,  p.  725.    From  this  report,  on  an  examination  of  the  river  between  Cheraw  and  the  - 
mouth  of  the  Uwharrie,  most  of  the  following  notes  on  that  portion  of  the  river  have  been  taken. 
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wide,  from  which  it  suddenly  contracts,  entering  a  narrow  ravine  between  the  hills,  which  rise  abruptly  on  either  side 
with  rocky  and  almost  perpendicular  banks,  and  through  which  it  pours  with  great  violence,  preserving  for  a 
distance  of  over  a  quarter  of  a  mile  an  average  width  of  not  over  75  feet,  while  in  some  places  the  width  is  only  30  feet. 
No  description  can  do  justice  to  this  place,  which  is  one  of  the  most  wonderful  spots  that  can  be  found  in  the  south. 
In  the  "  narrows  "  proper — the  quarter  of  a  mile  referred  to  above — the  river  has  cut  out  its  channel  in  the  solid  rock, 
the  banks  being  almost  perpendicular  for  a  height  of  5  to  15  feet  above  low  water,  when  they  retreat  nearly 
horizontally,  but  very  broken  and  rough,  and  with  projecting  i^oints  of  rock,  alternating  with  holes  and  crevasses, 
so  that  it  is  difficult  and  tiresome  to  make  one's  way  along,  for  a  distance  of  about  100  to  150  yards  from  the 
immediate  channel,  where  the  hills  rise  very  steeply.  Thus  the  average  width  of  the  ravine  is  in  the  neighborhood 
of  250  yards,  or  rather  less,  while  the  single  channel  of  the  river,  through  which  its  whole  volume  pours  in  low 
water,  is  75  feet,  and  in  places  30,  in  which  the  water  is  said  to  be  very  deep.  The  stream  overflows  its  banks  in 
freshets  and  fills  the  whole  ravine,  although  it  is  very  seldom  that  it  covers  all  the  projecting  rocks.  Below  the 
"  narrows  "  proper  the  stream  widens  to  a  width  of  150  or  200  feet,  and  flows  for  the  succeeding  2J  miles  through  a 
narrow  gorge,  the  banks  on  either  side  being  very  steep  and  rocky  all  the  way,  except  at  one  or  two  places,  where 
small  lateral  valleys  diverge,  and  where  there  is  sometimes  place  to  put  a  single  mill.  The  real  foot  of  the  "narrows" 
is  at  the  extremity  of  this  2J  miles,  at  which  a  small  creek  enters  the  river,  and  where  the  fall,  which  is  very  large 
all  the  way  from  the  head  of  the  "narrows",  comes  to  an  end.  This  place — thefootof  the  "narrows" — is  called  Little 
falls.  Just  below  it  comes  a  long  and  narrow  stretch  called  the  "Lake",  the  river  being  still  confined  between 
rocky  and  almost  vertical  banks,  but  the  fall  being  very  small,  and  the  width  of  the  stream  only  about  100  to  150 
feet,  the  depth  is  very  great.  The  banks  slope  down  at  a  large  angle  straight  into  the  river,  and  are  of  solid 
rock.  At  the  lower  end  of  the  lake,  which  is  between  a  quarter  and  a  half  mile  long,  the  river  widens,  at  a 
place  called  the  Terrapin  Hole,  and  thence  down  to  the  mouth  of  the  TJwharrie,  a  distance  of  three-quarters  of  a  mile 
or  thereabouts,  it  is  interspersed  with  rocks  and  islands,  with  banks  10  to  20  feet  high  on  each  side,  and  behind 
them  flat  lands  for  some  hundred  yards.  Above  the  head  of  the  "  narrows  "  the  banks  on  either  side  are  moderately 
high,  and  behind  them  are  fertile  bottom-lands  and  hills.  The  fall  at  the  "narrows"  has  never  been  accurately 
measured,  and  it  was,  of  course,  not  possible  for  me  to  make  any  such  measurements.  In  fact,  it  is  said  to  be  a 
difficult  and  tedious  undertaking  to  attempt  to  follow  the  river  from  the  head  of  the  "narrows"  to  the  lake.  But 
through  Professor  Kerr,  to  whom  I  have  already  acknowledged  my  great  indebtedness  on  various  occasions,  I  was 
enabled  to  take  some  barometric  readings  at  various  points.  Unfortunately,  however,  the  barometer  was  in  a  state 
of  rapid  change  when  I  was  at  the  "narrows",  and  although  I  took  measurements  of  the  fall  on  two  different  days 
they  agree  poorly  with  each  other.  According  to  the  best  estimate  I  can  make,  the  total  fall  between  the  head  of 
the  "  narrows"  and  the  mouth  of  the  TJwharrie,  a  distance  of  4  miles,  is  about  105  feet,  and  I  am  inclined  to  consider 
this  result  too  small,  rather  than  too  great.  This  fall  is  distributed  about  as  follows :  At  the  entrance  of  the 
"narrows"  there  is  a  fall  of  5  or  6  feet  in  about  150,  according  to  measurements  with  a  pocket-level;  in  the  succeeding 
quarter  of  a  mile— the  "narrows"  proper — the  fall  is  not  less  than  30  feet,  according  to  the  barometer  and  the  pocket- 
level  ;  for  the  next  2  miles  the  rapids  continue  with  a  pretty  uniform  fall  of  about  50  feet  in  all ;  then  comes  Little 
falls,  where  the  fall  is  5  or  6  feet  in  500  and  14  or  15  in  1,000,  from  the  top  of  a  mill-dam  above  the  falls ;  at  the 
ialls  the  river  is  almost  as  narrow  as  at  the  "narrows",  or  about  60  feet  in  one  place;  below  them  comes  the  lake, 
letc,  the  fall  down  to  the  mouth  of  the  ITwharrie  being,  perhaps,  5  or  10  feet. 

According  to  what  has  been  said,  it  will  be  seen  that  this  magnificent  power  is,  unfortunately,  not  available,  or 
only  to  a  very  small  extent.  A  dam  could  be  built  on  the  river  above  the  "narrows",  and  the  water  carried  along  by 
a  flume,  the  mills  being  located  on  the  rocks ;  but  while  such  a  use  of  the  power  would  be  perfectly  practicable, 
no  one  would  think  of  locating  a  large  establishment  right  in  a  gorge  of  the  mountains,  in  such  an  inaccessible 
place  and  on  the  rocky  banks  of  a  river,  where  it  is  liable  to  overflow  in  times  of  high  water.  A  canal  could  not 
be  cut  along  the  "narrows"  except  at  very  large  cost ;  neither  could  it  be  carried  around  the  hills,  except  with  great 
difficulty.  Below  the  "narrows"  proper  there  is  no  horizontal  bank,  as  there  is  at  the  former  place;  but  the  channel 
is  wider  and  the  banks  slope  down  to  the  water's  edge,  so  that  to  canal,  or  even  to  flume,  around  this  part  of  the 
fall  would  be  difficult.  There  are  a  few  places,  where  lateral  ravines  make  down  to  the  river,  at  which  the  banks 
are  not  so  abrupt,  and  where  there  is  room  for  a  single  mill ;  and,  in  fact,  one  small  grist-mill  is  situated  in  this 
part  of  the  "  narrows  ",  near  Little  falls,  being  run  from  a  small  wing-dam,  and  using  a  fall  of  6  or  7  feet;  but  there  are 
no  facilities  for  the  location  of  a  manufacturing  town,  or  even  of  a  large  mill.  There  are  no  low  grounds  between 
the  head  of  the  "narrows"  and  the  mouth  of  the  Uwharrie.  The  rock  in  the  "narrows"  is  a  solid  metamorphic 
conglomerate,  very  hard,  almost  impossible  to  fracture  by  ordinary  blows,  and  certainly  difficult  to  blast.  Some 
power  might  be  obtained  by  damming  the  river  at  the  Terrapin  Hole  and  throwing  the  water  up  over  Little 
falls,  or  at  Little  falls  itself  a  mill  could  be  established ;  but  a  very  small  proportion  of  the  total  power  at  this 
place  is  practically  available.  When  it  is  added  that  the  site  is  30  miles  from  Salisbury,  the  nearest  railroad  point, 
it  wUl  easily  be  concluded  that  it  will  be  a  long  time  before  any  endeavor  is  made  to  utilize  the  power  to  any  large 
extent. 
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I  have  estimated  the  theoretically  available  power,  with  the  result,  in  the  following  table,  taking  the  fall  at  105 
feet.  Of  this  total  power  probably  not  over  500  horse-power  would  be  practically  available  without  great  cost,  and 
even  that,  for  the  present  at  least,  not  economical,  and  only  profitable  for  grist-mills: 

Tahle  of  power  on  the  '^narroics"  of  the  YadMn. 


state  of  flow  (see  pagea  18  to  21). 


"M'iniirmTn 

TVfinimnm  low  season  . . . 
Maximum,  witli  storage 
Low  season,  dry  years.. 


Drainage 
area. 


Square  miles. 


,940 


Fall. 


Feet. 


n05± 


Plow  per 
second. 


Cubic  feet. 

r  866 

1, 100 

3,  350 

I  1,250 


Horse-power  available, 
gross. 


1  foot  Sail. 

98.4 

125.0 

380.7 

142.0 


105  feet  fall. 
10, 330 
13, 125 
39,  97D 
14,  910 


*  See  description. 

Between  the  "narrows"  and  the  railroad  bridge  there  are  several  shoals,  some  of  which  are  said  to  afford  good 
power  and  considerable  fall.  They  are  used  by  small  grist-  and  sawmUls,  with  wing-dams  (Nash  &  Kirk's  mill, 
-west  side ;  Eedwine  &  Pembertou's  mill,  west  side ;  Snotherly  &  Cooper's  grist-,  saw-,  and  wood-turning  mill, 
east  side),  and  in  one  case,  at  Milledgeville,  by  a  cotton  factory,  together  with  a  grist-mill,  using,  in  all,  some  40 
horse-power.  The  dam  at  this  place  is  of  rock,  about  600  feet  long,  and  only  a  wing.  On  the  opposite  side  of  the 
river  are  a  saw-mill,  grist-mill,  cotton-gin,  and  wool-carding  machine,  also  run  from  a  small  wing-dam  across  to  an 
island.     The  stoppage  by  backwater  is  from  six  to  ten  days  in  the  year. 

Above  Milledgeville  there  are  still  several  shoals  and  mills,  viz :  Mott's  falls,  not  used ;  Eeed's  and  Bald 
Mountain  mills,  on  opposite  sides ;  a  mill  on  each  side  at  Bringle's  ferry ;  St.  John's  mill,  1  mile  below  the  bridge.  In 
regard  to  all  these  1  have  no  particulars.  They  are  tabulated  in  the  table  of  utilized  power,  and  it  will  be  seen  that 
the  falls  are  small  as  a  rule,  though  there  is  one  fall  of  28  feet  put  down  in  Montgomery  county.  But  as  I  have  no 
other  mention  of  such  a  fall,  I  am  inclined  to  think  it  must  be  on  some  tributary. 

As  showing  the  topography  of  this  region,  and  how  the  Yadkin  descends  from  an  elevated  plateau,  while  one 
of  its  tributaries,  the  Uwharrie,  flows  along  the  base  of  the  same,  it  may  be  mentioned  that  according  to  a  railroad 
survey  (the  line  of  which  crossed  both  rivers)  the  elevation  of  the  Yadkin  at  Stokes'  ferry,  about  10  or  11  miles 
above  the  mouth  of  the  Uwharrie,  was  190  feet  greater  than  that  of  the  latter  stream  at  about  the  same  distance 
from  its  mouth,  so  that  the  fall  of  the  Yadkin  must  be  at  least  200  feet  within  the  distance  mentioned. 

Above  the  railroad  bridge  the  river  has  been  surveyed  in  detail  by  Mr.  S.  T.  Abert,  United  States  civil 
engineer,  to  whose  report,  published  in  the  Annual  Report  of  the  Chief  of  Ungineers,  1879,  pp.  626-648, 1  must  refer 
for  more  detailed  information  regarding  the  stream,  which  I  did  not  visit  in  this  section.  Mr.  Abert's  survey  extended 
as  far  up  as  Wilkesboro',  and  the  shoals  in  that  distance  are  tabulated  farther  on.  The  following  notes  regarding 
them  are  taken  principall j-  from  his  report : 

Below  Bean\s  shoal  there  are  several  small  grist-mills  on  the  stream,  using  very  primitive  wheels  and  little 
power;  and  several  other  mills,  not  mentioned  in  the  table  of  power,  have  been  operated  at  different  times.  The 
first  mill  of  much  importance  is  Langenhour  &  Reason's,  and  the  dam  is  the  first  one  which  extends  entirely  acro.ss 
the  river,  except  Swicegood's,  about  20  miles  below — a  low  wing-dam  of  stone.  It  is  built  of  wo  oden  frames  planked 
over,  and  the  foundation  is  rock. 

At  Shallow  Ford  shoal  there  is  a  grist-mill  on  the  right  bank,  with  a  wing-dam. 

The  principal  shoal  on  this  part  of  the  river  is  Bean's  shoal,  the  fall  in  4  miles  being  over  39  feet.  The  most 
rapid  descent  is  at  the  head,  being  nearly  17  feet  in  a  mile.  The  bed  of  the  stream  is  very  ragged,  of  stratified 
rock,  which  rises  in  sharp  points  and  rfdges  at  right  angles  to  the  course  of  the  river,  formiug  in  some  places 
natural  dams,  extending  nearly  across,  and  the  channel  is  much  obstructed  and  cut  up  with  rocks  and  islands. 
Between  1820  and  1835  "  the  Yadkin  Navigation  Company  did  considerable  work  at  these  shoals,  with  a  view  to 
rendering  the  river  navigable.  A  dam  was  built  at  the  head  of  the  shoals,  and  a  canal  commenced  along  the 
northern  side  of  the  river.  The  only  trace  of  the  dam  now  to  be  seen  is  the  abutment  at  the  entrance  to  the  canal. 
The  canal  was  completed  for  a  little  more  than  a  mile  from  the  head  of  the  shoals,  and  was  15  to  45  feet  wide  at  the 
bottom.  Where  the  cliff"  forms  one  wall  the  minimum  width  is  15  feet.  At  2,000  feet  from  the  head  of  the  canal  are 
the  ruins  of  a  guard-lock  12  feet  wide.  The  canal  walls  are  of  earth,  except  along  the  foot  of  the  cliffs.  Here  a 
very  good  retaining-wall  was  built  of  stone  quarried  on  the  spot.  The  upper  wall,  700  feet  in  length,  was  built  of 
headers  and  stretchers,  neatly  pinned  with  small  stone,  and  is  in  good  condition.  The  outer  face  has  a  batter  of  2f 
inches  to  the  foot  rise.  The  inner  face  was  left  rough,  and  covered  with  gravel  and  earth.  No  cement  was  used  in  its 
construction.    The  dimensions  are  :  height,  6  to  20  feet ;  top  width,  2.5  feet ;  bottom  width,  about  7  feet.    The  lower 
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■wall,  about  400  feet  iu  length,  is  of  the  same  general  character,  but  in  some  places  has  been  torn  down  to  obtain 
stone  for  the  construction  of  fish-dams.  The  canal  has  been  filled  in  by  the  floods,  and  where  it  runs  through  the 
woods  is  overgrown  with  trees  and  bushes.    No  water  flows  through  it ". 

The  other  shoals  mentioned  call  for  no  special  remark.  The  bed  of  the  stream  is  everywhere  rock,  overlaid 
sometimes  with  gravel,  and  is  most  favorable  to  the  construction  of  dams.  Beside  the  shoals  mentioned  in  the  table 
there  are  many  others  with  smaller  falls,  but  which  might  equally  well  be  used  for  power.  As  regards  the  amount 
of  power  available,  there  is  no  doubt  that  it  is  very  large  indeed,  and  that  almost  every  one  of  these  shoals  might 
be  utilized  to  a  greater  or  less  extent.  Bean's  shoals  would  seem  to  offer  the  most  excellent  site  in  this  part  of  the 
state,  and  it  having  been  considered  practicable  to  build  a  canal  around  the  whole  shoal  it  would  seem  to  follow 
that  the  power  might  be  utilized  without  much  difficulty.  While  the  estimates  of  power  given  in  the  table  are  only 
to  be  regarded  as  rough  approximations,  it  is  believed  that  they  will  serve  to  give  some  idea  of  the  amount  of 
power  which  might  be  obtained.  But  until  larger  establishments  seek  a  location  in  this  vicinity,  and  until  the 
means  of  transportation  are  improved,  the  water-power  of  the  smaller  tributary  streams  will  be  preferred  to  that 
of  the  main  river,  on  account  of  the  smaller  cost,  the  (in  general)  safer  location,  and  the  diminished  liability  to 
stoppage  by  high  water.  But  when  large  amounts  of  iDOwer  are  wanted,  and  money  is  at  hand  to  develop  it,  the 
Yadkin  will,  no  doubt,  be  found  to  afford  a  large  supply. 

Above  Wilkesboro'  the  fall  of  the  river  continually  increases,  and  there  are  some  sites  for  power,  but  regarding 
them  I  could  procure  no  detailed  information.  The  only  power  utilized  is  at  Patterson,  Caldwell  county,  where 
Gwyn,  Harper  &  Co.  have  a  cotton-mill,  using,  as  they  estimate  it,  50  horse-power  and  a  fall  of  25  feet.  The  dam 
is  of  rock,  130  feet  long  and  20  feet  high,  built  in  1850  at  a  cost  of  $500,  and  backing  the  water  a  quarter  of  a 
mile,  without  throwing  the  river  out  of  its  banks ;  and  from  it  a  race  630  feet  long  leads  to  the  mill.  There  is  no 
trouble  with  scarcity  of  water,  and  there  is  waste  at  night  even  at  low  water,  the  mill  running  12  hours ;  so  that  the 
capacity  of  the  stream  here  is  at  all  times  at  least  2  horse-power  to  the  foot  fall,  if  the  above  data  have  been 
correctly  reported.  But  as  the  drainage  area  above  this  place  is  very  small,  according  to  the  map  only  30  or  40 
square  miles,  I  should  estimate  the  capacity  of  the  stream  at  only  about  1  horse-power,  net,  per  foot  fall.  If  the 
data  returned  are  correct,  it  must  be  that  there  are  large  springs  in  the  upper  part  of  the  basin,  rendering  the  flow 
very  large. 

Above  this  the  stream  is  rapid — a  mountain  stream,  with  very  little,  if  any,  power  used. 

It  may  be  remarked  that  there  are  only  three  dams  extending  entirely  across  the  river,  all  above  the  "narrows". 

The  estimates  of  power  given  in  the  following  table  are  liable  to  large  error,  and  it  is  impossible  to  check  them. 
All  of  the  powers  used  seem  large  in  comparison  with  the  drainage  areas  above  them^  as  in  the  case  of  the  one  at 
Patterson,  and  it  seems  probable  that  the  streams  in  the  upper  part  of  the  basin  are  fed  by  large  springs,  which  render 
the  flow  comparatively  constant.  I  have  therefore  made  my  estimates  larger  than  I  should  do  in  ordinary  cases,  and 
they  may  be  found  too  large.  It  is  to  be  remarked,  however,  that  powers  are  often  overstated,  and  that  turbine- 
wheels  are  rated  very  high  as  regards  efficiency.  A  power  of  50  horse-power  at  Patterson,  with  a  fall  of  25  feet,  would 
correspond  to  a  flow  at  all  times  of  0.6  cubic  feet  per  second  per  square  mile.  In  the  Hand-booTc  of  North  Carolina, 
published  by  the  Department  of  Agriculture,  it  is  stated  that  the  factory  there  has  18  looms  and  960  spindles. 


Summary  of  power  of  tlie  Yadkin  river. 


Locality. 


Eainfall. 


a-j 


Total  fall. 


W 


t 


Horse-power  available,  grosa.t 


utilized. 


S'S 


Kemarka. 


Bluitt's  falls 

Grasay  Island  shoal 

Swift  Island  shoal 

Narrows 

Douthet's  mill 

Xangenhour  &  Neason's  dam 
Shallow  Ford  shoal 

Shoal  ahove  Shore's  island  .  - . 

Bean's  shoal  (head) 

Ximo  Eock  shoal 

Shoal  below  Eockfoid 

Seven  Island  shoal 


Miks. 
174.0 
180.0 
212.0 
220.0 
291.5 
298.5 
305.0 

315.2 
324.7 
329.3 
335.8 
337.6 


Sq.m. 
6,650 
6,624 
4,323 
3,938 
1,865 
1,827 
1,812 

1,633 
1,521 
1,165 
1,097 
1,066 
Miles. 


In. 
12 
12 
12 
12 
13 
13 
13 

13 
13 
13 
13 
13 


Feet. 
9.00 
36.00 
9.00 

105.  00 
3.86 
4.57 
7.89 

7.73 
39.17 
10.62 
8.38 
4.02 


Feet. 


*1 

*4 

1,600 


5,660 

9,662 
*4 
*2.59 
4,500 
2,630 


1,500 
5,970 
970 
10,  330 
190 
220 
375 

830 
1,560 
325 
240 
112 


1,900 

7,000 

1,240 

13, 125 

245 

280 

485 

430 
2,030 
425 
320 
145 


5,780 

23,  000 

3,760 

39,  973 

720 

840 

1,440 

1,260 

5,960 

1,240 

920 

426 


2,170 

8,680 

1,400 

14,  910 

280 

325 

650 

490 
2,320 
490 
360 
165 


15- 
25- 
40 
60- 
25- 
20- 
G 


25- 


Feet. 
6.50 


8-9 

6-7 

3.86 

5.00 

11(?) 


1.2- 
0.5- 
6.0± 
0.0- 
14.0- 
15.0- 
4.0- 


3.0- 


Not  availahle. 
Eock  bottom. 

Do. 
Eock  and  gravel 
bottom. 

Do. 
Eock  bottom. 

Do. 

Do. 

Do. 


t  See  pages  18  to  21. 
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Summary  of  power  of  the  Yadkin  river — Continued. 


83 


Locality. 


Long  shoal 

Woodruirs  rish-trap  slioal 

Mitchell's  Island  shoal 

Swan  Creek  shoal 

Heeve's  Island  shoal 

Blair's  Island  shoal 

Total  between — 

'Cheraw 

and  month  of  Uwharrie 

Total  hetween — 

Mouth  of  TTwharrie 

and  railroad  bridge 

Total  hetween — 

Hailroad  hridge 

and  foot  of  Bean's  shoal 

Total  between — 

Poot  of  Bean's  shoal 

and  "Wilkeshoro' 

Total  between — 

"Wilkesboro' 

and  Patterson 

Total  on  river  between — 

'Cheraw,  Soath  Carolina 

and  Patterson,  North  Carolina. 


Mili-s. 
342.0 
345.0 
346.6 
356.7 
306.5 

376.5 

149.0 
216.0 

216.0 
256.0 

236.0 
321.0 

321.0 
378.0 

378.0 
410.0 

149.0 
410.0 


Sq.  m. 
940 
925 
925 
739 
540 

420 

7,175 
3,938 

3,938 
3,202 

3,202 
1,500 

1,600 
372 

372 
30 

7,176 
30 


EainfaU. 


In. 
13 
13 
13 
13 
13 


I  13 


12 


13 


14 


14 


14 


48 


51 


Total  full. 


w 


Feet. 

11.18 

4.55 

4.00 

6.40 


3.44 


320.  00 


206.  00 


206.  00 


322.  00 


1, 185.  00 


t 


Feet. 
*1.61 
1,800 
2,740 
3, 160 
2,700 

1,700 

Miles. 

07 


65 


32 


Horse-power  available,  gross. t 


265 
105 

90 
100 

50 

36 
44,  500 

18, 000 

6,675 


1,600 


75,  375 


a  s 


335 
134 
115 
125 
66 

46 

66,  600 

23,  000 
8,700 


1,925 


1^ 

p." 

« 


1,140 
450 
400 
450 
240 

170 


69,  500 


25,  600 


20,  000 


i,  000 


293,  000 


t- 


CO  t- 

o  a- 

o 
Hi 


385 
155 
135 
145 
75 

53 
64,  600 

26,  300 

10,  000 


2,200 


109,  850 


Utilized. 


300  ± 


200- 


200- 


736 


Feet. 


9^ 


1.0- 


1.5- 


5.0- 


L5- 


1.4- 


Eem.arks. 


Book  bottom. 

Do. 
Gravel  bottom. 
Eock  bottom. 
Eock  and  gravel 

bottom. 
Gravel  bottom. 


*  Miles. 


tSeeijageslS  to21. 


TKIBUTAErES  OP  THE  YADKIN. 

The  lower  tributaries  of  the  Great  Pee  Dee,  viz:  the  Waccamaw,  the  Black,  and  the  Little  Pee  Dee  rivers, 
■scarcely  call  for  a  detailed  description.  Lying  entirely  below  the  fall-line,  their  general  character  will  be  sufiicieutly 
clear  from  what  has  been  already  said  regarding  similar  streams,  and  regarding  the  eastern  division,  as  a  whole,  in 
the  introduction.  The  Waccamaw  rises  in  Waccamaw  lake,  Columbus  county,  Xorth  Carolina,  not  over  25  miles  from 
the  Atlantic,  and  flows  for  a  distance  of  244  (?)  miles  nearly  parallel  to  the  coast,  joining  the  Great  Pee  Dee  at  its 
mouth.  It  is  navigable  for  light-draught  steamers  for  163  miles,  and  for  boats  drawing  3  feet  of  water  up  to 
the  lake.  Its  water-power,  and  that  of  its  tributaries,  does  not  amount  to  much.  The  Black  river,  which  has  its 
sources  in  Kershaw  and  Sumter  counties,  South  Carolina,  is  similar  in  character,  and  has  no  water-power,  except  a 
little  in  the  upper  part,  among  the  sand-hills.  The  Little  Pee  Dee,  which  unites  with  the  Great  Pee  Dee  23J  miles 
above  its  mouth,  is  more  important.  Eising  in  Eichmond  county,  iforth  Carolina,  it  flows  in  a  general  southerly 
course,  as  will  be  seen  from  the  map,  its  length  along  its  general  course  being  about  75  miles,  but  much  greater  by 
the  river,  which  is  quite  crooked,  like  all  the  streams  in  the  low  region  near  the  coast.  The  total  drainage  area  of 
the  river  is  about  3,000  square  miles,  and  it  receives  one  tributary  larger  than  itself,  the  Lumber  river,  from  the  east 
and  north,  which  drains  nearly  1,800  square  miles.  The  sources  of  the  Little  Pee  Dee  are  just  about  on,  or  a  little 
below,  the  fall-line,  in  the  sand-hills;  and  they  therefore  afford  some  power,  their  general  character  being  the  same 
as  that  of  the  sand-hill  tributaries  of  the  Cape  Fear,  which  has  been  described  on  page  61.  Their  declivities  being 
uniform,  no  sites  could  be  specified.  Gum  Swamp  creek  will  serve  as  a  sample  of  these  streams.  There  is  a  cotton 
factory,  saw-  and  grist-mill  at  Laurel  Hill,  on  this  stream,  the  fall  being  ^  feet,  and  the  power  for  the  factory  44 
horsepower,  and  in  all,  perhaps,  60  or  65  horsepower,  which  can  be  obtained  all  the  time  by  drawing  down  the 
water  in  the  pond,  which  covers  200  acres,  during  working  hours.  The  dam  is  of  dirt  and  timber,  7  feet  high, 
and  the  head-race  IJ  miles  long.  As  already  mentioned,  the  constant  flow  of  these  streams,  and  the  large  ponds 
possible,  render  them  valuable  for  power. 

The  Lumber  river  has  its  sources  higher  up  than  those  of  the  Little  Pee  Dee,  in  Montgomery  and  Moore 
■counties,  Forth  Carolina,  but  reaching  little,  if  at  all,  above  the  fall-line.  Its  character  resembles  that  of  the  Little 
Pee  Dee,  and  on  its  upper  part  it  probably  belongs  to  the  class  of  sand-hill  streams.  There  are  no  mills,  except 
small  saw-  and  grist-mills,  on  the  main  stream,  or  on  any  of  its  tributaries. 
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Lynch's  river  rises  ia  the  extreme  southern  part  of  Union  county,  North  Carolina,  and  flows  in  a  south- 
easterly direction  through  South  Carolina,  between  the  counties  of  Lancaster,  Kershaw,  Sumter,  and  Clarendon,  on 
its  right,  and  Chesterfield  and  Darlington,  on  its  left ;  thence  through  Williamsburg,  to  join  the  Great  Pee  Dee, 
about  16  miles  in  a  straight  line,  above  the  mouth  of  the  Little  Pee  Dee.  It  has  its  sources  a  considerable  distance 
above  the  fall-line.  The  stream  is  about  120  miles  long,  following  its  general  course,  but  prolJably  twice  as  long  by  the- 
river,  and  its  drainage  area  comprises  some  1,350  square  miles.  In  its  lower  parts  the  banks  are  low  and  swampy,  and 
it  is  only  in  that  part  which  lies  above  Sumter  county  that  the  stream  is  worth  anything  for  power.  But  although 
its  sources  lie  above  the  fall-line,  I  was  unable  to  learn  of  any  important  shoals  on  the  stream,  and  the  utilized  power 
is  quite  insignificant,  consisting  only  of  that  used  for  a  few  grist-  and  saw-mills.  Between  Kershaw  and  Chesterfield 
counties  the  stream  crosses  the  sand-hill  belt,  and  many  of  its  tributaries  in  those  counties  afford  good  small  powers^ 
the  principal  affluent  being  Little  Lynch's  creek,  from  the  west,  taking  its  rise  in  Lancaster  and  joining  the  main 
stream  in  Kershaw  county,  after  draining  an  area  of  about  170  square  miles,  and  being  utilized  for  a  few  small  grist- 
mills. The  beds  of  these  streams  are  of  rock  down  to  the  fall-line,  or  about  the  lower  end  of  Lancaster  county,  below 
which  they  are  sand  and  alluvium.  The  mills  on  these  streams  have  sometimes  as  many  as  four  run  of  stones,  but 
in  summer  they  are  often  obliged  to  run  a  smaller  number.  The  dams  are  generally  wooden  triangular  frames,  set 
lengthwise  up  and  down  stream,  and  planked  over.  Lynch's  *iver  is  navigable  for  a  considerable  distance  from 
its  junction  with  the  Pee  Dee.  The  freshets  on  these  streams  are  not  very  heavy,  and  there  is  no  trouble  in  keeping 
dams  in  order. 

The  Great  Pee  Dee  receives  in  South  Carolina  several  other  tributaries  resembling  Lynch's  river,  such  as  Black 
creek,  which  rises  in  Chesterfield  county  and  joins  the  river  in  Darlington ;  Crooked  creek,  from  Marlborough  eountyj. 
and  a  creek  from  Chesterfield  county,  which  empties  a  few  miles  below  Cheraw.  These  streams  need  not  be- 
described,  because  they  resemble,  in  every  particular,  the  streams  below  the  fall-line,  which  have  already  been  referred, 
to.  In  the  upper  parts  of  their  courses  they  flow  on  the  sand-hill  belt,  and  afford,  as  a  rule,  good  constant  powers, 
but  with  no  natural  falls,  and  with  a  uniform  declivity,  all  the  power  used  being  obtained  by  damming. 

The  first  tributary  worth  mentioning  in  North  Carolina  is  Hitchcock's  creek,  although  there  are  several  streams, 
below  it  which  are  also  favorable  for  power.  Hitchcock's  creek  flows  entirely  in  Richmond  county,  and  has  a 
length,  in  a  straight  line,  of  only  about  16  or  20  miles,  draining  an  area  of  some  102  square  miles.  It  receives  one- 
tributary  from  the  south — Falling  creek — worth  mentioning  on  account  of  its  utilized  power,  although  it  is  a  small 
stream,  with  a  drainage  area  of  only  about  12  square  miles.  At  the  junction  of  these  two  streams  is  the  town  of 
Eockingham,  the  county-seat  of  Eichmond  county,  with  a  population  of  about  1,600.  These  streams  are  true  sand- 
hill streams,  so  that  for  their  general  character  we  may  refer  to  page  61.  Falling  creek,  however,  differs  from  the 
ordinary  sand-hill  streams  by  having  a  large  natural  fall  near  its  mouth,  which  may  be  its  crossing  with  the  same 
ledge  of  rocks  which  forms  the  fall-line.  Both  streams  are  used  to  a  considerable  extent  to  drive  saw-  and  grist- 
mills, as  will  be  seen  from  the  table  of  utilized  power.  They  are  principally  remarkable,  however,  as  running  two- 
of  the  largest  cotton  factories  in  the  state,  and  they  thus  offer  a  good  example  of  the  large  amount  of  power  which 
may  be  obtained  from  these  unpretending  little  sand-hill  streams.  The  factory  of  the  Pee  Dee  Manufacturing 
Company  is  located  on  Hitchcock's  creek  at  Eockingham,  and  uses  168  horse-power,  with  a  fall  of  17  feet.  The 
dam  was  built  in  1875,  at  a  cost  of  $3,000,  and  is  of  wood  for  80  feet  o-f  its  length  and  of  earth  for  the  remaining  lOO' 
feet.  It  is  17  feet  high,  and  ponds  the  water  over  100  acres  to  an  average  depth  of  14  feet,  affording  reservoir-room 
sufficient  to  allow  of  the  water  being  drawn  down  during  working  hours  without  diminishing  the  head  much,  and 
thus  allowing  of  the  concentration  into  working  hours  of  the  whole  daily  capacity  of  the  stream.  Full  capacity 
can  be  secured  all  the  time,  except  for  a  few  weeks  in  summer,  when  the  available  power  is  only  about  112  horse- 
power.    The  wheel  used  is  a  Hercules  turbine  (Holyoke  Manufacturing  Company). 

On  Falling  creek  is  located  the  factory  of  the  Great  Falls  Manufacturing  Company,  using  112  horse-power  and 
a  fall  of  43  feet.  The  dam  was  first  built  in  1869,  rebuilt  in  1879,  costing  about  $2,000,  and  is  of  wood,  100  feet 
long  and  16  feet  high,  ponding  the  water  over  10  or  12  acres  to  a  depth  of  10  feet.  A  wooden  race,  75  feet  long,, 
leads  the  water  to  the  wheels.  As  in  the  case  of  the  other  factory,  the  water  is  stored  during  the  night.  Full- 
capacity  can  be  secured  for  ten  months,  and  two-thirds  capacity  during  the  remaining  two  months.  During  dry 
summers  between  two  and  three  weeks  are  lost  on  account  of  want  of  water,  and  sometimes  as  much  as  four  or  five 
weeks. 

It  is  interesting  to  calculate  the  amount  of  water  which  may  be  depended  upon  from  these  sand-hill  streams, 
as  was  done  in  the  case  of  the  tributaries  of  the  Cape  Fear,  but  the  inaccuracy  of  the  available  maps  renders  the 
result  liable  to  error  to  an  uncertain  extent.  The  drainage  area  of  Hitchcock's  creek  above  the  factory  is,  according 
to  the  map,  about  86  square  miles.  If  we  assume  that  in  the  low  season  of  dry  years  100  horse-power  (gross)  may  be 
obtained  with  a  fall  of  17  feet  during  12  hours,  or  50  with  the  natural  flow  of  the  stream,  then  the  flow  will  be  about 
0.3  cubic  foot  per  second  per  square  mile.  If  we  assume  that  224  horse-power  (gross)  can  be  obtained  at  ordinary 
stages  of  the  stream  by  drawing  down  the  water  at  night,  then  the  flow  will  be  0.7  cubic  foot  per  second  per  square 
mile.  For  Falling  creek,  if  we  take  the  capacity  at  low  seasons  at  70  horse-power  (gross)  during  12  hours,  we 
find  the  corresponding  flow  to  be  over  half  a  cubic  foot  per  second  per  square  mile,  or  more  than  in  the  case  of 
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Hitchcock's  creek;  and  if  the  capacity  in  ordinary  seasons  be  taken  at  150  horse-power  (gross)  during  12  hours,  we 
obtain  a  flow  of  over  1  cubic  foot  per  second  per  square  mile.  It  would  therefore  seem  that  these  sand-hill  streams 
discharge  from  one-third  to  1  cubic  foot  per  second  per  square  mile  of  drainage  area,  except  during  freshets. 
(Compare  the  remarks  on  pages  C4  and  65.) 

Below  Eockingham  there  have  been  four  mills  on  the  creek,  two  of  which  (Wall's  and  Acoclc's)  are  not  in 
operation.  There  is  also  one  other  site  not  used  just  below  Acock's  mill,  and  above  Eockingham  there  are  three 
others.  On  Falling  creek  there  are  no  mills  of  importance  except  the  factory.  The  fall  of  the  stream  from  the 
foot  of  the  Great  Falls  dam,  on  Falling  creek,  to  the  Pee  Dee,  a  distance  of  5^  miles,  is  41  feet,  or  about  8  feet  to 
the  mile.  The  pond  of  the  Great  Falls  factory  is  about  187  feet  above  tide,  and  the  mouth  of  the  creelc  103  thet 
The  fall  is  said  to  be  just  as  great  for  several  miles  above  Eockingham. 

The  tributaries  to  the  Pee  Dee  from  Anson  county  are  not  of  much  value  for  water-power,  as  they  appear  to 
lie  above  the  sand-hill  belt,  and  are  said  to  be  very  variable  in  flow.  They  are  used  only  for  small  grist-  and  saw- 
mills, which  often  have  to  stop  in  dry  weather.  Little  river,  which  rises  in  the  southern  i)art  of  Eandolph  county 
and  flows  south  through  Montgomery  and  into  Eichmond,  joining  the  Pee  Dee  above  Grassy  Island  shoal,  is  the 
next  tributary  worthy  of  mention,  although  its  water-power  is  not  of  much  importance.  The  length  of  the  stream 
is  about  40  miles  in  a  straight  line,  and  it  drains  an  area  of  about  400  square  miles.  None  of  its  tributaries  are  of 
any  importance.  It  passes  within  a  mile  or  so  of  Troy,  the  county-seat  of  Montgomery  county,  but  there  are  no 
large  towns  directly  on  its  course.  Its  fall  is  not  large,  and  its  flow  is  said  to  be  very  variable — very  much  more  so 
than  that  of  the  sand'-hiU  streams  just  discussed — and  it  is  much  more  subject  to  freshets.  There  are  only  a  few 
small  saw-  and  grist-mills  on  the  stream,  and  although  it  was  said  that  there  are  some  sites  for  power,  especially  on 
its  upper  parts,  none  of  them  are  of  importance.  The  mills  in  use  have  2  or  3  pair  of  stones  and  falls  of  from  6  to 
10  feet,  generally  with  a  dam  of  about  the  same  height.  I  would  estimate  the  flow  of  the  stream  at  about  50  cubic 
feet  per  second  at  a  minimum,  and  90  or  100  in  the  low  season  of  ordinary  years.  The  rainfall  is  about  46  inches, 
12  in  each  season,  except  autumn. 

The  next  important  tributary  is  Eocky  river,  which  rises  in  the  southern  part  of  Iredell  county,  flows  in  a 
general  southeasterly  direction,  making,  however,  several  abrupt  bends,  and  passing  through  Mecklenburg  and 
Cabarrus  counties,  and  then  between  Stanley  on  the  north  and  Union  and  Anson  on  the  south,  its  total  length 
.  along  its  general  course  being  about  75  miles,  and  its  drainage  area  1,405  square  miles.  The  stream  receives  a 
number  of  considerable  tributaries,  viz:  from  the  south  and  west.  Lane's  creek  (140  square  miles),  Eichardsou's 
creek  (199  square  miles),  and  other  smaller  ones;  and  from  the  north.  Long  creek  (158  square  miles),  Irish  Buffalo 
creek.  Coddle  creek,  and  others.  There  are  no  towns  of  importance  on  the  stream.  As  the  drainage-basin  lies 
entirely  above  the  fall-line,  the  stream  offers  some  power.  The  bed  is  rock,  and  in  freshets  the  stream  often  rises 
over  its  banks.  The  power  utilized  is  for  small  saw-  and  grist-miUs  and  a  cotton  factorj%  The  grist-mills  have 
generally  2  run  of  stones,  which  they  can  run  almost  all  the  time,  although  the  flow  of  the  stream  is  said  to  be 
quite  variable.  The  cotton  factory,  which  is  located  not  far  from  Concord,  uses  probably  not  over  25  horse-power 
with  a  fall  of  13  feet,  and  can  run  all  the  time.  1  visited  no  particular  sites  on  the  river,  none  having  been  brought 
to  my  notice.  The  information  which  I  was  able  to  collect  is  very  meager,  but  it  seems  probable  that  there  is  not 
very  much  power  on  the  stream.  I  would  estimate  the  flow  at  its  mouth  at  between  400  and  500  cubic  feet  per 
second  in  the  low  season  of  ordinary  years.    The  rainfall  is  about  50  inches. 

The  Uwharrie  river,  which  enters  the  Yadkin  in  Montgomery  county  just  below  the  "narrows",  rises  in  the 
northwestern  part  of  Eandolph  county,  and  pursues  a  course  nearly  due  south  through  that  county  and  Montgomery, 
its  length  in  a  straight  line  being  about  37  miles,  and  its  drainage  area  317  square  miles.  It  passes  by  no  important 
towns,  and  has  no  large  tributaries.  Its  water-power  is  not  considered  valuable,  and  is  only  used  for  country  saw- 
and  grist-mills,  having  generally  2  run  of  stones.  Tlie  bed  is  rock,  and  the  banks  generally  tolerably  high  on  the 
lower  part,  though  the  low  grounds  are  more  extensive  on  the  upper  parts.  There  are  no  falls  on  the  stream,  and 
all  the  power  has  to  be  obtained  by  damming.  The  stream  is,  on  the  whole,  rather  sluggish,  having  a  small  fall, 
and  crossing  the  ledges  of  rock  at  small  angles,  as  has  been  noticed  when  speaking  of  the  "  narrows"  of  the  Yadkin. 
Its  flow  is  exceedingly  variable — in  fact,  the  stream  is  said  to  become  nearly  dry  in  summer — due,  perhaps,  to  the 
fact  that  it  comes  out  of  the  slaty  region,  which  has  been  referred  to  when  speaking  of  the  Deep  river.  On  this 
account  its  water-power  is  of  small  value,  and  the  mills  have  often  to  stop  in  summer.  The  lowest  mill  is  about  6 
miles  from  the  Yadkin,  below  which  the  fall  is  very  small.  A  short  distance  above  it  is  an  old  site,  now  not  used, 
but  probably  not  of  much  value.  The  freshets  are  heavy  and  sudden,  as  is  to  be  expected  in  the  case  of  a  stream 
from  the  slate  region. 

Above  the  Uwharrie  there  are  several  small  streams  in  Eowan  and  Davidson  counties,  but  they  are  hardly 
worthy  of  special  mention,  being  utilized  only  by  saw-  and  grist-mills,  and  are,  as  a  rule  sluggish,  with  no  fall  or 
available  power  of  much  importance. 

The  next  important  affluent  is  the  South  Yadkin  river,  which  rises  in  the  southern  slope  of  the  Brushy 
mountains,  in  Alexander  county,  and  flows  a  little  south  of  east  through  Iredell,  and  between  Davie  and  Eowan 
counties,  joining  the  Yadkin  a  little  above  the  railroad  bridge,  its  total  length  in  a  straight  line  being  about  42 
miles,  and  its  drainage  area  820  square  miles.     Two  of  its  tributaries  from  the  north  are  worth  naming,  viz: 
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Hunting  and  Eocky  creeks,  which  drain  respectively  146  and  94  square  miles.  The  bed  of  the  stream  is  rock, 
overlaid  in  places  by  detritus;  the  banks  moderately  high,  although  overflowed  in  places  in  times  of  freshet;  the 
fall  considerable,  and  the  flow  more  constant  than  in  the  case  of  any  of  the  tributaries  thus  far  mentioned  above 
the  sand-hill  belt.  The  power  of  the  stream  and  of  its  tributaries  is  utilized  to  a  considerable  extent  by  saw-  and 
grist-mills  and  a  few  cotton  factories,  as  will  be  seen  by  the  table  of  utilized  power.  The  first  mill  on  the  stream 
is  4  miles  from  its  mouth,  at  South  river  (Foard  &  Lindsay's),  and  has  a  fall  of  6  feet,  with  a  dam  of  the  same 
height  and  about  240  feet  long.  About  30  horse-power  is  utilized,  but  the  available  power  is  much  greater. 
The  drainage  area  above  being  about  800  square  miles,  I  would  estimate  the  capacity  at  perhaps  18  horse-power 
per  foot  fall  in  very  dry  seasons,  and  at  27  to  30  in  the  low  seasons  of  ordinary  years.  This  mill  is  sometimes 
troubled  with  backwater.  The  dam  backs  the  water  about  3  miles,  nearly  up  to  the  foot  of  the  next  power  above, 
Hairston's  or  Perkins'  shoal.  This  shoal  is  the  most  important  one  on  the  stream,  and  is  some  12  miles  from 
Salisbury,  and  above  the  mouth  of  Third  creek.  The  stream  has,  with  a  daia  3^  feet  high,  a  fall  of  15  or  16  feet 
in  a  quarter  of  a  mile,  but  the  principal  part  is  at  the  upper  end,  being  13  or  14  feet  in  200  yards.  There  was  at 
one  time  a  race  cut  on  the  north  bank  to  the  foot  of  the  shoal,  a  quarter  of  a  mile  long,  and  along  it  were  a  foundry, 
a  woolen-mill,  and  a  grist-mill.  At  present  there  is  a  race  200  yards  long,  at  the  end  of  which  is  a  grist-mill,  with  a 
fall  of  13  feet,  and  there  is  also  a  saw-mill  50  yards  from  the  dam  with  a  fall  of  12  feet.  The  power  used  is  probably 
not  over  40  horse-power.  The  dam,  which  extends  entirely  across  the  stream,  is  250  feet  long,  3J  feet  high,  built  of 
wood  about  eleven  years  ago  at  a  cost  of  $1,250,  and  backing  the  water  for  a  mile  or  so,  it  is  said.  The  location  is 
an  excellent  one — safe,  and  with  good  facilities  for  canals  and  buildings.  The  practically  available  fall  being  taken 
at  about  13  feet,  and  the  drainage  area  above  being  in  the  neighborhood  of  591  square  miles,  I  would  estimate  the 
power  about  as  follows  ; 

Table  of  power  at  Hairston^s  Falls,  South  YadMn  river. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


Fall. 


Flow 
per  second. 


Horse-power  available, 
gross. 


Minimnm 

Minimum  low  season  ... 
Maximum,  with  storage 
Low  season,  dry  years.. 


Squaremiles. 


591 


Feet 


1  foot  fall. 
13.4 
16.8 
63.6 
19.1 


13  feet  fall. 
175 
220 
825 
250 


Above  this  shoal  there  are  no  mills  for  a  long  distance,  and  there  are  no  important  powers.  On  the  upper  part 
of  the  stream  there  are  small  mills,  but  none  worth  mentioning. 

The  tributaries  to  the  South  Tadkin  afford  some  very  good  small  powers.  Second,  Third,  Fourth,  and  Fifth 
creeks,  from  the  south,  are  all  utilized  to  a  greater  or  less  extent  by  small  mills,  but  are  not  very  favorable ;  and 
Bear,  Hunting,  Eocky,  and  Snow  creeks,  from  the  north,  are  also  used.  Hunting  creek  has  a  cotton  factory  at  Eagle 
Mills  with  a  fall  of  18  feet  and  60  horse-power,  it  is  said,  the  dam  being  3J  feet  high,  and  the  race  400  feet  long. 
This  stream  is  said  to  offer  a  number  of  sites  not  used,  and  it  is  probable  that  the  tributaries  from  the  north  all 
have  a  much  greater  fall  than  those  from  the  south.  Hunting  creek  drains  an  area  of  about  146  square  miles,  and 
the  area  above  the  factory  is  about  100.  I  would  estimate  the  power  at  the  factory  at  between  2  and  3  horse-power 
gross  per  foot  fall  in  low  seasons  of  ordinary  years — nearer  3  than  2 — or  perhaps  40  horse-power  net,  with  18 
feet  fall  and  a  good  motor.  The  amount  of  power  actually  used  in  the  factory  is  uncertain.  Eocky  creek  has  also  a 
cotton  factory  at  Turnersburg,  using  a  fall  of  19  feet  and  about  80  horse-power  during  ten  mouths,  and  60  during 
the  remaining  two.  The  drainage  area  is  about  88  square  miles  above  the  factory  and  94  at  the  mouth  of  the 
stream.    This  stream  is  similar  in  character  to  Hunting  creek. 

The  tributaries  to  the  Yadkin  from  Forsyth,  Davie,  and  Yadkin  counties  are  not  worthy  of  special  mention, 
as  they  are  small,  and  in  some  cases  very  sluggish,  offering  no  powers  of  importance.  In  Surry  and  "Wilkes  counties 
we  come  to  a  number  of  streams  which  rise  in  the  Blue  Eidge  and  pursue  a  southerly  course  to  the  river,  draining 
a  country  very  well  wooded  and  having  a  very  considerable  fall.  In  Wilkes  county  there  are  also  a  few  streams  of 
this  class  which  rise  on  the  south,  on  the  northern  slope  of  the  Brushy  mountains,  and  flow  nearly  north.  All  of 
these  streams  are  said  to  afford  numerous  excellent  sites  for  power,  only  a  few  of  which  are  at  present  utilized. 
They  flow  over  rocky  beds,  with  banks  generally  favorable  for  the  construction  of  dams,  and  their  flow  is  said 
not  to  be  very  variable.  They  are  bordered  with  fertile  and  cultivated  bottom-lands.  Their  drainage  areas  are 
given  in  the  table  on  page  87,  and  as  I  was  unable  to  visit  this  part  of  the  state  on  account  of  its  inaccessibility  I 
cannot  present  much  detailed  information  regarding  them.  The  brief  notes  which  follow  below  comprise  all  that  I 
was  able  to  collect.  The  rainfall  over  all  this  upper  part  of  the  Yadkin  valley  is  about  51  inches — 13  in  spring,  14 
in  summer,  10  in  autumn,  and  14  in  winter.  As  regards  the  flow  of  the  streams,  I  do  not  present  any  detailed 
estimates,  because  they  are  liable  to  be  too  far  out  of  the  way.  According  to  all  the  information  which  could  be 
obtained  regarding  power  utilized,  the  flow  must  be  large  compared  with  other  streams  of  similar  drainage  area 
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thus  far  considered.  1  would  be  inclined,  however,  to  estimate  the  flow  in  the  low  season  of  ordinary  years  at 
between  0.20  and  0.35  cubic  foot  per  second  per  square  mile  of  drainage  aroii,  varying  between  these  figures  for 
drainage  areas  between  30  and  300  square  miles  in  area. 

The  first  of  these  streams  met  with  is  the  Little  Yadliin,  which  flows  south  from  Stokes  county,  and  is  not  very 
important.  The  next,  and  the  largest  of  them  all,  is  Ararat  river,  which  has  its  source  in  Patrick  county,  Virginia, 
and  flows  south  through  Surry,  draining  315  square  miles.  It  is  said  to  be  a  very  fine  stream  for  power,  and  is 
utilized  for  saw-  and  grist-mills,  and  for  a  cotton  factory  at  Mount  Airy,  with  a  fall  of  13  feet  and  20  or  30  horse-])ower. 
On  its  tributaries  there  are  also  a  few  woolen-mills,  and  there  are  said  to  be  numerous  sites  not  utilized.  The 
remaining  tributaries  in  Surry  county  are  Fisher's  and  Mitchell's  rivers.  Elkin  creek,  which  flows  for  the  greater 
part  of  its  course  in  Wilkes  county,  is  used  at  Elkin  for  a  woolen  and  a  cotton  factory  (Elkin  Manufacturing  Company), 
with  a  fall  of  22  feet,  and  using  70  horse-power  during  nine  months -and  about  50  during  the  remaining  time. 
Owyn  &  Chatham  have  also  a  woolen-mill  and  a  flour-  and  grist- mill  at  the  same  place,  but  from  a  different  dam, 
the  fall  used  being  15  feet;  35  horse-power  is  used  in  the  flour-mill.  Elkin  creek  is  said  to  be  a  very  good  stream  for 
power,  there  being  numerous  falls  not  used.  Three  miles  above  Gwyn  &  Chatham's  factory  is  a  site  known  as 
Carter's  falls,  said  to  be  a  very  fine  power,  with  a  large  fall  in  a  short  distance.  The  banks  of  these  streams  being 
generally  tolerably  high,  dams  can  be  built  without  doing  much  damage  by  overflow,  so  that  almost  the  entire  fall 
of  the  streams  is  said  to  be  practically  available  for  power,  and  there  seems  no  doubt  that  a  large  amount  of  power 
could  be  utilized.  It  is  to  be  added  that  this  part  of  the  state  is  remarkable  for  its  healthy  and  salubrious  climate. 
The  principal  drawback  at  present  is  its  inaccessibility,  the  Elkin  factory,  for  example,  being  40  miles  from  the 
nearest  railroad  station.  The  other  streams  belonging  to  this  class  need  not  be  referred  to  in  detail,  as  I  am  able 
to  present  no  particulars  regarding  them  beyond  what  has  already  been  given.  They  ofier  numerous  sites  for  good 
small  powers,  but  in  all  probability  none  of  them  would  afford  more  than  2  or  3  horse-power  per  foot  fall  in  dry 
seasons.     Sites  can  be  found  on  them,  however,  where  falls  of  20  or  30  feet  can  be  obtained. 

The  following  table  will  give  in  a  more  connected  form  a  view  of  the  drainage  areas  of  the  various  streams 
tributary  to  the  Yadkin  and  Great  Pee  Dee : 

Drainage  areas  of  the  tributaries  of  the  Yadhin  and  Great  Pee  Dee  rivers. 


stream. 


Tributary  to  wliat. 


Place. 


Drainage 
area. 


Waccamaw  river 

Do 

Do 

Black  river 

LitUe  Pee  Dee  river  . 

Do 

Do 

Do 

Lumber  river 

Lynch'a  river 

liittle  Lyncli's  creek. 

Black  creek 

Jones'  creek 

Hitchcock's  creek  . . . 

Do 

Palling  creek 

Little  river 

Brown's  creek 

TTwharrie  river 

Eocky  river 

Do 

Long  creek 

Kicliardson's  creek  , . 

Lane's  creek 

Crane  creek 

Grant's  creek 

South  Tadkin  river. . 

Do 

Third  creek 

Pourth  creek 

Bear  creek ...» 

Dutchman's  creek  . . . 
Hunting  creek 

Do 

Eocky  river 

Do 


Great  Pee  Dee 

...do 

...do 

....do 

...do  

...do  

...do 

....do  

Little  Pee  Dee 

Great  Pee  Dee 

Lynoh's  river 

Great  Pee  Dee 

...do 

....do  

...do 

Hitchcock's  creek  . 

Great  Pee  Dee 

...do 

...do  

....do 

..  do 

Eocky  river 

...do 

....do 

Yadkin 

...do 

...do 

...do 

South  Tadkin 

Third  creek 

South  Tadkin 

...do  

...do 

...do  

...do 

...do 


Sq. 


Mouth 

In  North  Carolina 

In  South  Carolina 

Mouth 

...do 

In  South  Carolina 

In  North  Carolina 

Mouth  of  Lumher  river  . 

Mouth 

...  do 


.do. 
.do. 
.do. 
do  . 


At  mouth  of  Falling  creek. 

Mouth 

...do 

...do 

...do 

...do 

At  Garmen'a  mills 

Mouth 

...do 

...do 

...do 

...do 

...do 

Hairston's  falls 

Mouth 

...do 

...do  

...do  

...do 

Factory 

Mouth 1.  — 

Factory 


milet. 

1,295 

782 

513 

1,510 

3,022 

1,080 

1,942 

415 

1,790 

1,358 

170 

457 

90 

102 

80 

12 

400 

200 

317 

1,405 

623 

153 

199 

140 

103 

84 

820 

691 

215 

08 

40 

18 

140 

100 

94 

88 
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stream. 


Tributary  to  what. 


Place. 


Drainage 
area. 


Second  creek 

Muddy  creek 

Abbott's  creek 

Dutchman's  creek. . . 

Deep  creek 

Little  Tadkln  river . 

Ararat  river 

Do 

Stewart's  creek 

Loving's  creek 

Elkin  creek 

Fisher's  river 

Mitchell's  river 

Eoaring  river 

Mulberry  creek 

E'eddie's  river 

Cub  creek 

Moravian  creek 

Warrior  creek 

Buffalo  creek 


South  Tadkin  . 

Tadkin 

...do 

...*) 

do  ..+ 

...do , 

...do  

do 

Ararat 

..:%, 

Yadkin 

...do 

...do 

...do 

...do  

...do  

...do  

...do 

...do 

...do 


Mouth. 
...do  .. 
...do.. 
...do  .. 
...do.. 


...do  

...do 

Mount  Airy  . 

Mouth 

...do 

...do  

...do  

...do  

...do 

...do 

...do 

...do  

...do  

...do  

...do 


108 
179 
198 

97 
106 

S8 
315 

60 

51 


90 
81 
89 
56 
47 
37 
31 
33 
41 
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Kame  of  stream. 


Tributary  to  what. 


State. 


County. 


Kind  of  milL 


Pea  Dee  river 

Do 

Do 

Do 

Do 

Yadkin  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Vaocamaw  and  tributaries 

Do 

Do 

Black  river  and  tributaries 

Do 

little  Pee  Dee  river  and  tributaries 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

P° 

Ljnch|s  river  and  tributaries 

Do 

Do 

Do 

Do 
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Atlantic  ocean . 

, do 

do 

do 

do 

, do 

do 

do 

do 

do 

do 

do 

do 

, do 

, do 

do 

do 

Great  Pee  Dee. 

, do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

.,...do  

do 

do 


North  Carolina.. 

...do 

...do  

....do 

...do 

...do 

...do  

....do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

South  Carolina. . 

Korth  Carolina  . 

...do 

South  Caioliua. . 

....do 

....do 

...do  

...do  

Korth  Carolina  . 
....do  

...do  

...do  

....do 

...do 

....do  

....do  

South  Carolina. . 
....do 

...do  

..,.do  , 

....do 


Kichmond 

...do  

Anson 

Montgomery 

...do 

...do  

...  do 

...do  

Stanley 

...do 

Eowan 

Davidson 

...do 

Porsyth 

Yadkin 

...do 

Caldwell 

Horry 

Brunswick 

...do 

Clarendon 

Sumter 

.Marion 

...do 

Marlborough  ... 

Columbus 

...do  

Bobeson 

...do  

Bichmond 

...do  

...do 

....do 

TViUlamsburgh  . 

Sumter 

....do 

Darlington 

....&> 


Plour  and  grist. . 

Cotton-gin 

Plour  and  grist.. 

...do 

Cotton  factory . . 

...do  

Plour  and  grist  . 

Saw 

...do  

Plour  and  grist . 

...do  

...do 

Saw 

Plour  and  grist  - 

...do  

Saw 

Cotton  factory . . 
Plour  and  grist . 

...do  

Saw 

Plour  and  grist . 

...do  

...do  


Plour  and  grist 

...do  

Cotton-gin 

Plour  and  grist 

Saw 

Cotton  factory 

Agricultural  implements.. 

Plour  and  grist 

Saw 

Plour  and  grist 

....do  

Saw 

Plour  and  grist 

Bice 


Feet. 
6.5 
6.5 


8.0 


7.0 

7.5 

22.5 

14.0 

36.0 

18.0 

4.0 

18.0 

29.0 

25.0 

13.0 

9.5 

9.0 


67.0 

81.5 

28.5 

35.0 

23.5 

24.0 

195.0 

68.0 

8.5 

5.0 

61.0 

10.0 

61.0 

20.0 


8 

4 

24 

■  49 

30 

30 

120 

16 

12 

120 

84 

99 

26 

40 

10 

26 

50 

22 

6 

12 

136 

96 

128 

60 

65 

20 


6.0 


259 

134 

44 

6 

74 

18 

63 

19 

31 

88 
25 
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Table  of  power  utilized  on  the  Yadkin  {Pee  Bee)  river — Continued. 


Name  of  stream. 


lynoli's  river  and  tilbataries 

Do 

Do. 

Do 

Other  tributaries  of 

Do 

Do 

Do 

Do 

Do 

Dif. 

Do 

Hitchcock's  creek  and  tributaries. 

Do 

Little  river 

Do 

Bocky  river  and  tribntaries 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do- 


South  Yadkin  river  and  tribntaries 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Other  tflbntaries  of. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Ararat  and  tributaries 

Do..... 

Do 

Other  tributaries  of 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what. 


Great  Pee  Dee . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

, do 

do 

Yadkin  river. . . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do.. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do  , 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


State. 


Soutii  Carolina  . 
do 


do 

, do 

do 

do 

do 

do 

do 

do 

do 

do 

Korth  Carolina  . 

do 

do 

do 

do 

do 

, do 


..do. 
..do  . 
..do  . 
..do. 
..do  . 
..do  . 
..do  . 
..do. 
..do. 
..do. 
..do  . 
..do  . 

-do  . 
..do  . 

-do. 
..do  . 
..do  . 
..do  . 
..do. 
..do. 

.do. 
..do  . 

-do. 
..do  . 

.do. 
..do  . 

.do  . 
..do. 

.do  . 

.do  . 

.do. 
,.do. 

-do. 

.do. 

.do  . 

.do  . 

.do. 

.do  . 

.do. 

.do  . 

.do. 

.do. 

.do. 

.do  . 

.do  . 

.do. 

.do. 

.do. 


County. 


Chestorflold... 

KershaiT 

Lancaster 

....do  

Marion 

Darlington  — 

...do 

Marlborough  . 

...  do 

Chesterfield  .. 

....do  

....do  

Kichmond 

...do 

Montgomery. . 

....do 

Anson 

....do 

Stanley 

....do  

Marion 

....do 

Cabarrua 

....do  

....do  

Mecklenburg  . 

Eowan 

....do  

Davie 

....do 

Iredell 

...do 

...do 

...do  

...do 

Alexander 

....do 

...do 

...do 

Bichmond 

....do  

Montgomeiy.. 

....do 

Kandolph 

...do 

Davidson 

....do 

...do 

Forsyth 

Stokes 

...do 

Anson 

...do 

Mecklenburg . 

Eowan 

Davie 

...do  

Tadkin 

Surry 

...do  

...do 

...do 

...do 

...do 

Wilkes 

...do  

...do  


Kind  of  mill. 


Flour  and  grist 

Saw 

...do 

Flour  and  grist 

...do  

Saw 

Flour  and  grist 

...do  

Cotton-gin 

Flour  and  grist 

Saw 

Tar  and  turpentine 

Cotton  factory 

Saw 

..  do 

Flour  and  grist 

...do 

Saw 

Flour  and  grist 

Saw 

...  do 

Flour  and  grist 

...do 

Saw 

Cotton-gin 

Flour  and  grist 

....do 

...do 

...do 

Saw 

...do  

Leather , 

Cotton-gin 

Flour  and  grist 

Cotton  factory 

...do 

Saw 

Furniture 

Blacksmithing 

Flour  and  grist 

Cotton-gin 

Flour  and  grist 

Saw 

...do 

Flour  and  grist 

....do 

Saw 

Cotton.gin 

Flour  and  grist , 

....do 

Saw 

...do 

Flour  and  grist 

....do 

...do  

...do  

Saw 

Flour  and  grist 

Cotton  and  woolen  factory  . 

Flour  and  grist 

Saw 

...do 

Flour  and  grist 

Cotton  and  wool 

Flour  and  grist 

Saw 

■Woolen , 


S 


Feet. 
27.0 
7.0 
12.0 
62.0 


87.0 
12.0 


60.0 
10.0 
27.0 
77.0 
21.0 
14.0 
85.0 
28.0 
10. « 
72.0 
220.0 


34.0 

38.0 

92.0 

124.0 

101.0 

37.0 

97.0 

15.0 

56.0 

456.0 

37.0 

60.0 

12.0 

7.0 

7.0 

50.  O' 

10.0 


8.0 

52.0 

206.0 

240.0 

80.0 

9.0 

227.0 

70.0 


23.0 

125.0 

38.0 


9.0 


53.0 
112.0 

69.0 

63.0 
163.0 

37.0 
140.0 

12.0 


70 
10 
20 
46 
53 
34 

200 

154 
16 
38 
02 
40 

280 
40 
42 

127 
45 
22 

258 
80 
20 

122 

321 
60 
55 
27 
42 

148 

171 
38 

109 
10 
31 

480 

140 
92 
15 
10 
4 
54 
20 
92 
16 
66 

192 

446 

164 
4 

188 
58 
73 
36 

137 
27 

132 

75 

8 

171 
95 

133 
96 
37 

110 

102 
14 
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VII.— THE  SANTEB  RIVER  AND  TRIBUTARIES. 


Drainage-basins  of  the  Santee  and  Udisto  rivers,  South  Carolina. 

DRAINAGE  AEBAS. 

Square  miles. 

Santee  river,  at  mouth 14,725 

Congaree  river,  at  mouth 7,965 

Congaree  creek,  at  mouth 115 

Edisto  river,  at  mouth 2, 883 

North  fork  Edisto  river,  at  mouth ' 745 

South  fork  Edisto  river,  at  mouth 790 

Shaw's  creek,  at  mouth ..-.  119 

Eocky  creek,  at  mouth 195 

THE  SANTEB  EIVEE. 

The  Santee  river  is  formed  by  the  junction  of  the  Congaree  and  the  Wateree  rivers  at  the  angle  of  tlie  four 
counties  of  Eichland,  Sumter,  Oran  geburgh,  and  Clarendon,  South  Carolina,  whence  it  flows  in  a  general  direction  nearly 
southeast  between  Clarendon,  Williamsburgh,  and  Georgetown  counties  on  its  left,  and  Orangeburgh  and  Charleston 
on  its  right,  emptying  into  the  Atlantic  ocean  about  10  miles  north  of  Cape  Eomain.  Its  total  length,  in  a  straight  line, 
is  about  90  miles,  and  by  the  river  about  184  miles.  There  are  no  towns  on  the  river,  although  it  is  navigable  for  its 
entire  length,  it  being  considered  practicable  to  secure  a  depth  of  7  feet  at  low  water  for  154  miles  and  5  feet  for  the 
remaining  distance.  The  river  flows  through  a  fertile  country,  cotton  being  the  principal  staple  on  the  upper  part 
and  rice  on  the  lower,  and  the  banks,  more  or  less  subject  to  overflow,  are  lined  with  extensive  forests  and  swamps. 
As  the  river  lies  entirely  below  the  fall-line,  and  as  its  general  character  corresponds  exactly  with  that  of  the  Great 
Pee  Dee  below  Cheraw,  it  need  not  be  described  further.  The  total  .area  drained  by  the  stream  is  about  14,700 
square  miles,  and  it  has  no  tributaries  of  much  importance  below  the  junction  of  the  Wateree  and  the  Congaree.  The 
width  of  the  stream  varies  from  200  to  600  feet,  and  its  fall  averages  about  half  a  foot  to  the  mile.  The  utilized 
power  on  its  tributaries  is  tabulated  herewith, 

THE  WATEEEE  (OE  CATAWBA)  EIVEE. 

The  Catawba  river  rises  on  the  eastern  slope  of  the  Blue  Eidge,  in  McDowell  county,  North  Carolina,  its  main 
source  being  between  the  Blue  Eidge  and  a  spur  of  the  same  known  as  Bald  mountain.  It  first  flows  nearly 
northeast  into  Burke  county,  and  then  nearly  east  between  Caldwell  and  Alexander  on  its  left  and  Burke  and 
Catawba  counties  on  its  right.  It  then  bends  quite  abruptly  toward  the  south,  and  flows  in  a  direction  a  little  east 
of  south  between  Iredell  and  Mecklenburg  counties,  North  Carolina,  and  Lancaster,  Kershaw,  and  Sumter  counties, 
South  Carolina,  on  its  left,  and  Catawba,  Lincoln,  and  Gaston  counties,  North  Carolina,  and  York,  Chester, 
Fairfield,  and  Eichland  counties.  South  Carolina,  on  its  right,  uniting  with  the  Conga,ree  to  form  the  Santee.  It 
also  flows  for  a  short  distance  through  Kershaw  county.  South  Carolina.  Its  general  course  is  seen  to  be  nearly 
parallel  to  that  of  the  Yadkin  and  the  Great  Pee  Dee.  The  river  is  known  as  the  Catawba  down  as  far  as  the  mouth 
of  the  Big  Wateree  creek,  in  Fairfield  county,  South  Carolina,  below  which  point  it  is  known  as  the  Wateree.  Its 
total  length,  in  a  straight  line,  is  about  160  or  170  miles,  but  by  the  general  course  of  the  river  it  is  nearly  225  miles, 
and  over  300  miles  if  all  its  windings  are  followed.  The  length  of  the  Wateree  is  about  105  miles,*  and  the  total 
length  in  South  Carolina  about  160  miles.  The  principal  town  on  the  river  is  Camden,  South  Carolina  (population 
1,780),  there  being  no  important  ones  above. 

The  stream  is  navigable  as  high  as  Camden,  it  being  probably  practicable  to  secure  a  depth  of  2  feet  and  over 
up  to  this  place.  One  light-draught  steamer  now  plies  upon  the  river.  Above  Camden  the  fall  of  the  stream  ia 
so  great  that  navigation  is  not  practicable.  About  the  year  1826  the  state  of  South  Carolina  attempted  to  render 
the  river  navigable  by  means  of  locks,  dams,  and  canals,  and  several  very  extensive  and  important  works  were, 
constructed  at  great  expense;  but  the  undertaking  is  said  to  have  been  given  up  before  the  works  were  completed. 

The  total  area  drained  by  the  stream  embraces  about  5,225  square  miles  (of  which  3,085  are  in  North  Carolina), 
and  the  drainage-basin  resembles  in  many  respects  that  of  the  Yadkin,  so  that  it  need  not  be  described  here  in 
detail.  Like  the  Yadkin,  the  upper  part  of  the  river  flows  between  parallel  ranges  of  mountains,  from  which  it 
recei\'es  a  number  of  tributaries,  affording  considerable  water-power,  and  with  a  rapid  fall,  the  width  of  tlie  valley 
being  about  the  same  as  that  of  the  Yadkin.  In  the  lower  half  of  its  course  in  North  Carolina  the  valley  of  the 
Catawba  is  very  narrow — not  over  15  or  20  miles  in  width — and  it  receives  only  one  important  tributary,  the  South 
fork,  Avhich  enters  from  the  west  near  the  South  Carolina  line,  after  draining  an  area  of  about  730  square  miles. 
Below  this  point  the  valley  is  wider,  but  there  are  no  tributaries  of  much  importance.  A  few  miles  above  Camden 
the  river  crosses  the  fall-line,  and  below  that  point  it  partakes  of  the  general  character  of  the  streams  of  the  eastern 

*  Annual  Report  Chief  of  Engineers,  1680,  p.  915. 
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division.  The  country  drained  by  tlio  river  is  very  fertile  and  Avell  populated,  tlie  productions  being  about  tlie 
same  as  in  the  Yadkin  valley.  The  valley  abounds  in  building-stone  of  the  best  kind,  and  in  Gaston,  Lincoln,  and 
Catawba  counties  there  are  fine  deposits  of  iron  ore. 

As  regards  bed,  banks,  freshets,  and  bottoms,  the  river  resembles  the  Yadkin,  except  that  the  bottoms  are 
narrower  in  the  lower  half  of  its  course  in  North  Carolina.  There  are  no  lakes  in  the  basin,  but  in  the  upper 
part  the  facilities  for  storage  are  said  to  be  good. 

The  average  rainfall  in  the  basin  is  about  50  inches,  of  which  about  12  fall  in  spring,  14  in  summer,  10  in 
autumn,  and  14  in  winter.  Toward  the  upper  part  of  the  stream,  howexer,  the  rainfall  in  -nintor  increases,  and  is 
probably  greater  than  in  the  summer. 

The  elevation  of  the  stream  at  different  points  is  given  in  the  following  table,  from  which  it  will  be  seen  that 
the  fall  is  very  great  for  such  a  large  stream ;  and  it  is  this  large  tall  which  has  prevented  the  river  from  having 
ever  been  made  navigable,  although,  as  already  remarked,  many  years  ago  the  state  of  South  Carolina  expended  a 
great  amount  of  money  endeavoring  to  make  it  navigable  by  means  of  locks,  dams,  and  canals : 

Table  of  dedieihj  of  the  Catawba  and  Watcrce  rivers* 


Place. 


Junction  "with  Congaree 

Crossing  of  Chester  and  Cheraw  railroad 

Crossing  of  Charlotte,  Columbia,  and  Augusta  railroad 

Crossing  of  Charlotte  and  Atlanta  Air-line  railroad 

Crossing  of  Western  railroad  of  Xorth  Carolina 

Five  miles  northwest  of  Uickory 

Morgauton 

Mill  creek  at  Old  Fort 

Mill  creek,  last  crossing  of  Western  railroad  of  North  Carolina. 
Swannanoa  gap  (headwaters) 


Distance  from 
mouth. 


Miles. 


0 
125 
150 
170 
225 
260 
268 
318 
326  ± 
334  ± 


Elevation 
above  tide. 


Feet. 


80  ± 

365 

496 

600 

810 

978 
1,019 
1,510 
2,050 
2,658 


Distance    be- 
tween points. 


Miles. 


125 

-  25 

-  20 

-  55 

-  25 

-  18 

-  50 

-  8+ 
8-f 


Fall   between 
points. 


Feet. 


285 
181 
104 
210 
168 
41 
491 
540 
608 


Fall     between 
points. 


Feet  per  mile. 

2.28 
5.24 
5.20 
3.82 
6.  70  (I) 
-  •  2.28(1) 
9.80 
67.60 
70.00 


*  From  some  discrepancies  in  the  data  obtained  from  various  sourcea  I  am  inclined  to  believe  that  some  of  these  elevations  are  those  of  the  rails,  and  not  of  th© 
water  surface.    On  this  account  this  table  must  bo  considered  as  only  a  rough  approximation. 

The  flow  of  the  river  was  measured  by  Professo'r  Kerr  near  Hickory,  giving  2,156  cubic  feet  per  second,  which 
is  evidently  not  the  low-season  flow,  as  the  drainage  area  above  this  point  is  not  much  over  1,000  square  miles. 

The  map  shows  the  railroads  which  cross  the  stream,  from  which  it  will  be  seen  that  it  is  easily  accessible  in 
almost  all  of  its  parts. 

I  proceed  to  describe  the  powers  in  detail,  ascending  the  river. 

Formerly  the  head  of  navigation  was  5  miles  above  Camden,  at  which  i)oiiit  the  river  crosses  the  fall-line  in  a 
long  shoal  extending  through  several  miles.  When  the  river  was  made  navigable  by  the  state,  in  1826  or  thereabout, 
this  fall  was  overcome  by  a  canal  5  miles  in  length,  with  0  locks,  aggregating  52  feet  fall,*  the  position  of  the  canal 
being  shown  on  the  map.  I  visited  the  place  from  Camden,  from  which  town  it  is  distant  by  road  about  12  miles, 
for  the  purpose  of  ascertaining  the  availability  of  the  power.  The  canal  is  on  the  west  side  of  the  river,  which  it 
leaves  just  below  a  rocky  bluff,  from  which  a  dam  extended  out  into  the  river.  This  old  dam  is  entirely  gone, 
and  I  could  not  ascertain  what  its  height  had  been  ;  but  the  fall  for  the  next  mile  above  is  probably  10  or  12  feet, 
according  to  the  pocket-level,  although  the  stream  is  not  rocky  except  for  a  few  hundred  feet.  The  canal  had  a 
guard-lock  "about  a  quarter  of  a  mile  from  its  head,  and  below  that  it  passes  through  nearly  level  or  gently  rolling 
bottom-lands,  and  is  now  entirely  overgrown  ^vlth  underbrush  and  filled  up  with  deposits  of  all  kinds,  so  that  it  is 
in  some  places  scarcely  distinguishable.  It  retreats  some  distance  from  the  river,  the  bottom  between  them  being  on 
the  average  several  hundred  yards  wide,  and  parts  of  it  are  subject  to  overflow  in  times  of  high  water.  Xear  the  foot 
of  the  canal  is  a  iiight  of  three  locks,  and  a  little  farther  down  the  canal  passes  out  into  Sawney's  creek  by  an 
outlet-lock.  I  was  unable  to  find  the  sixth  -lock  mentioned  by  Mills.  The  principal  part  of  the  fall  in  the  river 
occurs  near  the  lower  end,  or  about  two-thirds  of  the  distance  from  the  head,  and  is  utilized  for  a  small  grist-mill, 
with  two  pair  of  stones,  by  means  of  a  rough  wing-dam  and  a  race  a  quarter  of  a  mile  long,  affording  a  fall  of  6  or 
7  feet  and  a  fall  to  the  tail-race  suflflcient  to  avoid  the  trouble  occasioned  by  ordinary  rises  of  the  water.  Tu  a 
distance  of  rather  over  a  mile,  from  a  little  above  the  head  of  the  race  leading  to  the  grist-mill,  the  fall,  as 
ascertained  by  the  pocket-level,  is  in  the  neighborhood  of  20  feet.  Above  this  the  bottom  bordering  the  river  is 
subject  to  overflow  to  a  considerable  extent,  while  below  it  is  only  occasionally  flooded.  Below  the  mill,  too,  the 
bottom  becomes  narrower,  and  is  more  undulating  than  above.  As  regards  the  most  advantageous  method  of 
utilizing  the  power,  my  examination  was  too  superficial  to  permit  of  any  definite  conclusions  being  reached.  To 
clear  the  old  canal  out  would  require  considerable  work,  although  of  an  easy  kind.  The  capacity  of  the  canal,  too, 
could  be  easily  enlarged  if  it  were  considered  desirable  to  utilize  the  entire  power,  which  might  be  done  by  locating 


(1826). 
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the  mills  at  the  lower  flight  of  locks,  where,  if  we  accept  Mills'  statement,  a  fall  of  some  50  feet  could  be  obtained ; 
and  the  location  here  is  probably  as  safe  and  as  favorable  as  anywhere  along  the  canal.  A  smaller  power  could  be 
much  more  easily  secured  probably  by  building  a  dam  somewhere  near  the  head  of  the  grist-mill  race  (whether  the 
bed  and  banks  there  would  be  found  very  favorable  I  cannot  say)  and  leading  a  canal  down  near  to  the  old  locks, 
in  which  way  a  fall  of  20  feet  might  probably  be  secured,  the  race  being  a  mile  or  so  long.  As  regards  the  amount 
of  power  available,  I  have  tabulated  it  Ibelow,  basing  it,  like  all  my  others,  on  estimates,  in  the  entire  absence 
of  any  data  regarding  the  flow : 

Table  of  power  at  "  Wateree  canal ". 


state  of  flow  (see  pages  18  to  21) . 


Drainage 
area. 


FaU. 


How  per 
Beeond. 


Horse-power 

available, 

gross. 


HoTB9-power 

available, 

gross. 


Minimum 

Minimum  low  season 

Maximum,  with  storage. 
Low  season,  dry  years.-. . 


Sq.  miles. 


4,376 


Feet. 


*52 


1  foot  fall. 
109.4 
150.0 
398.0 
170.5 


52  feet  fall. 

5,700 

7,750 

20,  700 

8,850 


♦MiUa. 

I  did  not  have  time  to  look  at  the  other  side  of  the  river,  and  only  cursorily  at  the  west  side;  but  as  the  canal 
was  built  on  the  west  side,  it  may  be  presumed  that  the  "  lay  of  the  land"  there  is  more  favorable  for  canals  and 
buildings  than  the  other.  The  fall  in  the  river  is  not  accompanied  by  any  violent  commotion,  being  gradual, 
and  the  river  wide,  with  a  large  volume  of  water.  This  power  is  the  first  of  the  four  great  powers  on  the  Catawba 
(Wateree)  river. 

The  second  of  these  powers,  and  the  next  one  above  the  Wateree  canal  which  necessitated  any  extensive 
navigation  works,  is  at  the  great  falls  of  the  Catawba,  near  Eocky  Mount.  Between  the  two  places,  however,  there 
is  a  very  considerable  fall,  it  being  stated  by  Mr.  Wolbrect,  United  States  assistant  engineer,  that  the  fall  in  the 
upper  17  miles  of  the  Wateree  river  is  75  feet,  or  4.5  feet  to  the  mile.*  Nevertheless,  no  particular  water-powers 
between  the  two  referred  to  were  brought  to  my  notice,  although  I  obtained  information  of  a  few  small  grist-mills. 

The  fall  at  the  Great  falls  is  similar  in  some  respects  to  that  on  the  Yadkin  at  the  "narrows",  described  on 
page  80.  The  navigation  works  planned  were  very  extensive.  In  ascending  the  river  the  course  of  the  canal  is  as 
follows:  Leaving  the  river  about  opposite  Eocky  Mount,  on  the  west  side,  it  rises  to  the  level.of  the  bottom  (which 
borders  the  river  at  this  place)  by  a  flight  of  two  locks,  aggregating  about  18  feet  lift,  crosses  the  bottom,  and  after 
passing  around  a  steep  and  rocky  bluff,  at  which  place  it  was  necessary  to  build  the  outer  wall  of  the  canal  of  solid 
masonry  for  a  distance  of  half  a  mile  or  thereabout,  within  which  distance  occurs  one  intermediate  lock,  with  a  lift 
of  about  9  feet,  it  debouches  into  Eocky  creek,  a  small  stream  which  flows  into  the  Catawba  at  a  point  in  the 
neighborhood  of  a  half  or  a  quarter  of  a  mile  above  its  mouth,  opening  into  it  by  a  guard-lock,  with  a  lift  of  about  8 
feet,  situated  at  one  end  of  a  wooden  dam,  which  extended  across  the  creek,  backing  up  the  water,  with  a  navigable 
depth,  to  a  distance  of  about  a  mile.  This  first  canal  is  about  a  mile  in  length,  and  has  a  total  rise,  according  to 
what  has  been  said,  of  about  35  feet  from  low  water  in  the  Catawba  at  the  outlet-lock  to  the  crest  of  the  dam 
across  Eocky  creek.  Between  the  canal  and  the  river  is  a  bottom,  in  which  the  lower  part  of  the  canal  itself  lies, 
and  which  is  subject  to  overflow  in  times  of  freshet.  It  was  probably  on  this  account  that  the  canal  was  car^.ed 
so  closely  around  the  bluff.  In  fact,  this  part  of  the  river,  just  below  the  principal  fall,  is  subject  to  large  rises, 
much  larger  than  within  the  next  few  miles  above,  where  the  declivity  is  great,  and  down  which  the  water  rushes 
so  rapidly  that  the  smaller  declivity  below  is  insufdcient  to  carry  it  off  without  a  considerable  rise.  This  part  of 
the  canal,  as  well  as  that  above,  is  so  overgrown  with  brush  and  by  trees  of  half  a  century's  growth  that  its 
original  dimensions  cannot  be  accurately  determined.  The  lock-chambers  are  about  70  feet  by  10  feet,  and  the 
canal  was  perhaps  20  or  25  feet  wide  at  the  top  and  3  or  4  feet  deep.  The  dam  across  Eocky  creek  was  probably 
about  12  or  13  feet  high,  and  its  pool,  as  before  mentioned,  was  navigable  for  about  a  miie,  at  which  point  the 
second  portion  of  the  canal  commenced,  leaving  the  river  by  a  flight  of  4  locks,  with  together  32  feet  lift,  by  which 
it  rises  to  the  level  of  a  narrow  valley  running  about  parallel  with  the.  Catawba,  but  separated  from  it  by  a  ridge. 
Along  the  side  of  this  valley,  out  of  sight  of  the  Catawba,  although  the  latter  is  only  a  quarter  of  a  mile  distant, 
and  with  a  ridge  nearly  a  hundred  feet  high  between  them,  passes  the  canal  for  a  distance  of  about  2  miles,  at  the 
end  of  which  the  valley  that  it  has  been  following  opens  out  into  the  river,  but  at  an  elevation  above  it  of  20  or  30 
feet,  having  gradually  become  narrower  as  the  river  was  approached,  and  at  its  upper  end  being  very  little  more 
than  wide  enough  to  carry  the  canal  without  cutting  into  the  hill-sides.  Within  this  two  miles,  from  the  point 
where  it  leaves  Eocky  creek  till  it  again  reaches  the  river,  the  canal  has,  in  addition  to  the  4  locks  already 
mentioned,  two  flights  of  locks,  one  with  4  locks,  aggregating  36  feet  lift,  and  another  with  3  locks,  and  in  all  27  feet 
lift,  aR  far  as  could  be  ascertained.  Both  of  these  flights  of  locks  are  situated  in  the  lower  part  of  the  valley 
followed  by  the  canal,  and  at  points  where  it  is  several  hundred  yards  wide.  The  ridge  between  the  river  and  the 
canal  is  interrupted  at  a  point  about  a  quarter  of  a  mile  below  where  the  canal  again  comes  in  sight  of  the  river  by 
a  narrow  ravine,  which  retreats  down  to  the  river,  and  is  not  over  100  feet  wide.  From  the  point  where  the  canal 
reaches  the  bank  of  the  river  it  proceeds  about  a  mile  further,  first  skirting  the  face  of  a  steep  and  rocky  bluff,  and 
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then  across  a  bottom,  and  after  rising  about  9  feet,  by  a  locli  situated  in  the  latter,  it  opens  into  the  river  by  a 
guard-lock  and  a  dam,  which  seems  to  have  extended  across  to  an  island,  backing  up  the  water  between  it  and  the 
right  bank  of  the  river,  as  well  as  some  distance  up  Fishing  creek,  which  enters  a  short  distance  above,  and. 
enabling  boats  to  pass  out  into  the  river,  up  between  the  island  and  the  shore,  and  up  Fishing  creek,  just  as  they 
did  below  up  Eocky  creek.  The  third  portion  of  the  canal,  which  1  did  not  have  an  opportunity  to  examine,  leaves 
Fishing  creek  at  a  point  a  mile  or  so  from  its  mouth  (according  to  the  map),  and  after  a  length  of  a  mile  or  a  mile 
and  a  half,  in  which  distance,  according  to  Mills,  the  fall  is  56  feet,  dpens  into  the  river  again,  which  is  navigable 
from  this  point  to  Landsford,  a.  distance  of  13  miles  or  thereabout.  As  regards  the  river  itself,  its  fall  in  a  distance 
of  a  mile  and  a  half  or  thereabout,  down  to  the  point  where  the  second  portion  of  the  canal  passes  in  behind  the 
ridge,  as  ascertained  by  the  pocket-level,  is  about  35  or  40  feet.  At  this  point  there  was  formerly  a  small  mill. 
Below  this  the  river  is  narrower,  and  the  water  rushes  with  great  velocity  between  steep,  rocky,  and  almost  vertical 
banks,  falling  about  25  feet  in  less  than  a  quarter  of  a  mile,  down  to  the  mouth  of  the  ravine  already  referred  to  as 
running  up  to  the  canal,  making  a  total  fall  to  this  place  from  a  point  not  ifar  from  the  head  of  the  second  portion  of 
the  canal  of,  say,  60  feet  in  a  distance  of  about  one  and  a  half  miles.  Just  below  the  ravine  was  located  a  cotton 
factory,  using  a  fall  of  some  5  to  7  feet,  with  a  wing-dam,  and  built  almost  over  the  water.  The  banks  in  this  portion 
of  the  river  are  so  steep  and  rocky  as  to  preclude  the  construction  of  a  canal  or  of  extensive  buildings,  at  least  on 
the  west  side  of  the  river.  The  cotton  factory  was  a  small  building,  not  more  than  50  by  25  feet.  From  the  mouth 
of  the  ravine  the  river  falls  about  30  feet  in  the  next  quarter  of  a  mile,  making  nearly  100  feet  in  about  2  miles. 
These  are  the  great  falls  of  the  Catawba.  The  total  fall  is  stated  to  be  173  feet  in  8  miles.*  The  largest  fall  in  a 
short  distance  occurs  between  the  old  mill-site  and  the  ravine,  the  river  at  this  point  being  not  over  150  feet 
wide,  while  its  average  width  for  half  a  mile  is  not  over  200  feet  perhaps,  and  at  the  narrowest  part  it  rushes  with 
tremendous  force  over  its  rocky  bed — a  sheet  of  foam,  falling  some  10  or  15  feet  in  150  or  200  feet. 

The  enormous  power  at  this  place  is  entirely  unutilized  at  present,  but  a  considerable  portion  of  it  could  be 
rendered  available  without  much  difficulty,  I  think,  in  various  ways.  I  have  already  mentioned  the  fact  that  except 
for  small  falls  and  small  buildings  there  is  no  opportunity  for  the  utilization  of  power,  along  that  part  of  the 
river  opposite  the  second  portion  of  the  canal.  A  building  might  be  erected  on  the  site  of  the  old  factory  and  a 
fall  of  10  feet  obtained  with  ease,  but  only  room  for  a  small  building.  It  may  be  mentioned  that  the  dwellings  of 
the  factory  operatives  were  on  the  top  of  the  ridge  between  the  river  and  the  canal.  But  any  scheme  for  the 
extensive  utilization  of  the  power  must,  I  think,  include  the  use  of  the  old  canal,  and  in  this  respect  various 
methods  may  be  employed,  as  follows : 

1st.  By  rebuilding  the  dam  at  the  head  of  the  second  portion  of  the  canal,  raising  that  portion  of  the  canal 
below  the  first  lock  and  locating  the  mills  in  or  near  the  ravine  already  described,  discharging  the  water  through  the 
same  into  the  river,  a  fall  of  at  least  50  feet  could  be  obtained,  necessitating,  however,  considerable  work  in  cutting 
out  the  ravine  for  a  tail-race,  and  with  poor  building  facilities.  The  quantity  of  water  will  vary,  of  course,  according 
to  the  dimensions  given  to  the  canal.  If  the  canal  is  not  raised  to  the,  level  of  the  former  dam,  or  nearly  so,  but  is 
left  at  the  ravine,  as  it  was  originally,  the  fall  available  will  be  at  least  30  or  35  feet. 

2d.  At  any  or  all  of  the  three  flights  of  locks  mentioned  above  Rocky  creek  the  facilities  for  utilizing  a  large 
power  are  very  good,  there  being  ample  building-room,  and  the  water  being  discharged  into  Rocky  creek.  This  is, 
in  my  opinion,  the  best  way  of  utilizing  the  power.  The  available  fall  of  all  three  flights  is  95  feet,  and  the  fall  of 
Rocky  creek  would  doubtless  prevent  any  danger  whatever  from  freshets  or  any  trouble  from  backwater ;  of  course 
there  would  be  no  trouble  with  ice.  If  the  level  of  the  canal  were  raised,  so  that  it  ran  (nearly)  level  from  its  head 
to  these  flights  of  locks,  the  available  fall  would  be  increased  to  about  110  feet. 

3d.  As  regards  the  power  on  the  first  (lowest)  portion  of  the  canal,  below  Rocky  creek,  tlici  total  amount 
of  water  brought  through  the  second  portion,  together  with  the  entire  flow  of  Rocky  creek,  could  be  turned  into 
the  canal,  provided  it  were  of  sufficient  capacity  and  utilized  lower  on  the  stream.  By  raising  thatportion  of  the  canal 
below  the  first  lock,  an  available  fall  of  about  30  or  35  feet  could  be  secured  at  the  lower  end ;  but  as  this  whole 
bottom,  through  which  the  canal  passes,  is  subject  to  overflow,  the  facilities  for  building  are  not  so  good  as  in  the 
last  case.  Still,  there  is  no  reason  why  this  fall  could  not  be  utilized,  if  desired.  This  site  would  suffer  also  more 
trouble  with  backwater  than  the  last  one  described,  which  would  be,  in  fact,  almost  absolutely  free  from  it. 
Summing  up  the  lifts  of  all  the  locks  in  the  first  and  second  portions  of  the  canal  we  see  that  the  total  fall  is  130 
feet  and  over,  as  follows : 

One  guard-lock  at  upper  end  of  second  portion,  lift,  say 

One  lock  half  a  mile  below,  lift,  say ^ 

Flight  of  3  locks,  9  feet  each,  behind  ridge,  lift,  say ^ 

Flight  of  4  locks,  9  feet  each,  behind  ridge,  lift,  say "^^ 

Flight  of  4  locks,  8  feet  each,  behind  ridge,  lift,  say "^ 

Guard-lock  at  head  of  first  portion  (lowest),  lift,  say 

Lock,  half  a  mile  below,  close  to  bluif,  lift,  say ^ 

Two  locks,  outlet  to  river,  9  feet  each,  lift,  say 1® 

Total ^^1+ ^ 

*  Mills'  statistics  of  South  Carolina. 
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Mills  states  the  fall  as  121  feet,  and  the  number  of  locks  as  13;  but  as  this  part.of  the  canal  was  in  process  of 
construction  when  his  book  was  written,  some  changes  were  evidently  made  thereafter. 

The  accompanying  sketch  of  the  Catawba  river  at  the  Great  falls.  South  Carolina,  while  it  makes  no  pretensions 
to  accuracy,  will  at  least  give  some  idea  of  the  general  situation. 

The  upper  portion  of  the  canal,  from  Fishing  creek  through  to  the  river,  I  was  unfortunately  unable  to  examine. 
The  power  there  is  said  to  be  available,  a.nd  any  persons  seeking  a  location  will,  of  course,  thoroughly  examine  this 
as  well  as  the  lower  portion  of  the  canal. 

As  regards  the  amount  of  power  available,  I  have  estimated  it  as  follows  : 

Table  of  available  power  at  the  great  falls  of  the  Catawba. 


state  of  flow  (see  pp.  18  to  21). 


Minimam 

Hinimnm  low  season 

MaxiiDTiin,  with  storage  - 
Low  season,  dry  years  . . . 


Drainage  area. 


Square  miles. 


*3, 600 


FaU. 


Feet. 


173 


Flow  per  sec- 
ond. 


Horse-power       Horse-power 
arailable,  gross,  available,  gross, 


1  foot  fall. 

90 

123 

330 

140 


i'lS  feet  fall. 
15,  500 
21,000 
57, 000 
24,000 


Bemarlcs. 


I  Drainage  area  for  second  portion  of  canal  is  3,830, 
and  for  lower  portion  4,015  sijmiire  miles,  taking  in 
Fishing  and  Rocky  creeks. 


*WithOT:t  Fishing  creek. 

To  render  the  whole  of  this  flow  available  would  require  a  canal  of  considerably  larger  dimensions  than  the 
existing  one,  as  will  be  seen  by  reference  to  the  table  of  capacity  calculated  for  the  canals  at  Weldon,  on  the 
Koanoke,  and  Buckhorn  faUs,  on  the  Cape  Fear. 

The  power  just  described  is  about  25  miles  from  Chester,  the  nearest  point  on  the  Charlotte,  Columbia,  and 
Augusta  railroad,  and  about  8  miles  below  where  the  Chester  and  Cheraw  railroad  crosses  the  river.  The  upper 
portion  of  the  canal,  above  Fishing  creek,  is  not  more  than  five  or  six  miles  from  the  latter  road,  so  that  it  has  the 
advantage  in  point  of  location,  and  should  by  no  means  be  overlooked  by  i)ersons  wishing  to  find  power. 

Proceeding  up  the  river,  there  is  no  power  of  much  importance  till  we  ariive  at  Landsford,  about  4  miles  above 
the  railroad,  where  the  third  canal  was  built  by  the  state.  This  canal  was  nearly  2  miles  long,  and  had  a  guard-lock 
and  4  lift-locks,  with  about  35  feet  lift  in  all.  It  passes  through  a  bottom  for  its  entire  length,  retreating  in  some 
places  flbout  300  yards  from  the  river,  leaving  abundant  room  for  building  purposes,  and  is  not  liable  to  be  often 
overflowed.  At  the  head  of  the  canal  a  curved  dam  of  loose  rock  extends  across  to  an  island,  its  length  being- 
about  1,500  feet,  and  its  height  4^  feet.  It  raises  the  water  only  about  2J  feet.  About  a  mile  below  is  a  pair  of  locks 
with  a  lift  together  of  18  feet,  over  which  Mr.  W.  R.  Davie  has  a  grist-mill,  using  a  fall  of  18  feet,  with  a  turbine- 
wheel  giving  25  horse-power,  discharging  the  water  into  the  river  through  a  break  in  the  bank  of  the  canal  below 
the  locks,  and  hnving  a  fall  of  6  or  7  feet  to  the  tail-race.  The  total  fall  from  the  ordinary  level  of  water  in  the  canal 
to  low  water  in  the  river  at  this  place  is  nearly  29  feet.  The  mill  is  not  often  troubled  by  high  water,  owing  to  the 
rapid  fall  in  the  river  for  some  distance  below.  Five  hundred  yards  or  over  below  this  mill  are  two  outlet-locks, 
with  a  total  lift  of  about  17  feet  from  low  water,  and  making  the  total  fall  in  the  canal,  exclusive  of  that  in  the 
guard-lock,  about  35  feet.  With  a  tight  dam  at  the  head  of  the  canal  a  fall  of  40  feet  could  be  obtained,  which, 
however,  could  not  all  be  utilized,  except  perhaps  at  low  water,  unless  the  dam  were  made  over  0  or  8  feet  high. 
The  stream  is  quite  wide  opposite  the  canal,  and  the  rise  in  freshets  not  great. 

The  drainage  area  above  Landsford  is  about  3,425  square  miles.    The  available  power  I  estimate  as  follows : 

Table  of  power  at  Landsford. 


state  of  flow  (see  pp.  18  to  21). 


Minimum 

Minimiun  low  season 

Maximum,  with  storage  . 
Low  season,  dry  years  . .. 


Drainage  area. 


Squa/re  iniles. 


3,425 


FaU. 


Feet. 


Flow  per 
second. 


Horee-power  available,  gross. 


1  foot  fall. 
85.3 
116.7 
330.0 
131.8 


IBfeetfatt. 
1,540 
2,100 
5,900 
2,370 


iO  feet  fall 

3,400 

4,650 

13,  000 

6,270 


Remarks. 


25   horse-power   (net)  util- 
■    Ized. 


This  site  is  within  4  miles  of  the  Chester  and  Cheraw  railaoad,  from  which  a  branch  road  can  be  easily  extended 
to  it.*  It  is  22  miles  from  Chester,  and  about  20  miles  below  the  crossiog  of  the  Charlotte,  Columbia,  and 
Augusta  railroad.  It  will  be  found,  I  think,  to  be  the  most  available  site  which  we  have  thus  far  met  upon  the 
river,  although  I  cannot  speak  of  the  upper  part  of  the  canal  below,  near  Fishing  creek,  not  having  visited  it. 
Opposite  the  canal,  on  the  east  side  of  the  river,  is  a  small  grist-mill,  with  a  wing-dam  and  a  small  fall. 

Above  Landsford  there  are  no  powers  of  importance  in  South  Carolina,  although  there  is  a  small  mill  just 
below  where  the  Charlotte,  Columbia,  and  Augusta  railroad  crosses.  There  are  several  shoals,  with  falls  of  from  3 
to  5  feet,  some  of  which  have  been  used,  but  the  trouble  with  high  water  is  so  great  that  they  are  of  no  value 
A  mile  or  so  above  the  mouth  of  the  South  fork  there  was  a  grist-mill  with  a  fall  of  3  or  4  feet,  and  above  it 
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the  cotton  factory  of  the  Eock  Island  Manufactnring  Company,  which  was  moved  because  the  high  water  was  so 
troublesome,  the  fall  having  been  5  feet.    Both  of  them  were  on  the  Mecklenburg  side. 

It  may  be  mentioned  here  that  the  width  of  the  Catawba  between  the  North  Carolina  line  and  the  mouth  of 
the  Wateree  creek  varies  between  300  and  3,000  feet,  while  the  banks  vary  in  height  Irom  10  to  100  feet. 

The  river  was  surveyed  in  1S24,  under  authority  of  the  state  of  North  Carolina,  between  the  state-line  and 
Moore's  shoals,  10  miles  below  Morganton,  by  Mr.  Haunlton  Fulton,  a  portion  of  whose  map  and  profile  is  in  the 
office  of  the  state  geologist  in  Raleigh,  from  which  the  table. of  shoals  further  on  is  condensed.*  Beside  the  shoals 
mentioned  in  the  table,  there  are  niimerons  others  of  smaller  fall,  but  which,  however,  may  be  more  favorable  for 
power  than  those  named,  being  perhaps  mov,'  favorably  locnted,  and  jicmiitting  the  erection  of  high  dams.  All 
these  points  can  only  be  determined  by  a  survey. 

After  Ross's  falls,  which  is  probably  one  of  the  shoals  referred  to  as  having  been  used  by  a  small  mill,  or 
perhaps  a  factory,  the  next  important  shoal  is  Tuckasegee  shoal  (also  called  Powder-Mill  shoal),  close  to  the  crossing 
of  the  Carolina  Central  railroad.     It  is  only  utilized  on  the  west  side  by  a  grist-mill,  with  about  4  feet  fall. 

Three  miles  above  it  is  the  fourth  large  power  on  tlie  Catawba,  at  Mountain  Island  shoal,  about  3  miles  above 
the  railroad,  and  above  the  mouth  of  Dutchman's  creek.  The  fall  in  the  river  between  a  point  one  mile  above  the 
factory,  or  a  little  above  the  head  of  the  shoal,  and  the  railroad  bridge  below  is  38  feet,  t  but  of  this  fall  nearly  30 
feet  occurs  in  one  mile  near  the  factory.  The  bed  of  the  stream  is  rock,  the  banks  on  the  east  side  very  bluffy, 
while  they  are  shelving  on  the  west  and  very  favorable  for  building,  with  no  danger  in  high  water.  The  power  is 
utilized  to  a  sma,U  extent  by  the  cotton  factory  of  C  K.  Tate  &  Brothers.  At  the  head  of  the  shoal  is  a  series  of  three 
small  islands  near  the  right  bank,  with  a  distance  of  only  a  few  feet  between  them  and  the  shore,  and  between  the 
islands  and  the  shore  a  certain  amount  of  water  flows  naturally,  with  no  dam  to  turn  it  in.  This  water  is  all  that  is 
used  by  the  factory,  there  being  no  dam  at  the  head  of  the  islands,  and  the  only  dams  being  three  slough-dams, 
connecting  the  islands  with  each  other  and  the  lowest  one  with  the  shore,  the  two  former  of  which  are  of  rough  stone 
and  the  third  of  crib-work,  and  about  40  feet  long  and  8  feet  high.  From  the  foot  of  the  lowest  island  an  artiiicial 
race  about  600  feet  long  leads  to  the  factory,  where  a  fall  of  22  feet  is  used  and  about  190  horse-power;  in  addition 
to  which  there  is  a  grist-  and  saw-mill  and  a  cotton-gin,  using  together  50  to  60  horse-power  and  15  to  16  feet  fall. 
Full  capacity  can  be  secured  all  the  time.  The  total  distance  between  the  head  of  the  small  islands  referred  1;p  and 
the  factorjr  is  about  three-quarters  of  a  mile,  below  which  the  fall  continues  for  a  short  distance.  The  fall  in  the 
canal  is  considerable,  and  I  think  that  the  total  fall  down  to  the  factory  is  in  the  neighborhood  of  26  feet. 

The  drainage  area  above  this  shoal  being  about  1,538  sqiiare  miles,  I  have  estimated  the  power  as  follows : 

Table  of  -poicer  at  Mountain  Island  slwal. 


state  of  flow  (see  pp.  18  to  21). 


Minixnum 

Minimnin  low  season  — 
MaxiiDum,  with  storage. 
Low  season,  diy  years. . . 


Drainage 
area. 


Sq.  miles. 


1,538 


FalL 


Feet. 


*30 


Flow  per 
second. 


Hofse-power  available,  gi'oas. 


1/oot/all. 
34.1 
48.2 
153. 4 
51.1 


25  feet  fall. 

850 

1,  080' 

3,600 

1,275 


30  feet /all. 

1, 000' 
1,  300 
4,000' 
1^500 


*  See  description. 

The  whole  of  this  large  power  is  easily  available  on  the  west  bank,  with  good  facilities  lor  buildings  and  canals. 
A  series  of  mills  could  be  built,  using  an  average  fall  of  25  feet  or  more,  and  with  little  trouble  from  high  water, 
and  none  from  ice.  The  west  side  is  not  so  favorable.  It  is  to  be  remarkkl  that  the  pond  would  probably  be  small, 
and  the  power  could  not  be  concentrated  into  fewer  than  24  hours  except  by  reservoirs  elsewhere.  The  shoal  is 
12  miles  from  Charlotte  and  3  miles  from  the  Carolina  Central  railroad,  with  which  it  might  easily  be  put  in 
communication  by  rail.  It  is  in  the  cotton-belt,  and  in  a  most  healthy  part  of  the  country.  It  is  one  of  the  most 
available  powers  I  visited. 

Just  above  Mountain  island  the  river  makes  a  remarkable  bend,  or  horse-shoe,  the  distance  by  land  acioss 
the  ^chord  being  IJ  miles,  while  it  is  7J  miles  around  by  the  river.  J  This  bend  has  been  talked  of  as  a  site  for 
water-power,  which  would  afford  a  large  fall  if  the  bend  were  cut  through.  According  to  Professor  Kerr,  however, 
the  river  is  sluggish  along  the  bend,  and  the  total  fall  is  small,  some  9  or  10  feet  only. 

I  did  not  visit  any  of  the  shoals  above  Mountain  island,  and  can  therefore  give  no  particulars  regarding  them 
beyond  what  is  in  the  table.  The  next  utilized  power,  however,  if  we  pass  over  a  few  small  saw-  and  grist-iuills, 
is  in  Catawba  county,  where  there  are  two  cotton  factories,  located  between  Buffalo  shoals  and  Lookout  shoals,  and 
within  a  few  miles  of  the  railroad.  The  Granite  shoals  mill,  or  the  factory  of  the  Catawba  Manufacturing  Company 
(A.  M.  Powell,  president),  uses  a  fall  of  5J  feet  and  35  or  40  horse-power.  The  dam  is  of  wood  and  stone,  built  in 
1871,  costing  $1,0,00,  and  the  main  part  of  it  extends  across  to  an  island,  being  200  feet  long  and  5.5  feet  high,  while 
a  wing-dam  700  i;eet  long  and  2  feet  high  extends  from  the  island,  reaching  only  about  half  way  across  the  river. 
There  is  no  race.    Full  capacity  can  be  secured  all  the  time  (except  during  high  Water).    The  other  factory.  Long 

*  Extract  from  Annual  Report  Cliicf  of  Enguieeis,  1876,  p.  33,  etseq.     tFrom  information  furnished  by  B.  S.  Gnion,  C.  E.,  Linoolntou,  N.  0. 
}  Anuu;!l  repoit  Cliiuf  of  Engineers,  ISTf,  jipp.  G,  p.  31.  ^gej 
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Island  factory,  owned  by  Powell  &  Shuford,  uses  7  feet  fall  and  35  or  40  horse-power,  whieh  can  be  obtained  at  all 
times.  The  dam  extends  half  way  across  the  river,  was  built  in  1872,  cost  $3,000,  and  is  of  wood  and  stone,  500 
feet  long  and  4  feet  high.    The  race  is  200  feet  long. 

The  next  improved  power  of  importance^  is  the  mill  of  Eamsour,  Bonnewell  &  Co.,  in  Caldwell  county,  three 
miles  from  Hickory,  but  on  just  what  shoal  I'do  not  know,  although  the  location  corresponds  very  well  with  that 
of  Horseford  shoals,  the  largest  shoal  on  this  part  of  the  river.  They  have  a  dam  made  of  logs,  built  in  1853, 
extending  nearly  half  way  across  the  river,  being  about  250  feet  long  and  18  inches  high.  A  race  one-half  mile  long 
leads  to  the  mills  (grist  and  saw),  where  the  fall  is  8  feet.  Not  over  40  or  50  horse-power  is  used,  which  can  be  obtained 
all  the  time.    If  this  power  is  really  at  Horseford  shoals,  it  is  a  valuable  one,  as  the  estimate  of  power  shows. 

Devil's  shoals  is  said  to  be  a  very  fine  site,  situated  6  miles  from  Hickory  (on  the  OaroMna  Central  railroad)  and 
12  miles  south  of  Lenoir.  It  is  not  improved  at  aU.  A.  ledge  of  rock  is  said  to  extend  entirely  across  the  river, 
offering  a  fine  site  for  a  dam. 

Above  this  I  have  no  detailed  information  of  the  shoals,  but  there  are  doubtless  other  sites  for  power.  The 
stream  is  rapid,  the  bed  rock,  and  the  low  grounds  on  either  side  subject  to  overflow.  Theonly  mills  in  this  part 
of  the  state  are  saw-  and  grist-mills.  Near  Morganton,  at  Eocky  ford,  Major  J.  W.  Wilson  has  a  good  site,  used  for 
a  grist-mill,  the  fall  being  9  feet  and  over,  with  a  dam  2  feet  high,  400  feet  long,  and  a  head-race  of  1,400  feet.  The 
wheel  gives  60  or  70  horse-power,  and  there  is  never  lack  of  water. 

Above  Morganton  the  river  has  a  rapid  fall,  but  it  is  more  gradual  than  below,  the  shoals  being  more  numerous, 
but  not  with  such  great  descents.  Between  Morganton  and.  the  mouth  of  Mill  creek  there  are  197  shoals,  with  an 
average  fall  of  about  2  feet,  the  distance  being  50  miles.    The  valley  narrows  to  two,  one,  and  one-half  miles  in  width. 

In  McDowell  county  the  river  forks  into  Mill  creek,  which  the  Western  North  Carolina  railroad  follows,  and 
the  South  Catawba,  on  which  occur  the  Catawba  faUs,  where  the  fall  is  said  to  be  several  hundred  feet  in  a  short 
distance,  but  the  stream  is  too  small  to  be  used  much  for  power.  Both  of  these  streams,  as  well  as  the  others  which 
enter  the  Catawba  in  McDowell  county,  are  mountain  streams,  with  a  large  fall  and  often  abrupt  descents  of  many 
feet,  forming  cascades  and  cataracts  of  great  beauty.    Some  of  them  are  used  by  small  grist-  and  saw-mills. 

Summary  of  power  on  the  Gatawba  amd  Wateree  rivers. 


Locality. 


Wateree  canal 

Great  falls 

Landaford  shoals 

Koss'  falls - 

Tnckaaegee  shoals 

Mouutalu  Island  shoals 

Ahernathy 's  falls 

Cowan's  ford  shoals 

Beattie's  ford  shoals^ 

Sherrill's  ford  ehoals 

Crawford  Island  shoals 

Small  shoals ,. 

Buffalo  shoals < 

^Lookout  shoals 

Lower  Little  river  shoals 

Canoe  landing  shoals 

Great  falls 

Uorseford  shoals    

Shoal 

Devil's  shoals 

Rocky  ford  shoals 

Between  head  of  Wateree  canal 

and  crossing  of  Chester  and  Oheraw 
railroad. 

Between   crossing    of  Chester   and 
Cberaw  railroad — 

anil    crossing  of  Western   North 
Cai'olina  railroad. 

Between  crossing  of  Western  North 
Carolina  railroad — 

and  Morganton 

Total  between  Camden 

and  Morganton 


Miles. 

85  ± 
117  ± 
130 
161 
169 
175  ± 
178 
188 
194 
210 
212 
214 
215 
222 
224 
225 
231 
233 
235 
245 
249 
251 
2fi2 

90 
125 

125 

225 

225 

262 

75 

262 


I 

n 


I 


Sq.  m. 
4,375 

3,  600-1- 
3,425 
1,725 
1,670 
1,538 
1,500  + 
1,455 
1,420 
1,342 
1,307 
1,290 
1,287 
1,205 
1,200 
1,184 
1,180 
1,125 
l.lOOd: 

964 
935 
018 
557 

4,  370  V 
3,  450  ? 

3,450 

1,200 

1,200 

557 

4,500 

657 


Kainfall. 


In. 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
■12 
12 
12 
12  I 


12     14 


12 


14 


10 


14 


14 


50 


Total  fall. 


w 


Feet. 
52.00 
173. 00 
40.00 

8.13 
11.22 
46.52 

3.93 
27.25 
13.00 
13.13 
23.44 

3.93 
11.41 

9.71 

8.64 
54.25 

9.70 

8.94 
14.82 
31.43 

8.88 
13.78 

9.50 

200  ± 


854i: 


g 


Horse-power  available,  gross  ."^ 


Miles. 
5.00 
8.00 
2.00 
0.90 
1.02 
3.10 
0.22 
4.17 
2.38 
1.88 
1.69 
0.05 
0.66 
2.18 
1.32 
3.20 
1.16 
1.87 
1.02 
2.91 
1.82 
1.01 
0.30 


5,700 
15,  500 

3,400 
300 
425 

1,600 
130 
900 
420 
400 
700 
120 
325 
250 
225 

1,450 
260 
225 
375 
700 
190 
290 
100 


35.  00  i  19,  500 


100.  00 


37.00 


187.  00 


2'J,  500 


52,000 


5  ° 


7,750 
21,  000 

4,650 
400 
525 

2,000 
170 

1,125 
520 
500 
870 
150 
400 
325 
300 

1,850 
325 
280 
475 
875 
240 
360 
140 

24,  000 


28,  000 


5,200 


65,  000 


70,  000 

90,  000 

18,  600 
199.  000 


®  ? 

CD  t*> 

O 
1^ 


28,  000 

32,  500 

6,000 
76,  000 


Utilized. 


607 


Feet. 
7.0 
0.0 

18.0 


22.0 


9.5 


257.5 


a 

I 


0.8 
0.0 
1.2-t- 


30.0— 


Kemarka. 


2.0— 


TTtilized,  80  horse- 
power smi  12.6 
feet  fall. 


These  figures  are 
of  no  practical 
valne. 
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TRIBUTARIES   OF   THE   CATAWBA   (WATEREE)   RIVER. 

The  point  where  the  Wateree  and  the  Congaree  meet  is  nearly  on  the  lower  limit  of  the  belt  of  sand-hills  already 
referred  to,  perhaps  a  little  below  it.  As  a  consequence,  the  tributaries  of  the  Wateree  for  a  distance  of  upward 
of  30  miles  in  a  straight  line  belong  to  the  class  of  sand-hill  streams.  Eegarding  them  but  little  is  to  be  said, 
none  of  them  having  been  utilized  except  to  a  small  extent.  Some  of  them  are  swampy  and  of  no  value,  while 
others  might  be  made  to  afford  large  powers.  The  most  prominent  of  these  streams  are  Big  and  Little  Pine  Tree 
creeks,  the  latter  a  tributary  of  the  former,  which  passes  close  by  the  town  of  Camden ;  and  they  are  said  to  be  the 
best  of  the  sand-hill  tributaries  of  the  Wateree.  The  water-bearing  stratum  of  the  sand-hill  streams  in  this 
neighborhood  is  stated  to  be  an  impervious  white  clay,  while  nearer  the  surface  of  the  ground  is  a  layer  of  pervious 
red  clay.  The  valleys  of  the  two  streams  above  referred  to  are  said  to  be  very  favorable  to  the  production  of  large 
ponds,  so  that  by  damming  large  storage-room  can  be  obtained.  They  are  utilized  by  saw-  and  grist-mills,  and 
offer  some  available  sites  for  power,  regarding  which  I  gained  the  following  information :  Big  Pine  Tree  creek  has 
five  sites,  of  which  all  have  at  some  time  been  improved.  The  lowest  mill,  a  grist-mill  and  cotton-gin,  uses  only  a 
part  of  the  creek,  and  is  subject  to  stoppage  from  backwater,  the  river  (Wateiee)  being  said  to  rise  30  feet  at  times. 
The  available  fall  here  is  said  to  be  18  feet,  subject  to  reduction  by  high  water.  Farther  up  the  stream,  and  just 
above  the  mouth  of  Little  Pine  Tree  creek,  there  was  formerly  a  mill,  using,  it  is  said,  a  fall  of  16  feet,  and  above 
it  was  a  second  mill  with  15  feet,  neither  of  which  is  now  in  existence.  The  fall  in  the  six  miles  just  above  the 
mouth  of  Little  Pine  Tree  is  stated,  and  doubtless  accurately,  at  '30  feet,  and  these  two  sites  are  said  to  be  the  best 
on  the  stream.  The  lower  one  had  a  race  a  mile  long,  but  the  upper  one  had  none.  Above  the  latter  there  are  two 
grist-mills  in  operation.  There  is  no  doubt  that  this  stream  is  an  excellent  one  for  manufacturing  purposes,  and 
that  large  amounts  of  power  could  be  obtained  from  it  at  the  two  sites  near  Camden,  especially  as  it  would  ijrobably 
be  practicable  to  secure  ponds  sufiSciently  large  to  store  all  the  water  during  the  night.  According  to  what  has 
been  said  on  pages  61,  62,  84,  and  85  regarding  these  sand-hill  streams,  and  the  data  which  have  been  obtained 
regarding  their  flow  in  the  cases  of  the  tributaries  to  the  Cape  Fear,  Yadkin,  and  Savannah  (see  page  87),  it  would 
seem  a  fair  allowance,  if  we  assume  them  to  discharge  at  their  minimum  about  half  a  cubic  foot  per  second  per 
square  mUe,  at  their  low-season  flow  0,65,  and  at  their  ordinary  flow  0.75  to.l  cubic  foot.  If  this  is  correct,  the  flow 
of  the  Big  and  Little  Pine  Tree  creeks  would  be  as  follows : 

Table  of  estimated  flow  and  power  of  Big  and  Little  Pine  Tree  creeks. 


Place  and  stream. 


Big  Pine  Tree  at  moutli 

Big  Pine  Tree  atOTe  junction  of  Little  Pine  Tree 
Little  Pine  Tree  at  montli 


Drainage 
area. 


Bq.  miles. 
55 
43 
12 


Ealnfall. 


Flow  per  second. 


03 


In. 

12 


m 


In. 
14-15 


In. 
10 


In. 
13 


a 


In.  ^Ctthicfeet. 

28 

60  U  22 


OuHcfeet. 

36 

28 

8 


Cubicfeet. 
55 
43 
12 


Horse-power,  gross. 


a 


Ifoot/att. 
3.2 
2.5 
0.7 


i  fool  fall. 
4.1 
3.": 
0.9 


1 


Ifootfall. 
6.3 
4.9 
1.4 


It  must  not  be  forgotten  that  these  powers  can  be  doubled  by  storing  the  water  during  the  night,  which  would 
be  doubtless  practicable.  Neither  must  it  be  forgotten  that  the  maps  are  not  accurate,  and  the  drainage  areas  are 
subject  to  error.  The  above  estimates  were  made  independently,  by  comparison  with  other  streams.  It  may  be 
remarked,  however,  that  Mr.  J.  Millar  Williams,  the  owner  of  the  mill  below  the  mouth  of  Little  Pine  Tree  creek, 
and  a  civil  engineer  by  profession,  gauged  the  stream  once,  and  found  that  the  whole  stream  would  afford  ().25 
horse-power  per  foot,  which  agrees  almost  exactly  with  my  estimate  in  the  last  column.  John  McEne,  esq.,  of 
Camden  (civil  engineer),  estimates  the  flow  of  the  stream  above  Little  Pine  Tree  creek  at  100  cubic  feet  per  second. 
At  the  time  I  saw  the  stream  (February,  1881)  it  was  discharging  a  little  more  than  two-thirds  of  this,  according  to 
a  rough  measurement.  The  two  sites  above  mentioned— above  the  mouth  of  Little  Pine  Tree— are  doubtless  Avorl  hy 
of  attention,  and  are  probably  the  best  sites  in  the  vicinity  of  Camden. 

Little  Pine  Tree  creek,  although  a  strong,  constant  stream,  like  the  Big  Pine  Tree,  is  much  smaller,  auil  its 
available  power  is  not  of  very  much  value.  It  was  at  one  time  used  to  run  a  cotton  factory  using  20  feet  fall  and  .SO 
or  35  horse-power,  and  the  same  site  is  now  used  by  a  grist-mill  (1  run)  and  2  cotton-gins,  using  IG  to  1 7  feet  iuU  and 
perhaps  20  horse-power.  The  pond  is  1  mile  long  and  400  feet  wide,  and  the  dam  of  earth  18  feet  high.  On  these 
streams  good  foundations  for  dams  can  always  be  had  on  the  impervious  stratum  forming  tlie  bed. 

The  other  tributaries  to  the  Wateree  furnish  also  good  powers  no  doubt,  but  regarding  them  no  detailed 
information  could  be  obtained.  Toward  the  upper  limit  of  the  sand-hill  l)elt  the  streams  become  very  ^'arial)lc  iu 
their  flow,  and  are  notably  inferior  in  capacity  to  the  sand-hill  streams.  The  next  creek  worth  speaking  of  is  liocky 
creek,  which  flows  for  its  whole  length  in  Chester  county. 


Draining  an  area  of  about  185  square  miles,  aiidsitualed 
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entirely  above  the  sand-hill  belt,  it  has  a  considerable  fall,  especially  in  the  lower  part,  where  it  passes  over  the 
same  rock  formation  which  gives  rise  to  the  Great  falls  o'u  the  Catawba,  and  where  there  are  several  fine  sites 
not  used.  There  are  several  grist-  and  saw-mills  on  the  stream,  but  none  of  much  importance,  and  they  are  sometimes' 
obliged  to  stop  at  low  water.  In  the  table  on  page  101 1  have  given  my  estimate  of  the  available  power  per  fool 
fall  on  this  stream  at  its  mouth. 

FishLng  creek,  which  enters  the  Catawba  a  few  miles  further  up,  is  similar  in  many  respects  to  Eocky  creek.  It 
rises  about  the  center  of  York  county  and  flows  southeast  through  York  and  Chester,  draining  a  total  area  of 
about  223  square  miles.  It  is  utilized  for  several  grist-  and  saw-mills,  and  at  present  two"  cotton  factories  are  being- 
built  on  it.  At  Cedar  shoals,  a  few  miles  from  the  mouth  of  the  stream.  Captain  O.  Barber  is  erecting  a  mill,  to  be 
run  with  the  Clement  attachment,  and  to  use  a  fall  of  10  feet,  with  a  dam  of  the  same  height,  built  of  wood  and 
stone,  and  300  feet  long.  I  have  estimated  the  available  power  at  this  place  at  about  25  horse-power  at  its  minimum 
and  54  horse-power  at  low  seasons  in  dry  years.  Further  up  the  stream  Mr.  F.  Barber  is  putting  up  a  second 
factory,  to  use  29J  feet  fall.  The  dam  is  of  wood  and  stone,  200  feet  long  and  6  feet  high,  and  the  race  is  750  feet 
in  length.  The  available  power  will  probably  not  exceed  75  horse-power  at  low  water  in  dry  years.  The 
grist-mills  on  this  stream  have  generally  two  pair  of  stones,  and  can  run  nearly  all  the  time.  Estimates  of  the 
flow  of  this  stream  will  be  found  in  the  table. 

There  are  no  other  tributaries  to  the  Catawba  worthy  of  special  mention  till  we  come  to  the  South  foi'k,  which 
enters  the  main  stream  just  at  the  state-Une,  and  which  is  noted -for  its  water-power.  It  is  formed  near  the  center 
of  Catawba  county  by  the  union  of  two  forks,  Henry's  and  Jacob's  forks,  both  of  which  take  their  rise  among  the 
mountains  in  the  southern  jjart  of  Burke  county  and  flow  nearly  east  into  Catawba  county.  From  the  junction  of 
these  forks  the  river  pursues  a  course  a  little  east  of  south  through  Catawba,  Lincoln,  and  Gaston  counties, 
entering  the  Catawba  river  at  the  southeastern  corner  of  the  latter,  after  draining  a-  total  area  of  about  730  square 
miles.  Its  tributaries,  with  the  exception  of  the  forks  above  mentioned,  are  all  small  streams,  not  worthy  of  special 
notice.  The  river  passes  within  a  mile  or  two  of  Lincolntou  and  within  3  or  4  miles  of  Newton,  the  county-seats  of 
Lincoln  and  Catawba  counties,  respectively,  and  the  most  important  towns  in  the  vicinity.  The  character  of  the 
drainage  area  and  of  the  stream,  differing  in  no  particular  respect  from  that  of  the  Catawba  river  in  its  course  in  North 
Carolina,  need  not  be  described  in  detail.  The  rainfall  is  about  51  or  52  inches,  distributed  as  follows :  spring,  12 ; 
summer,  14;  autumn,  10;  winter,  16. 

The  stream  has  a  rapid  fall  from  Lincolnton  down  to  its  mouth,  as  will  be  seen  from  the  following  table,  and  in 
fact  it  is  nothing  but  a  series  of  rapids  between  those  points,  with  few  bottoms  subject  to  overflow.  From 
Liucolntoij  up  to  the  junction  of  Henry's  and  Jacob's  forks  it  is  flat,  with  no  large  powers,  and  with  considerable 
areas  subject  to  overflow. 

Table  of  declivity  on  the  South  fork  of  the  Catawba. 


Locality. 


Crossing  of  Charlotte  and  Atlanta  Air-line  railroad 

Crossing  of  Chester  and  Lenoir  railroad 

Crossing  of  Carolina  Central  railroad 


Distance  from 
mouth. 


Milei. 


Elevation  above 
tide. 


Feet. 


610 
704 
749 


Distance    be- 
tween points. 


MUee. 


Difference  of 
level  between 
points. 


Feet. 


Fall  between 
points. 


Feet  per  mile. 

5.5 
7.8 


There  are  no  reliable  records  of  gaugings  of  the  river.  The  stream  is  subject  to  heavy  freshets,  which  overflow 
the  banks  ici  places,  but  the  fall  is  so  rapid  below  Lincolnton  that  the  rise  is  not  extreme  in  that  portion  of  its 
course.  The  bed  is  uniformly  rock  at  the  shoals,  overlaid  between  by  gravel,  clay,  and  sand.  The  stream  is 
easily  accessible  from  three  railroads,  as  the  map  shows.  The  Chester  and  Lenoir  narrow-gauge  road,  now  in 
course  of  construction,  will  do  much  toward  opening  up  the  resources  of  the  region  along  this  stream,  as  well  as  on 
the  Catawba  and  the  Yadkin. 

The  powers  on  this  stream  are  as  follows,  in  their  order,  ascending: 

1.  Stowesville  cotton  factory  (T.  A.  Gaither,  Charlotte),  3  miles  from  Garibaldi,  a  station  on  the  Atlanta  and 
Charlotte  Airline  railroad.  The  dam  is  of  crib-work,  extending  in  a  broken  line  across  the  stream  between  islands, 
its  total  length  being  about  800  feet,  and  its  height  4  feet.  It  was  built  in  1858,  and  cost  $1,000.  It  backs  the  water 
half  or  three-quarters  of  a  mile  with  a  width  of  150  to  200  feet,  the  natural  width  pf  the  stream.  A  race  500  to  600 
feet  long  gives  a  fall  at  the  wheel  of  11  to  12  feet,  the  power  used  being  perhaps  25  to  30  horse-power  for  the 
factory.  Near  the  latter  is  a  grist-mill,  and  on  the  opposite  side  of  the  river  a  saw-mill  and  cotton-gin,  the  total 
power  used  being  perhaps  70  to  80  horse-power.  The  factory  is  run  night  and  day,  and  there  is  always  waste  of 
water.    My  estimate  of  the  power  available  at  this  place  will  be  found  in  the  table. 

2.  Spring  shoals  (E.  Y.  McAden,  Charlotte),  IJ  miles  from  Lowell,  on  the  Charlotte  and  Atlanta  Air  line 
railroad,  and  above  the  mouth  of  Duhart's  creek.  This  is  one  of  the  best  sites  on  the  river,  and  is  now  being 
improved  by  Mr.  McAden,  who  is  putting  up  a  cotton  factory  there.     The  fall  of  the  shoal  is  about  24  feet  in  ail, 
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and  in  less  than  half  a  mile  there  is  said  to  he  nearly  30  feet  fall  over  a  ledge  of  solid  rook,  with  rock  banks,  very 
favorable  for  building  on  one  side.  The  dam  extends  diagonally  across  the  stream,  and  is  of  timber  bolted  to  the 
rock,  the  new  dam  having  been  built  in  1881,  at  a  cost  of  $1,200.  It  is  600  feet  long  and  only  li^  feet  high,  backiug  the 
water  three-fourths  of  a  mile.  A  race  350  feet  long,  50  feet  wide,  and  6  feet  deep  leads  to  the  factory,  where  the  fall 
is  23  feet.  It  is  intended  to  use  200  horse-power,  which  it  is  expected  to  get  at  all  times.  The  table  gives  my  estimate 
of  the  power  a'^ailable.  This  shoal  is  in  the  middle  of  the  cotton-belt,  with  good  building-stone  (gneiss)  near  by, 
an  abundance  of  timber,  and  in  a  very  healthy  country. 

3.  The  Massey  shoal,  an  unimproved  site,  a  mile  above  Spring  shoal,  with  a  fall  of  Hibout  4  or  5  feet  in  a  distance 
of  1,000  feet.    This,  with  the  two  succeeding  powers,  belong  together,  as  will  bo  noticed  below. 

4.  Mill  of  the  Lawrence  Manufacturiug  Company,  a  cotton  factory  (5,000  spindles),  using  a  fall  of  8  feet  aud 
about  60  horse-power.  The  dam  is  of  wood,  GOO  I'eet  long,  5  feet  high,  extending  diagonally  across  the  river,  and  p(^nds 
the  water  about  a  third  of  a  mile,  to  the  next  dam  above.  It  was  built  in  1877,  and  cost  $1,750.  The  race  is  about 
460  feet  long.     Water  always  wastes.     Opposite  it  stood  once  an  old  mill,  now  almost  all  washed  away. 

5.  Mills  of  the  AYoodlawu  ^Manufacturing  Company,  a  cotton  factory  (2,500  spindles  and  50  looms),  cotton-gin, 
grist-  and  saw-mill,' with  a  fall  used  of  8  or  9  feet,  and  in  all  100  horse-power.  The  dam  is  of  logs,  600  feet  long,  5 
feet  high  (on  both  sides  of  an  island),  and  backs  the  water  3  miles.  It  was  built  in  1852.  Full  capacity  can  always 
be  secured,  and  water  always  wastes.     Both  Victories  are  run  23  hours  out  of  the  24. 

The  three  powers  last  mentioned  belong  to  the  Woodlawn  and  Lawrence  Manufacturing  Companies  aud  the 
Lawrence  Water-Power  Company,  of  Lowell,  Gaston  county.  North  Carolina,  of  all  of  which  C.  J.  Lineberger  is 
president,  and  they  really  form  one  continued  shoal,  with  a  gradual  fall  over  a  gravel  bottom  of  26  feet  in  a  distance 
of  a  little  over  tx  mile,  from  the  Woodlawn  dam  to  the  foot  of  the  Massey  shoal.  The  site  is  not  far  from  Lowell, 
which  is  16  miles  southwest  of  Charlotte,  on  the  Atlanta  aud  Charlotte  Air-hue  railroad.  The  fall  from  the 
Woodlawn  pond  to  the  tail-race  of  the  Lawrence  mill  is  16.9  feet,  and  to  the  foot  of  the  Massey  shoal  25.9  feet, 
according  to  a  recent  survey,  the  results  of  which  were  furnished  by  Mr.  N.  Dumont,  the  manager  of  the  companies. 
It  is  proposed  to  utilize  some  of  the  surplus  power  at  this  place,  if  possible,  and  the  company  promises  liberal 
inducements  to  capitalists.  My  estimate  of  the  available  power  (which,  by  the  way,  is  considerably  smaller  than 
that  of  the  compauy)  will  be  found  in  the  table. 

6.  Island  Creek  cotton-mills  (J.  H.  Wilson,  jr.,  Gastonia),  3  miles  fuither  up,  and  just  below  the  mouth  of  Long 
creek,  a  considerable  tributary,  using  a  fall  of  14  feet  and  75  horse-power.*  The  dam  is  a  wooden-frame  dam,  600 
feet  by  4  feet,  built  in  1874,  from  which  a  race  190  feet  long  leads  to  the  wheel.  The  mill  is  run  14  hours  out  of  the 
24,  and  there  is  always  a  surplus  of  water.  The  fall  here  might  be  increased,  it  is  said,  the  available  fall  being  stated 
at  16  to  18  feet,  and  even  more.  There  is  considerable  fall  below  the  miU,  which  is  therefore  never  troubled  with 
high  water. 

7.  The  next  is  an  unimproved  site  with  about  4  feet  fall,  where  there  was  formerly  a  mill. 

8.  Friday  shoals,  not  improved — a  rock  shoal,  said  to  have  10  feet  fall  and  to  be  a  good  power.  It  is  below 
the  mouth  of  Kettle  Shoal  creek,  and  1  mile  from  the  Chester  and  Lenoir  railroad. 

9.  The  next  power  is  High  shoals,  one  of  the  best  powers  on  the  stream.  It  is  situated  between  the  mouths 
of  Kettle  Shoal  creek  and  Hynes  creek,  7  miles  from  Lincolnton  and  1  mile  from  the  Chester  and  Lenoir  raUioad, 
which  crosses  the  river  just  below  it.    The  stream  here  flows  over  a  ledge  of  solid  gneiss-rock,  the  fall  being  about 

.  22  feet  in  300;  but  the  fall  continues  below  for  some  distance,  amounting  to  27  feet  in  600,  and  probably  35  feet  in 
a  quarter  of  a  mile  or  a  little  over.  The  banks  are  quite  abrupt  on  both  sides,  but  there  is  still  abundance  of  room 
for  building,  the  best  location  being  on  the  left  bank.  The  whole  flow  of  the  stream  can  easily  be  controlled,  the 
facilities  being  in  all  respects  most  excellent.  The  width  of  the  stream  is  300  feet  above  the  fall,  and  probabl,\ 
greater  below,  the  channel  being  cut  up  with  islands  and  rocks.  Just  below  the  principal  fall  a  small  creek  enters 
the  river  from  the  left,  which  could  be  utilized  well  as  a  tail-race  if  the  jnills  were  situated  on  the  hUl  by  which  it 
flows.  This  power  was  used  till  about  ten  years  ago  to  drive  iron  works — rolling-mill,  nail-factory,  and  others — 
together  with  a  grist-  and  a  saw-mUl,  situated  on  the  left  bank,  and  using  together  180  horse-power.  Now  it  is  used 
by  a  smaU  grist-  and  saw-mill,  with  a  rough  wing-dam  at  the  head  of  the  falls,  and  using  a  fall  of  about  20  feet.  The 
ruins  of  the  old  iron  works  are  still  to  be  seen,  and  it  is  evident  that  they  utilized  a  fall  of  between  22  and  27  feet. 
In  the  table  I  have  given  the  drainage  area  above  this  place  and  the  estimated  available  power.  In  the 
immediate  vicinity  of  this  place  are  some  of  the  most  noted  deposits  of  iron  ore  in  the  state,  and  the  place  is 
especially  adapted  for  the  iron  manufacturer.  The  Chester  and  Lenoir  railroad  will  aftbrd  the  best  faciUties  for 
ti'ansportation. 

10.  Paper-mill  (W.  &  E.  Tiddy,  Charlotte),  called  Long  Shoal  mills,  situated  below  the  mouth  of  Indian  creek, 
and  within  a  few  miles  of  Lincolnton.  The  banks  are  favorable  for  building  on  the  left,  where  the  mill  is  situated. 
The  dam  is  of  wood  and  stone,  about  1,200  feet  long  and  8  feet  high,  with  a  pond  of  30  acres  and  a  head-race  of 
300  feet.  The  fall  used  is  11  feet,  and  the  power  150  horse-power,  which  can  only  be  obtained  nine  mouths  of  the 
year,  the  average  for  the  remaining  three  being  about  112  horse-power.  In  dry  weather  there  is  no  waste  at  all,  the 
mill  running  24  hours. 

*  lu  statistics  by  special  agent  on  cottou-mills,  fall  stated  as  25  feet  and  40  horse-power. 
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11.  Hosteller's  shoals,  unimproved,  about  half  a  mile  above  this,  have  a  fall  of  7  feet  or  so  over  a  rock  bottom. 

12.  Paper-mill  (W.  &  E.  Tiddy,  Charlotte),  4  miles  from  Lincolnton.  The  dam  is  of  wood  and  stone,  276 
feet  long  and  8  feet  high,  with  a  head-race  of  100  feet,  the  fall  used  being  10  feet,  and  the  power  120  horse-power, 
which  can  always  be  obtained,  but  with  no  waste  in  summer.    The  mill  is -run  24  hours. 

13.  Half  a  mile  above  the  last  mill  is  the  site  of  the  old  Lincoln  factory,  with  a  fall  of  about  8  feet  and  good 
building  facilities.  It  is  now  utilized  to  drive  a  chair  factory.  A  log  dam,  560  feet  long  and  4J  feet  high  (built  iu 
1876  at  a  cost  of  $1,000),  turns  the  water  into  a  race  300  feet  long.  The  fall  used  is  8  feet,  and  the  power  50  horse- 
power, the  mill  running  10  to  15  hours  out  of  24,  and  the  water  being  partially  stored  during  the  night  in  very  dry 
weather.  This  power  (as  well  as  No.  12,  probably)  is  above  the  mouth  of  Indian  creek,  but  below  that  of  Sand 
branch. 

14.  The.  next  power  is  the  cotton  factory  of  Phifer  &  AUison,  using  a  fall  of  6J  feet  and  about  50  horse- 
power, which  can  be  obtained  all  the  time.  Above  it  is  a  saw-mill,  grist-mill,  and  cotton-gin,  using  4J  feet  fall  and 
30  horse-power,  subject  to  stoppage  by  backwater,  and  farther  up  are  small. grist-mUls  and  saw-miUs,  which  it  is 
not  necessary  to  refer  to. 

It  will  be  seen  that  the  south  fork  of  the  Catawba  is  an  excellent  stream  for  power,  a  large  amount  of  which 
is  already  utilized.  The  climate  in  the  vicinity  is  salubrious,  the  agricultural  and  mineral  resources  of  the  country 
very  large,  and  the  facilities  for  manufacturing  in  aU  respects  hardly  to  be  excelled. 

Summary  of  •power  {estimated)  on  the  south  fork  of  the  Gatawba. 

[Powers  are  for  natural  flow,  "without  draTring  down  water  at  night  in  pond.] 


Locality. 


Eainfall. 


Total  fall. 


Horae-power  available, 
gross.* 


a 
I 


si 

a  s 


as 


Si 


utilized. 


=3 


Bemarks. 


Stowesville  cotton  factory,  etc.. 

Spring  shoal 

Masse.v  shoal 

Lawrence  Manufacturing  Com- 
pany. 

Woodlawn  Manufacturing  Com- 
pany. 

Island  Creek  mills 

Unimproved  site 

Friday  shoal 

High  shoaL 

W.  &  E.  Tiddy's  paper-mill 


Miles. 
6± 
8± 

g± 

9.5 

10  ± 
13  ± 


20  ± 
22  ± 


Mosteller'a  shoal 

W.  &  E.  Tiddy's  upper  mill . 


' '  Old  Lincoln  factory  "  . 
Phifer'a  cotton  factory- . 


Sq,  ms. 
720 
688 
675 
675 

675 

640 

600  ± 

550 

518 


450  di 
430 

400-1- 

325 


12 


14 


Feet. 
12.0 
24.0 


18.0-1- 
4.0 
10.0 
27.0 
11.0 


7.0 
10.0 


8.0 
6.5 


■   180 
350 


5,000±      375 


240 
50 
100 
280 
100 


240 
450 


480 


320 
70 
150 
380 
140 


85 
115 


875 
1,700 


1,800 


1,200 
240 
560 

1,400 
560 


325 

450 


325 

200 


280 
500 


550 


375 
75 
175 
450 
150 


100 
130 


70-80 

200 

.       0 


100 

75t 
0 
0 

25 
150 


0 
120 


Feet. 

11-12 

23.0 

0.0 

8.0 

8.0 

14.  Ot 

0.0 

0.0 

20.0 

11.0 


0.0 
10.0 


8.0 
6.5 


60 


42 
0 
0 

21 
200 


0 
192 


118 
183 


Solid  rock. 


Book. 

112  horse-power,  three 

months ;  mill  runs  24 

hours. 
Eock. 
No  waate  in  summer, 

24  hours  run. 
Mill  run  12  hours.    No 

waste  in  dry  wenther- 


*  See  pages  18  to  21. 


t  See  description. 


Dutchman's  creek  enters  the  Catawba  just  above  the  crossing  of  the  Carolina  Central  railroad,  and  is  the  next 
tributary  worth  mentioning  above  the  South  fork.  It  rises  in  Lincoln  county  and  flows  nearly  south,  and  is  a  small 
stream,  with  only  one  power  worth  referring  to,  viz,  Ehyne's  cotton  factory,  close  to  the  mouth,  where  a  fall  of  8  feet  is 
used,  50  horse-power  being  obtained  for  nine  months  and  36  for  the  rest  of  the  time,  a  steam-engine  being  used  during 
that  time;  no  water  waste  in  dry  summers,  the  mill  being  run  all  the  time.  There  is  some  trouble  with  high  water, 
the  stream  being  subject  to  heavy  freshets,  and  there  not  being  many  low  grounds  subject  to  overflow.  Tin-,  .streani 
drains  an  area  of  about  88  square  miles.  Above  Ehyne's  factory  are  only  saw-  and  grist-mills,  the  latter  geuerall y 
with  two  pair  of  stones.  There  are  some  sites  uot  occupied  where  there  have  formerly  been  mills.  TLe  daius  are 
all  wood,  founded  on  rock,  and  sometimes  bolted  down.  The  stream  averages  100  feet  in  width  lor  some  distance 
from  its  mouth.     On  one  of  the  tributaries  of  the  stream  a  sinall  aiQOuut  of  power  is  used  for  au  iron-furnace. 

There  are  no  important  tributaries  to  tbe  Catawba  in  Mecklenburg,  Catawba,  and  Iredell  counties,  the  small 

streams  which  join  the  river  being  only  capable  of  running  small  grist-mills  with  one  or  two  pair  of  stones,  for  which 

purpose  they  are  in  some  cases  used.    Tbo  tributaries  from  the  north  are  more  important.    The  three  Little  rivers — 

Upper,  Middle,  and  Lower — have  considerable  fall,  but  are  very  small  streams,  draining,  respectively,  31,  31,  aud  53 
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square  miles.  On  Lower  Little  river  tliere  are  several  grist-mills  and  one  cotton  factory  near  Taylorsvillo,  witli  a  iall 
of  12  feet  and  a  small  amount  of  power,  and  the  other  two  are  utilized  by  grist-  and  saw-mills.  These  streams  (;an 
probably  hardly  be  depended  on  for  one  horse-power  per  foot  fall  in  dry  seasons  at  their  mouths.  The  tributaries  in 
Caldwell  and  Burke  counties  are  of  more  importance.  Gunpowder  creek,  from  the  north,  drains  an  area  of  about  31 
square  miles,  and  is  about  like  the  Little  rivers.  Lower  creek,  from  the  same  side,  drains  117  square  miles,  but  is  said 
to  have  little  power.  John's  river,  also  from  the  north,  drains  120  square  miles,  but  is  not  used  except  for  one  mill, 
allhough  it  has  considerable  fall.  Upper  creek  (nortli  side)  drains  45  square  miles,  andhasa  cascade  about  18  miles 
from  Morgauton,  but  of  no  value  for  power.  Linville  river  (north  side)  drains  61  square  miles,  flowing  through  a 
very  narrow  valley,  and  has  a  cascade  about  28  miles  from  Morganton,  but  which,  like  that  of  Upper  creek, 
is  of  no  value  for  power.  It  has  one  mill  near  the  mouth.  The  tributaries  from  the  south  are  more  sluggish,  but 
on  Hunting  creek  there  is  a  grist-mill.     Silver  creek  is  very  sluggish. 

Ill  McDowell  county  the  character  of  the  streams  is  the  same.  Those  which  rise  in  the  mountains  are  small, 
and  are  subject  to  considerable  fluctuations  in  voliune,  but  have  a  very  large  fall.  Mtyor  Wilson,  for  examijle,  has  a 
mill  on  Mill  creek  with  a  fall  of  40  feet,  and  he  calculates  that  the  power  is  75  horse-power  at  all  times.  There  are 
many  oth.er  similar  sites  in  the  mountains.  North  Cove  creek,  which  drains  about  83  square  miles,  is  said  to  be  a 
good  stream,  and  it  has  one  good  shoal  not  far  from  its  mouth,  where  there  were  formerly  iron  works.  All  these 
streams  are,  in  fact,  a  succession  of  shoals,  but  the  powers  are  all  small,  and  many  are  very  inaccessible.  That  they 
have  a  rapid  fall  will  be  seen  from  the  fact  that  the  elevation  of  the  gap  at  the  head  of  Linville  river  is  4,100  feet, 
and  that  of  the  gap  at  the  head  of  the  North  Catawba  3,407  feet. 

Before  leaving  the  Catawba  river  it  must  be  remarked  that  few  rivers  present  so  many  fine  powers  and  so  many 
advantages  of  all  kinds  for  manufacturing.  The  stream  seems  destined,  with  the  great  interest  now  being  taken 
in  manufactures  in  the  South,  to  become  a  great  manufacturing  river. 

Table  of  flow  and  power  (estimated)  on  the  tributaries  to  the  Wateree  and  Catawba  rivers. 


N^ome  of  Btream. 


Big  Pine  Tree  creek  . . . 
Little  Pine  Tree  creek  . 

Rooky  creek 

Fishing  creek 

Sontli  fork,  at  month. . . 

Dutchman'^  creek 

Sugar  creek 

Lower  Little  river , 

Middle  Little  river 

TTpper  Little  river 

Gunpowder  creek 

Lower  creek 

Jolin'B  river 

Upper  creek 

Linville  liver 

Mill  creek 

North  Cove  creek 


Bainfall. 


Sq.  mi. 

55 

12 

185 

223 

730 

88 

380 

53 

31 

31 

31 

117 

119 

45 

61 

24 

83 


Flow  per  second.* 


Cm,,  ft. 
|<t, 

18 
25 
130 
10 
50 


Cu.ft. 


25 
40 
175 
15 
60 


Cu.ft. 


160 

200 

650 

75 


Cu.ft. 


50 

200 

20 

70 


Horse-power  avaUahle,  gi-oss. 


I  ft.  fall. 


2.0 
2.8 
14.7 
1.1 
5.6 


Iftfall. 


3.0 
4.5 
19.8 
1.7 
6.8 


Iftfall 


18.2 
22.8 
73.8 
8.6 
37.5 


1ft.  fall. 


3.-4 
5.6 
22.7 
2.3 
8.0 


Flow  in  dry  seasons  only  anficient  to  run  siull  mills  with  the  falls  in  use :  varies 
one-tenth  to  one-flfth  of  a  cnbio  foot  per  second  per  square  mile  in  dry  seasons. 


from 


'  See  pages  18  to  21. 


t  See  page  07. 


THE  CONGAEBE  EIVEE. 

The  Congaree  is  formed  by  the  junction  of  the  Broad  and  the  Saluda  rivers  between  Lexington  and  Eichland 
counties,  South  Carolina,  whence'  it  flows  in  a  general  southeasterly  direction,  forming  the  boundary  between 
Eichland  county  and  the  adjacent  counties  of  Lexington  and  Orangeburgh,  uniting  with  the  Wateree  to  form  the 
Santee.  Its  course  is  quite  tortuous,  and  its  length,  measured  in  a  straight  line,  is  about  32  miles,  while  it  is  CO  by 
the  course  of  the  river.  The  principal  town  on-the  stream  is  Columbia,  the  capital  of  the  state,  with  a  populatior 
of  about  10,000,  and  situated  just  below  the  junction  of  the  Broad  and  the  Saluda.  The  stream  is  navigable  up  to 
Granby,  between  2  and  3  miles  below  the  city,  and  its  course  lies  almost  entirely  through  the  sand-bill  belt,  which 
extends  up  to  Columbia,  at  which  place  the  river  crosses  the  fall-line,  giving  rise  to  the  only  power  on  the  stream, 
and  below  which  the  stream  resembles  the  Wateree  below  Camden,  or  the  Pee  Dee  below  Cheraw,  in  all  essential 
points.    The  swamp-lands  on  the  Congaree  are,  however,  more  extensive  than  on  the  Wateree.  and  froiii^Granby 
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down  to  McOord's  ferry,  28  miles,  they  average  i  miles  in  width  and  cover  50,000  acres,  while  on  the  Wateree  they 
are  not  over  2  miles  wide.  The  rainfall  on  the  drainage-basins  of  the  Broad  and  the  Saluda  is  about  51  inches, 
distributed  as  follows :  spring,  13 ;  summer,  13 ;  autumn,  9  to  10 ;  winter,  15  to  16.  The  elevation  of  the  river  at  tbe 
crossing  of  the  Charlotte,  Columbia,  and  Augusta  railroad,  below  the  falls  at  Columbia,  is  129  feet  above  tide.  The 
total  drainage  area  of  the  stream  is  7,965  square  miles. 

It  only  remains  to  describe  the  power  at  Columbia.  About  sixty  years  ago,  the  state  of  South  Carolina  haviug 
appropriated  a  million  dollars  for  rivei's  and  canals,  a  canal  was  built  on  the  north  side  around  these  falls  extending 
from  Granby  to  the  junction  of  the  Broad  and  the  Saluda  rivers,  at  the  upper  end  of  the  city  of  Columbia,  aud 
subsequently  extended  for  more  than  two  miles  up  the  Broad  river,  the  object  being  to  secure  an  uninterrupted 
water  communication  from  that  stream,  which  was  navigable  for  bateaux,  to  the  sea,  the  original  dimensions  of 
the  canal  being  as  follows:  width  at  top,  15  feet;  at  bottom,  8  feet;  depth,  4  feet.  This  canal  was  gradually 
abandoned  as  railroads  were  introduced,  and  is  now  only  used  as  a  "race  to  supjDly  a  small  amount  of  power  to  the 
city  water- works  and  to  the  state  penitentiary,  and  occasionally  navigated  by  bateaux  down  as  far  as  the  centqr  of  t  he 
city,  the  remainder  being  filled  up  and  overgrown  with  trees,  some  of  which  are  even  6  inches  in  diameter.  Until  30 
years  ago  it  was  much  used  by  pole-boats  and  "  match"  boats.  In  1868  the  canal,  with  all  its  appurtenances,  was 
sold  to  William  Sprague,  of  the  A.  &  W.  Sprague  Manufacturing  Company,  of  Providence,  Rhode  Island,  on  condition 
that  he  should  improve  it,  in  default  of  which  the  property  should  revert  to  the  state.  A  company  was  incorporated 
under  the  name  of  the  Columbia  Water-Power  Company,  but  no  improvements  being  made  up  to  1878  for  various 
reasons,  among  which  was  the  failure  of  the  A.  &  W.  Sprague  Manufacturing  Companj',  the  state  took  possession 
of  the  property,  agreeing  to  give  to  the  Water-Power  Company  500  horse-power  whenever  the  poW«r  should  be 
developed.  The  state  proceeded  to  take  steps  toward  the  development  of  the  power,  and  a  survey  and  report  were 
made  by  Byron  Holly,  civil  engineer,  who  proi)osed  to  build  a  dam  on  the  Broad  river  at  the  head  of  the  canal, 
carrying  the  water  to  the  city  by  a  canal  150  feet  wide  at  the  top,  110  at  the  bottom,  and  10  feet  deep.  While  the 
matter  was  under  discussion  a  new  plan  was  proposed  by  Thompson  &  Nagle,  architects  and  mill-engineers  of 
Providence,  Ehode  Island,  and  finally,  in  December,  1879,  a  bill  was  passed  by  the  legislature  and  a  charter  granted 
incorporating  the  Columbia  and  Lexington  Water-Power  Company,  the  state  granting  to  Thompson  &  i^^agle  various 
rights,  lands,  and  franchises,  including  the  exclusive  right  to  build  dams  on  either  the  Broad  or  the  Congaree  river, 
exemption  from  taxation  for  10  years  on  all  improvements,  and  the  free  use  of  250  able-bodied  convicts  for  3  years, 
together  with  other  privileges.  They  prepared  very  elaborate  plans  and  estimates  for  the  work,  and  issued  au 
elaborate  "  Prospectus  of  the  Columbia  and  Lexington  Water-Power  Company",  containing  all  the  available 
information  regarding  the  power,  history  of  the  canal,  maps  and  views  of  the  river,  and  details  of  the  proposed 
improvements,  all  prepared  at  great  cost.  They  have  permitted  me  to  make  free  use  of  this  prospectus  in  tbc 
preparation  of  this  report,  and  from  it  I  have  obtained  these  notes  regarding  the  history  of  the  power,  as  well  as 
what  follows  regarding  its  technical  features.  But  notwithstanding  these  elaborate  and  costly  preparations  the 
power  remains  undeveloped,  fine  as  it  is,  aud  favorable  as  are  all  the  collateral  advantages. 

Such  is  the  history  of  the  canal.  It  remains  to  present  its  technical  features.  Its  total  length  is  5J  miles, 
and  its  fall  36  feet.  Thompson  &  Nagle  proposed  two  plans  for  developing  power,  and  submitted  estimates  for  the 
same.  The  first  contemplated  the  construction  of  a  dam  across  the  Congaree  just  below  the  junction  of  the  Broad 
and  the  Saluda,  giving  a  fall  at  the  foot  of  Gervais  street  of  22  feet  at  mean  low  water,  and  by  carrying  the  canal 
11,160  feet  farther  down  an  average  fall  of  27^  feet  (the  fall  in  the  river  between  Gervais  street  and  Granby  being 
13  feet),  in  addition  to  which  a  canal  on  the  opposite  side  of  the  river  was  projected.  The  dam  was  to  be  1,330  feet 
long  between  abutments,  the  bulkhead  200  feet  long,  and  the  total  length  of  canal  (on  the  Columbia  side)  3  miles. 
The  estimated  cost  of  the  whole  improvement  (not  including  the  canal  on  the  other  side  of  the  river,  which  was 
not  intended  to  be  built  at  first),  including  a  mill  with  864  looms  and  26,112  spindles,  was  $1,699,848.  It  was 
considered  best,  however,  to  extend  the  canal  at  first  only  seven-eighths  of  a  mile  below  Gervais  street,  tbe  cost  for 
this  project  being  $1,555,764.  The  second  plan  proposed  the  erection  of  a  dam  across  the  Broad  river  alone  at  the 
head  of  the  navigation  canal,  the  canal  being  carried  to  a  point  seven-eighths  of  a  mile  below  Gervais  street.  The 
length  of  the  dam  would  be  650  feet  between  abutments,  the  bulkhead,  as  before,  200  feet  long,  the  canal  4  miles 
long,  and  the  fall  at  Gervais  street  34  feet  at  mean  low  water,  the  total  cost  of  this  plan  being  estimated  at 
$1,711,124.  Both  plans  proposed  a  canal  200  feet  wide.  If  in  the  last  plan,  however,  the  canal  be  assumed  to  be 
150  feet  wide,  the  estimated  cost  is  $1,594,124. 

The  river  opposite  Colnmbia  flows  over  a  bed  composed  of  ledger  of  rock,  overlaid  in  places  with  deposits  of 
sand  and  gravel.  The  stream  is  subject  to  heavy  freshets,  the  most  notable  ones  having  occurred  as  follows :  in 
May,  1840;  in  August,  1852;  in  1856  the  water  rose  25  feet  at  Columbia;  and  in  January,  1865,  it  rose  30  feet  at 
the  same  place. 

The  drainage  area  of  the  Broad  river  is  about  4,950  square  miles,  and  that  of  the  Saluda  2,350 ;  so  that  the  total 

drainage  area  of  the  Congaree  above  Columbia  is  about  7,300  square  miles.    The  rainfall  on  the  basin  of  tbc  Broad 

is  as  follows:  spring,  13;  summer,  13;  autumn,  10;  winter,  15;  total,  51  inches;  and  on  that  of  the  Saluda  as 

follows:  spring,  13;  summer,  13;  autumn,  9;  winter,  16  inches.     In  regard  to  the  flow  of  these  streams  I  have  no 
762 


SOUTHERN  ATLANTIC  WATER-SHED. 


103 


accurate  data;  but  it  has  been  estimated  by  other  engineers,  and  in  regard  to  these  estimates  I  feel  constrained  to 
say  a  few  words,  as  well  as  to  make  a  few  general  remarks  on  the  subject  of  estimates  of  flow.  In  making  my  uwu 
estimates,  hitherto  given,  I  have  proceeded  according  to  principles  which  have  been  fully  explained  on  pages  1(>  to 
21.  I  have  repeatedly  called  attention  to  the  fact  that  they  are  only  to  be  regarded  as  rough  approximations,  and 
I  believe  them  myself  to  bo  rather  under  than  over  the  mark.  Without  a  single  series  of  gaugings  in  this  part  of 
the  country,  with  few  extended  observations  of  rainfall,  and  with  by  no  means  a  perfect  knowledge  of  the  country, 
it  is  impossible  to  present  anything  very  accurate.  Before  presenting  my  estimates  for  the  Broad  and  the  Siiluda 
rivers  I  desire,  therefore,  to  show  briefly  by  what  considerations  I  am  led  to  them,  principally  on  account  of  the  feet 
that  my  estimates  are  very  much  lower  than  those  which  have  been  heretofore  made.  For  this  purpose  I  select 
a  few  typical  streams  for  comparison  and  present  in  tabular  form  the  various  facts  which  are  to  be  taken  into 
consideration  (page  104).  From  this  table  it  will  be  clear  that  in  estimating  the  minimum  flow  of  the  Broad  and 
the  Saluda  the  Merrimac  and  the  Connecticut  cannot  serve  as  guides,  on  account  of  their  large  flow,  probably 
due  to  the  lakes  and  artificial  reservoirs  in  their  basins.  It  is  further  clear  that  from  the  size  of  the  drainage  area, 
when  it  exceeds  about  1,000  square  miles,  no  sure  conclusion  can  be  reached,  for  the  Potomac/  with  the  largest 
drainage  area,  has  the  smallest  flow.  It  is  difiacult  to  explain  the  small  flow  of  this  river,  considering  the  large 
area  di-ained,  although  it  may  be  due  to  the  topography  of  the  country  and  to  the  way  in  which  the  rainfall  is 
distributed  through  the  year,  as  will  be  shown  when  that  river  is  considered;  but  whether  the  low  flow  is  to  be 
ascribed  principally  to  these  causes  it  is  impossible  to  say.  Comparing  all  these  points,  it  would  seem  reasonable 
to  take  the  minimum  flow  of  the  Broad  and  Saluda  at  0.20  to  0.25  cubic  feet  per  second  per  square  mile.  I  have  taken 
0.23  for  the  Broad  and  0.21  for  the  Saluda.  As  regards  the  minimum  low-season  flow,  the  rainfall  being  51  inches, 
perhaps  11  or  15  inches  may  be  considered  as  flowing  off  in  a  dry  year  (nearly  0.7  x  0.40  x  51),  or  1.3  inches  pei' 
month,  equal  to  1.15  cubic  feet  per  second  per  square  mile,  for  which  we  take  1.10.  It  remains  to  determine  tlie 
proportion  of  this  flow  in  the  driest  month.  Compared  with  the  Merrimac  and  Connecticut,  the  flow  of  the 
SchuylkiU  appears  very  large,  considering  that  it  has  no  lakes.  On  these  water-sheds  more  rain  falls  in  summer 
than  in  winter,  while  on  the  Broad  and  Saluda  the  opposite  is  the  case.  There  being  no  lakes  to  regulate  thii 
flow,  these  last  streams  will  therefore  get  proportionately  lower  in  summer,  so  that  under  these  circumstances  0.27 
to  0.30  does  not  seem  too  small  a  fraction  for  the  driest  month.  We  take  0.28,  giving  0.30  cubic  feet  per  second  per 
square  mile  for  both  streams.  For  dry  years,  but  not  the  driest,  we  take  0.35.  Finally,  as  regards  the  maximum 
with  storage,  it  is  clear  that  the  figures  for  the  iMerrimac  and  Connecticut  cannot  be  applied  to  the  Broad  and 
Saluda  on  account  of  the  influence  of  the  lakes  on  the  former  streams.  On  the  other  hand,  the  climatic  and  other 
conditions  in  the  Schuylkill  basin  seem  quite  similar  to  those  of  the  latter  streams,  except  that  the  rainfall  in  the 
former  basin  is  greatest  in  summer  (when  the  evaporation  is  greatest),  while  in  the  latter  it  is  greatest  in  winter 
(when  the  evaporation  is  probably  least).  From  this  it  seems  legitimate  to  conclude  that  a  larger  proportion  of 
the  rainfall  would  be  available  in  the  latter  case  (supposing  the  conditions  of  evaporation  to  be  the  same  in  both 
cases);  but,  on  account  of  the  larger  drainage  area  of  the  latter  streams,  and  the  fact  that  storage  is  only 
practicable  in  their  upper  parts  without  overflowing  fertile  bottom-lands  (counted  as  the  best  farming-lands  in  the 
state),  and  that  consequently  the  stored  water  would  have  a  considerable  distance  to  pass  over  before  reaching 
Columbia  (losing  thereby  considerably  in  volume  by  evaporation),  it  would  seem  safe  to  take  the  proportion  of  the 
rainfall  available  in  the  latter  case  as  the  same  or  even  a  little  smaller  than  in  the  case  of  the  Schuylkill.  I  take 
22  per  cent.,  or  about  12  inches,  as  available. 

Such  are  the  considerations  on  which  the  estimates  are  founded.  In  fact,  8,000  cubic  feet  per  second,  which 
has  sometimes  been  taken  as  the  low-season  flow  of  the  Broad  river,  would  be  nearly  the  average  flow  of  the 
stream,  supposing  half  the  mean  annual  rainfall  on  the  drainage-basin  to  be  discharged,  a  quantity  which  it  would 
be  impossible  to  utilize.    The  following  table  gives  the  results  of  the  calculations: 

Table  of  power  of  Gongaree  river  at  Columbia. 


State  of  flow  (see  pp.  18  to  21). 

Drainage  area. 

Flow  per  second. 

Horse-power,  gross. 

Horse-power  avail- 
able, gross. 

Broad, 

Saluda. 

Both. 

Broad. 

Saluda. 

Both. 

Broad. 

'Saluda. 

Both.         Broad. 

Congaree. 

Sq.mUes. 
>     4, 950 

Sq.  miles. 
2,350 

Sq.  miles. 
7,300 

Oubic/eet. 

C     1, 140 

1,480 

{     4, 200 

{     1, 730 

Cubicfeet. 

500 

700 

2,000 

825 

Cubicfeet. 
1,680 
2,200 
6,200 
2,550 

Ifootfall. 
130 
168 
477 
197 

1  foot  fall. 

57 

80 

227 

93 

1  foot  fall  Ufeetf all. 
191          4, 400 
250          5, 700 
705         16, 000 
290          6. 700 

22feetfM. 
4,200 

5,500 

Maximum,  with  storage 

15,  500 
6,400 

Nevertheless  it  is  evident  that  the  power  at  Columbia'  is  very  fine,  with  every  collateral  advantage.  There  is 
an  abundance  of  room  for  buildings,  with  safe  locations;  railroad  commuuicatiou  in  four  different  directions;  fine' 
building-stone  (granite  of  excellent  quality)  within  the  city  and  for  several  miles  up  and  down  tlie  river,  and  a  fine 
brick  clay  along  the  canal.     Of  the  large  jjower  available  only  about  75  horse-power  is  used,  there  being  one  small 
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grist-mill,  with  a  wing-dam  and  3  to  4  feet  fall,  situated  oa  the  river,  and  on  the  canal  the  city  water-works,  using 
about  12  feet  fall  and  40  to  50  horse-power,  and  a  small  amount  of  power  being  also  used  from  the  canal  at  the  city 
penitentiary  to  run  a  grist-  and  saw-mill  and  for  hoisting  rock  from  a  quarry,  the  fall  being  18  feet.  At  the  head 
of  the  canal  is  a  rough  wooden  wing-dam  extending  across  to  an  island. 

It  is  to  be  hoped  that  this  magnificent  power  may  soon  be  developed,  and  the  hopes  of  the  city  of  Columbia,  so 
long  deferred,  at  last  consummated. 


Gompar 

ative  table  of  drainag 

e  areas  of  various 

Streams. 

Drainage 
area. 

EainfaU. 

Minimum    flow 
per  second  per 
square  mile. 

Proportion      of 
mean  monthly 
flow  ill  drie.st 
montli. 

Sis 
d.3 1>, 

Per  cent,  of  mean 
aunnal  rainfall 
available       in 
very  dry  years. 

~ 

Name  of  stream. 

be 
»5 

a 
1 

d 

a 

i 

i 

M 

Remarks. 

Sq.  miles. 

4,136 

10, 234 

1,800 

981  . 

6,500± 
11,476 

6,800 
1,000 

4,950 
2,350 

In. 
11 
11 
11 
12 

10 
11 

12 
12 

13 
13 

In. 
11 
11 
14 
14 

13 
12 

11 
12 

13 
13 

iv,. 

12 
12 
10 
12 

10 
9 

8 
10 

10 
9 

In. 
10 
10 
9 
10 

8 
8 

10 
10 

15 
16 

In. 
44 
44 
44 
48' 

41 
40 

41 
44 

51 
51 

Cubic  feet. 
0.53 
0.51 
0.21 
0.23 

0.30 
0.09 

0.19 
*0.16 

♦0.23 
♦0.21 

0.38 
0.41 
0.38 

Inches. 
21.13 
19.16 
9  to  12 

48.0 

43.5 

20.  5  to  27.  3 

Plow  regulated  by  large  lakes.    Well  wooded. 
Many  lakes  in  drainage-basin.    Quite  well  wooded. 
No  lakes.    Tolerably  well  wooded. 
Several  lakes  of  considerable  size.    Not  very  thickly 

wooded. 
Many  small  lakes  and  ponds  in  basin.  Veiy  well  wooded. 
No  lakes.    Narrow  valleys.     Considerable  -  limestone 

formation. 
No  lakes.   Valleys  narrow  in  mountains^W ell  wooded. 
No  lakes.      Soil  much  deeper  than  in  rivers  above. 

Very  well  wooded. 
No  lakes.    Deep  soil.    Well  wooded.    Mountains  not 

bald,  but  covered  with  soil.    Evaporation  probably 

smaller  than  on  James. 
No   lakes.     Deep    soil.      Well    wooded.     Mountains 

covered  with  soil.    Evaporation  probably  less  than 

on  James. 

Schuylkill 

F&aeaio 

Fotomao 

' 

James 

Nense 

Broad    

'0.  28 
♦0.28 

*12.  00 

♦12.  00 

♦22.0 
-22.  0- 

gajnda 

♦Estimated. 


TRIBUTARIES^  OP   THE   CONGARBE   RIVER. 


The  Congaree  river  has  no  very  important  tributaries,  only  one  of  them,  Congaree  creek,  being  worthy  of 
mention.  Like  the  other  and  smaller  streams  flowing  into  the  river,  it  is  a  sand-hill  stream,  and  is  only  about 
15  miles  long,  flowing  for  its  entire  length  in  Lexington  county,  and  joining  the  river  about  3  miles  belt)w  the 
Columbia  bridge.  It  is  not  a  rapid  stream,  and  flows  for  a  considerable  part  of  its  course  through  swamps,  over  a 
sandy  bed,  and  it  is  only  on  the  upper  half  of  its  course  that  it  offers  any  facilities  for  power.  There  are  two  sites 
now  not  improved,  but  formerly  used  for  saw-mills,  with  brush-dams  and  races  about  a  mile  and  a  half  long,  the 
falls  being  about  5  to  8  feet.  The  stream  drains  an  area  of  about  115  miles,  according  to  the  map  I  have  used.  If 
we  take  its  flow,  as  in  the  case  of  the  Pine  Tree  creeks  (see  p.  101),  at  a  half  to  one  cubic  foot  per  second  per  square 
mile,  it  will  afford  at  its  mouth  a  power  of  6.6  and  13.2  horse-power  per  foot  fall,  without  storage  during  the  night. 
The  sites  above  named  are  5  or  6.  miles  from  Columbia,  and  1  to  3  miles  from  the  Charlotte,  Columbia,  and. Augusta 
railroad.  The  owner,  Mr.  John  Taylor,  of  Columbia,  states  that  an  engineer's  survey  found  the  flow  to  be  500  to 
800  cubic  feet  per  second,  or  625  on  the  average — an  evident  impossibility,, provided  the  drainage  area  above  stated 
is  correct,  or  it  would  correspond  to  an  annual  rainfall  of  72  inches,  all  of  which  flowed  off  by  the  stream. 

Eed  Bank  creek,  a  tributary  of  Congaree  creek,  is  another  sand-hill  stream,  and  on  it  is  the  Eed  Bank  cotton 
factory,  with  a  fall  of  12  feet,  and  using  40  horse-power  for  nine  months  of  the  year  and  about  30  for  the  rest  of 
the  time,  the  water  being  drawn  down  in  the  pond  at  night,  so  that  the  natural  flow  of  the  stream  in  dry  weather 
does  not  afford  over  1  horse-power  per  foot  fall.  There  are  also  two  saw-mills  on  the  stream.  All  the  dams  are  of 
dirt,  that  of  the  factory  being  25  feet  wide  at  the  bottom,  12  !it  the  top,  and  8  high.  It  may  be  mentioned  as  an 
interesting  fact  that  wood  can  be  obtained  in  this  neighborhood  at  75  cents  a  cord. 

On  some  of  the  other  sand-hill  streams  in  the  vicinity,  such  as  Berry  creek,  power  can  be  obtained  to  a  small 
extent. 

THE  BROAD  RIYBR. 

This  stream  takes  it  rise  on  the  eastern  slope  of  the  Blue  Ridge  near  Hickory-Nut  gap,  in  the  southwestern 
part  of  McDowell  county  and  the  northeastern  part  of  Henderson  county,  North  Carolina,  and  after  flowing  in  a 
general  southeasterly  direction  through  Rutherford  county  and  a  corner  of  Cleveland  county,  North  Carolina,  and  in 
South  Carolina  between  the  counties  of  York,  Chester,  Fairfield,  and  Richland  on  its  left,  and  Spartanburgh,  IJnion, 
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Newberry,  and  Lexington  on  its  riglit,  it  unites  with  tlie  Saluda  river  juat  above  Columbia  to  form  the  Oougaice. 
The  length  from  soui'ce  to  mouth,  measured  in  a  straight  line,  is  about  128  miles,  but  following  the  course  of  the 
river  it  is  very  considerably  greater.  There  are  no  towns  of  any  importance  on  the  river.  The  stream  is  na\'igated 
to  a  certain  extent  by  bateaux  (carrying  30  to  40  bales  of  cotton,  and  drawing  20  inches  when  loaded  and  4  incLes 
when  empty),  the  present  head  of  navigation  being  about  141  miles  above  Columbia  (by  the  river)  and  28  miles 
above  the  North  Carolina  line.  A  survey  was  made  of  the  river  by  the  government  in  1879-'80  for  the  purpose  of 
ascertaining  the  practicability  and  probable  cost  of  improving  the  navigation,  and  the  report  is  found  in  the  annual 
report  of  the  chief  of  engineers  for  1880,  p.  1010,  in  which  the  cost  of  rendering  the  river  navigable  for  pole-boats 
carrying  from  70  to  90  bales  of  cotton  is  estimated  at  $90,000. 

The  Broad  river  drains  a  total  area  of  about  4,950  square  miles,  of  which  3,550  are  in  South  Carolina  and  1,400 
in  North  Carolina.     The  river  receives  a  number  of  important  tributaries,  as  follows : 

From  the  west,  ascending  the  stream :  SqTiare  miles. 

Enoree  river,  draining  an  area  of 730 

Tiger  river,  draining  an  area  of 720 

Pacolett  river,  draining  an  area  of 475 

Thicketty  creek,  draining  an  area  of 100 

Green  river,  draining  an  area  of 198 

From  the  east : 

Little  river,  draining  an  area  of 203 

Sandy  creek,  draining  an  area  of 63 

Bullock's  creek,  draining  an  area  of 73 

King's  creek,  draining  an  area  of 72 

Buffalo  creek,  draining  an  area  of 178 

First  Broad  river,  draining  an  area  of « 302 

Second  Broad  river,  draining  an  area  of 193 

The  general  character  of  the  drainage-basin  resembles  that  of  the  Catawba.  It  lies  entirely  above  the  fall-line ; 
is  well  wooded,  especially  in  the  upper  parts;  is  without  lakes;  affords  fine  building-stone  in  numerous  localities; 
and  as  regards  soil,  etc.,  is  just  like  the  valley  of  the  Catawba.  The  rainfall  and  the  flow  of  the  stream  have  been 
discussed  in  detail  in  speaking  of  the  power  at  Columbia.  The  bed  of  the  stream  is  rock,  clay,  sand,  or  gravel, 
and  in  many  places  the  banks  are  low  and  the  bottoms  overflowed  in  freshets.  The  declivity  of  the  stream  will  be 
seen  from  the  following  table,  which  shows  the  fall  to  be  less  than  that  of  the  Catawba,  but  still  very  large : 

Table  of  declivity  of  Broad  river,  South  Carolina. 


Place. 


Distance  from 
Columbia. 


Elevation 
above  tide. 


Distance    be- 
tween points. 


Fall  between 
points. 


Fall    between 
points. 


Congaree  rivei,  orouing  of  Charlotte,  Colombia,  smd  Angnsta  railroad 

Congaree  river,  foot  of  G«rvais  street,  Colombia 

Bnll  slnioe 

Ninety -nine  islands 

'  Kinety-nine  Islands  sboal 

Foot  of  Sammers*  sboal - 

Head  of  Summers'  sboal , 

Foot  of  Lyle's  shoal 

Head  of  Lyle's  shoal 

Foot  of  Neal's  shoal 

Head  of  Neal's  shoal 

Foot  of  the  Gravel 

Foot  of  Iiockhart's  shoal.' 

Head  of  Lockhart's  shoal 

Foot  of  Ninety-nine  islands _. 

Head  of  Cherokee!  shoal 1 

Crossing  of  Atlanta  and  Charlotte  Air-line  railroad 

Green  river 


Milet. 
-2± 

0.00 

2.75 

11.50 

U.25 

26.25 

27.19 

41.00 

41.93 

58.50 

59.12 

68.29 

69.00 

70.41 

94.25 

100. 50 

104. 75 

141.  00 


Feet. 


Miles. 


Feet. 


129.0 
135.5 
162.0 
176.2 
193.4 
229.1 
240.7 
269.7 
281.1 
322.1 
331.9 
339.9 
346.0 
393.7 
436.0 
530.0 
542.0 
758.5 


2.0± 
2.75 
8.75 
2.75 

-  12.  00 

0.94 

-  13.  81 

0.93 

-  16.  57 

0.62 
9.13 
0.75 
1.41 

-  23.  84 
,6.25 

4.25 

-  36.  25 


6.5 

26.5 

14.2 

17.2 

35.7 

11.6 

29.0 

11.4 

41.0 

9.8 

8.0 

6.1 

47.7 

32.3 

- 104.  0 

]2.  0 

■  21C.  5 


I 


Feet  per  miU. 

3.25 
9.36 
1.60 
6.40 
2.97 

- 12.  26 
2.09 

- 12. 15 
2.47 

- 15.  60 
0.87 
8.14 

•  33.  80 
1.31 

- 16.  63 
2.83 
COO 


The  average  fall  between  Columbia  and  the  crossing  of  the  Atlanta  and  Charlotte  Air-liuc  niilroud  (104.75 
miles)  is  nearly  3.9  feet  per  mile,  and  thence  to  the  mouth  of  Green  river  it  is,  as  by  the  table,  0  feet  per  mile. 
Above  that  point  the  stream  is  a  mountain  torrent,  the  elevation  of  its  headwaters  being  not  less  than  2,500  feet. 

It  will  be  seen  from  the  map  that  the  lower  part  of  Broad  river  is  Very  accessible,  while  that  part  ii,bo\'e  the 
mouth  of  the  Pacolett  is  quite  the  contrary. 
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Proceeding  up  the  river,  the  water-powers  met  with  will  now  be  named.  Almost  all  the  information  I  Iiiive 
regarding  them  is  obtained  from  the  report  on  the  river  above  referred  to.  The  shoals  are  tabulated  below,  and 
regarding  most  of  them  very  few  remarks  can  be  made. 

At  Bull  sluice  the  river  is  200  yards  wide,  but  exposed  rocks  extend  from  either  side,  leaving  a  straight  sluice 
in  the  middle  only  100  feet  wide,  through  which  the  whole  volume  of  the  river  pours  at  ordinary  stages.    Just^ 
above  the  sluice  a  ledge  of  rock  extends  across  the  river,  which  widens  to  900  feet.    The  head  of  the  Columbia 
canal  is  just  above  this  Sluice.  , 

Ninety-nine  Islands  shoal  is  the  next  one  of  importance,  the  fall  being  17.26  feet  in  2|  miles.  It  is  used  for 
power  to  a  small  extent,  driving  a  grist-  and  saw-mill  on  the  left  bank,  with  a  fall  of  5  feet.  The  banks  are 
favorable  for  building,  and  the  power  is  no  doubt  easily  available.  The  river  is  very  wide,  in  some  places  over 
half  a  mile.    The  shoal  is  just  above  the  mouth  of  Cedar  creek,  but  its  head  is  jnst  below  that  of  Little  river. 

Boney  shoal,  17f  miles  above  Columbia,  is  a  mile  long,  with  a  fall  of  6  feet,  and  is  utilized  by  a  small  grist-mill. 

At  Alston,  25  miles  from  Columbia,  the  Greenville  and  Columbia  railroad  crosses  the  river,  which  is  here  300 
yards  wide. 

Summers'  shoal  begins  26^  miles  above  Columbia  and  extends  for  a  mile,  the  fall  being  11.61  feet,  pait  of 
which  is  used  by  a  grist-mill.  This  shoal  is  said  to  be  a  fine  site  for  power.  It  is  13  miles  below  the  mouth  of  the 
Enoree  river. 

Lyle's  shoal  (41  miles)  has  a  fall  of  11.36  feet  in  4,930  feet.  It  is  situated  3  miles  below  the  mouth  of  the  Tiger 
river,  and  1  mile  above  the  mouth  of  the  Enoree. 

At  Shelton,  where  the  Spartanburgh  and  Union  railroad  crosses  the  river,  the  rise  of  freshets  is  27  feet,  the 
width  of  the  stream  being  250  yards. 

Keal's  shoal  (58J  miles)  has  a  fall  of  9.75  feet  in  3,300,  and  there  is  a  grist-mill  on  each  bank  of  the  river,  which 
is  from  250  to  350  yards  in  width.  This  shoal  is  said  to  be  favorable  for  power.  It  is  situated  14  miles  above  the 
mouth  of  Tiger  river,  and  about  9  miles  below  the  mouth  of  Turkey  creek. 

The  next  shoal,  really  the  first  of  great  importance  as  a  water-power,  and  perhaps  the  best  site  on  the  river,  is 
Lockhart's  shoal,  situated  less  than  2  miles  above  the  mouth  of  Turkey  creek.  This  shoal  is  preceded  by  a  short 
shoal  called  the  Gravel  shoal,  whi<ih  has  a  fall  of  6.11  feet  in  2,673  feet,  just  above  which  is  Lockhart's  shoal 
proper,  which  is  "  formed  by  the  intrusion  of  two  trap-dikes  500  yards  apart,  causing  the  bed  of  the  river  to  be  a  field 
of  jagged  rock,  much  resembling  the  crater  of  an  old  volcano".  The  lower  shoal  is  2,955  feet  long,  with  a  fall  of 
15.80  feet,  and  the  upper  shoal  is  3,000  feet  long,  with  a  fall  of  31.86  feet ;  so  that  the  total  length  of  the  shoal  is 
1.41  miles,  and  the  fall  47.66  feet.  The  -width  of  the  stream  above  the  shoal  is  200  yards,  and  the  depth  25  to  30 
feet.  ISTear  the  foot  of  the  upper  shoal  the  width  is  500  yards.  At  the  foot  of  the  lower  shoal  the  west  bank  is  very 
hilly,  and  the  east  bank  not  quite  so  much  so.  The  hills  gradually  recede  on  the  west  side,  leaving  a  bottom  800 
yards  wide  along  the  river,  and  gradually  returning  to  the  river  near  the  head  of  the  upper  shoal.  'On  the  east 
bank  the  shore-line  is  irregular,  and  there  are  many  high  bluffs  along  the  river.  On  the  upper  shoal  there  is  in  one 
place  an  abrupt  fall  of  5  feet,  and  two  mills — one  on  each  side  of  the  river — utilize  a  small  amount  of  the  power. 

These  shoals  being  the  most  difficult  on  the  river,  a  canal  was  built  around  them  on  the  west  bank  by  the  state 
between  the  years  1818  and  1825,  at  a  cost  of  $130,000,  and  it  was  used  till  1852,  when  it  was  abandoned.  Leaving 
the  river  a  little  below  the  head  of  the  upper  shoal,  with  a  guard-lock  of  ordinarily  small  lift,  it  passes  through  the 
bottom  above  described,  and  after  descending  about  14  feet  by  a  flight  of  two  locks  it  meets  the  hills  near  the  foot 
of  the  lower  shoal  and  follows  them  to  the  river,  into  which  it  descends  by  four  locks  with  about  28  feet  lift.  The 
total  length  of  the  canal  is  7,869  feet,  and  the  fall  45.78  feet. '  Its  original  dimensions  were :  width  on  top,  10  feet; 
at  bottom,  8  feet;  depth,  4  feet.  At  present  the  width  at  the  bottom  is  5  feet,  and  the  depth  2.6  feet;  and  it  is 
estimated  that  it  would  cost  $3,794  to  restore  it  to  its  original  dimensions  and  to  put  the  locks  in  order,  the  gates 
being  gone  and  some  of  the  masonry  having  been  removed.  These  locks  were  10  by  76  feet,  and  were  built  of 
first-class  cut-stone  masonry.     The  canal  is  now  filled  up  with  deposits  and  overgrown  with  trees. 

.  As  regards  the  availability  of  Lockhart's  shoal  for  power,  it  must  be  stated  that  its  extensive  utilization  is 
only  possible  on  the  west  bank.  The  canal  tor  the  lower  600  yards  of  its  course  is  built  along  the  side  of  the 
hills  on  an  embankment  about  12  feet  high,  with  small  building-room  between  it  and  the  river,  the  outlet- lock 
being  only  16  feet  and  the  lower  flight  of  3  locks  (115  feet  above  the  outlet-lock)  only  110  feet  from  the  river, 
while  the  upper  flight  of  2  locks  is,  perhaps,  400  yards  from  tlie  same.  Hence  it  would  not  be  easy  to  utilize  the 
whole  fall  of  the  shoal,  but  it  is  said  that  the  fall  of  the  upper  shoal  could  easilj'  be  utilized,  with  abundance  of 
building-room. 

In  the  following  table  I  have  estimated  the  flow  and  the  available  power  at  this  place,  and  the  latter  will  be 
seen  to  be  very  large.    The  whole  amount  would,  of  course,  only  be  rendered  available  by  digging  a  large  canal;  for 
,  the  present  canal,  if  cleaned  out  to  its  original  dimensions,  would  only  carry  about  70  cubic  feet  per  second,  with 
a  fall  of  a  foot  to  the  mile. 

This  shoal  is  located  in  a  very  healthy  part  of  the'  state,  in  the  midst  of  the  cotton-belt,  and  8  miles  from  Union, 

the  nearest  railroad  point.    It  is,  without  doubt,  one  of  the  finest  powers  in  the  vicinity. 
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state  of  flow  (see  pp.  18  to  21). 


Minimum 

Minimum  low  seaBon  — 
Maximum,  "witli  storage 
Low  season,  dry  years... 


Drainage  area 


Fall. 


Upper  shoal. 


Square  ■miUs, 


2, 400  I 


Feel. 


Lower  shoal. 


Flow  per 
second. 


Feet. 


Horse-power  available,  gross. 


1  foot  fall. 

61.3 

81.8 

240.0 

94.3 


15.80  feet  fall. 

970 

1,  300 

3,750 

1,500 


31.86  feet  fall. 
1,950 
2,600 
7,  600 
3,000 


Above  this  shoal  there  is  no  power  of  importance  for  nearly  26  miles,  the  next  of  importance  being  a  long  shoal, 
C|  miles  long,  generally  subdivided  into  two,  the  Ninety-nine  Islands  shoal,  3.2  miles  long,  with  a  fall  of  50.62  feet, 
and  Cherokee  shoal,  2  miles  long,  with  a  fall  of  50.95  feet.  The  head  of  the  latter  shoal  is  only  about  3  miles  below 
the  crossing  of  the  Atlanta  and  Charlotte  Air-line  railroad.  Notwithstanding  the  large  amount  of  power  theoretically 
available  at  these  shoals,  only  a  small  part  of  it  can  practically  be  utilized  according  to  all  that  I  could  learn,  the  liills 
coming  abruptly  up  to  the  river  on  both  sides  for  almost  the  whole  distance,  and  leaving  no  building-room  except  a 
small  amount  in  a  few  isolated  places,  where  power  can  be  used  to  a  certain  extent.  There  are  several  grist-mills 
along  the  shoals  in  these  places  with  small  wing-dams  and  generally  small  falls,  and  there  have  been  others,  which 
are  now  abandoned.  Of  these  sites  for  i)ower  probably  the  best  is  the  one  formerly  utilized  by  the  King's  Mountain 
Iron  Company,  on  the  west  side  of  the  river,  about  2.1  miles  above  the  foot  of  Ninety-niue  Islands  shoal.  A  branch 
of  the  river,  about  80  feet  wide,  passes  here  between  the  shore  and  an  island,  the  fall  in  the  main  river  above  the 
head  of  the  island  being  about  5  feet  in  500,  and  the  fall  in  the  branch  about  16  feet  in  800  to  1,000,  making  in 
all  about  20  feet,  which  could  be  used  with  a  5-foot  dam  above  the  head  of  the  island  and  favorable  ground  for 
building — not  very  liigh,  but  probably  not  often  overflowed,  on  account  of  the  rapid  fall  of  the  .stream  below.  Not 
more  than  one-quarter  or  one-fifth  of  the  volume  of  water  in  the  river  flows  naturally  to  the  west  of  the  island,  but 
more  could  be  turned  in  by  a  dam.     Were  it  not  desired  to  utilize  a  large  fall,  12  feet  could  be  obtained  very  easily. 

The  fall  between  this  place  and  the  foot  of  the  shoal,  2J  miles  below,  is  about  28  feet,  which  has  only  been  used 
in  part  by  a  few  grist-mills.  Above  there  is  one  place  on  the  east  side  where  there  is  a  little  building- room,  and 
where  it  is  proposed  to  erect  a  cotton  factory,  to  use  a  fall  of  9  feet,  with  a  wing-dam  0  feet  high  and  120feet  long, 
the  mill  to  be  a  yarn-mill,  with  3,000  spindle.s.  This  site  was  formerly  used  by  the  King's  Mountain  Iron  Company 
for  their  forges  and  furnaces,  and  is  1  mile  below  Cherokee  ford.  Opposite  it  there  was  once  a  saw-mill,  using  a 
fall  of  5  or  6  feet.     Both  sites  are  on  the  lower  part  of  Cherokee  shoal. 

About  300  yards  above  Cherokee  ford,  at  the  head  of  Cherokee  shoal,  were  formerly  located  the  work.s  of  the 
Magnetic  Iron  Company,  uow  abandoned.  The  dam  was  a  curved  one,  extending  entirely  across  the  river,  being 
the  only  dam  quite  across,  and  was  about  440  yards  long  and  10  feet  high,  built  of  crib-work  bolted  down  to  the 
rock  foundation.  It  was  first  built  in  1837,  and  v/as  wa.shed  out  in  1875,  the  works  having  been  abandoned  in  1870. 
The  canal  was  200  yards  long,  the  fall  at  the  lower  end  being  10  feet  and  the  average  fall  8  feet,  and  along  it  were 
situated  the  various  mills,  as  follows :  stamp-mill  (8  to  10  horsepower),  grist-mill  (40  horse-power),  machine-shop  (20 
horse-power),  trip-hammer  (40  horse-power),  blast  for  forges  (40  horse-power),  rolling-mill  (120  horse-power),  nail 
factory  (20  horse  power),  blast-furnace  (50  horse-power),  or  a  total  of  340  horse-power,  and  with  a  surplus  of  water  at 
all  times.  The  dam  backed  up  about  a  mile,  with  a  width  of  300  yards.  The  banks  at  this  place  are  very  favorable 
for  building,  and  the  available  fall  is  greater  than  was  used,  amounting  to  some  10  feet  in  three-quarters  of  a  mile, 
all  of  which  is  available,  although  the  land  is  more  favorable  for  building  at  the  point  where  the  old  works  were 
located.  Below  this  the  hills  close  in  upon  the  river  on  both  sides,  and  continue  from  there  down  to  the  foot  of  the 
shoal. 

To  recapitulate,  then,  regarding  these  two  shoals,  their  complete  utilization  is  im])racticable  on  account  of  the 
abruptness  of  the  banks,  the  impossibility  of  building  a  canal,  and  the  small  amount  of  buildiugroom.  In  iact,  it 
is  said  that  there  are  only  two  places  along  the  whole  shoal,  over  0  miles,  where  it  is  possible  to  get -a  road  down 
to  the  river  without  considerable  difiiculty.  At  the  head  of  Cherokee  shoal,  and  in  perhaps  half  a  dozen  places 
below,  small  areas  of  favorable  building-ground  are  found  where  small  mills  might  be  located  and  some  power 
obtained,  the  best  place  of  the  kind  being,  perhaps,  the  site  of  the  works  of  the  King's  Mountain  iron -works. 

Surratt's  shoal  is  the  first  shoal'above  the  railroad,  and  is  1-?  miles  long,  consisting  of  a  coutiniums  series  of 
ledges,  the  fall  being  stated  to  be  not  less  than  20  feet  to  the  mile.  The  river  is  200  yards  wide  above  the  shoai, 
which  is  3  mOes  above  the  mouth  of  Buffalo  creek. 

Gaston's  shoafis  2^  miles  beyoud,  and  is  1  mile  long,  with  a  fall  of  about  10  feet,  of  which  0  feet  occur  in  ihe 
first  400  yards.     The  river  is  300  yards  wide. 

Palmer's  shoal,  6^  miles  further  up,  is  said  to  be  the  best  site  above  Cherokee  shoal,  the  fall  being  18  teet  in 
haK  a  mile.  It  is  used  by  a  gristnnill,  with  6  feet  fall,  and  there  are  flue  building-sHes  on  both  sides  of  the  river, 
the  entire  fall  being  available  for  i)0wer.    It  is  situated  about  a  mile  above  the  mouth  of  the  First  Broad  river. 
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Above  Palmer's  there  is  said  to  be  no  shoal  of  much  importance  till  the  mountains  are  reached,  the  fall  of  the 
stream  being  gradual,  although  considerable.  Above  Green  river  there  may  be  some  good  sites,  and  also  below ;  but 
none  were  specially  mentioned  by  persons  acquainted  with  the  river. 

The  most  noticeable  fact  connected  with  the  water-power  of  the  Broad  river  is  that  there  is  not  a  single  dam 
entirely  across  the  stream,  notwithstanding  its  large  fall  and  the  large  amount  of  power  available  on  it 

The  following  table  contains  estimates  of  ^the  power  at  the  shoals  of  the  river; 

Table  of  power  on  Broad  river. 


Loodltr. 


Kigger  shoal 

Bnllslnice 

Ninety-iune  IslAndB  shoal 

Boney  shoal. 

Snmmers'  Bhoal 

Lyle's  shoal 

Neal's  shoal ^ 

Lockhart's  shoal -. 

Niaety-nine  Islands  shoal 

Cherokee  shoal 

Surratt's  shoal 

Gaston's  shoal 

Palmer's  shoal 

Between  mouth 

and  foot  of  Lockhart's  shoal  { 

Between  head  of  Lockhart's  shoal 

and  foot  of  Ninety -nine  Islands  shoal  | . 
Between  head  of  Cherokee  shoal 

and  month  of  Green  river  J 

Total  hetween  mouth 

and  monlh  of  Green  riverj 


2.3 


Miles. 

1.25 

2.75 

11.50 

17.75 

2C.25 

41.00 

58.50 

69.00 

94.25 

98.  50 

108.  00 

110. 25 

116.  50 

2.75 

69.00 

70.40 

94.25 

100.  50 

141.  00 

2.75 

141.  00 


Sq.m, 

4,950 

4,950 

4,760 

4,525 

4,480 

3,490 

2,590 

2,400 

1, 357+ 

1,  357- 
1,142 
1,133 

821 
4,  950  1 

2,  400  5 
2,  400  1 
1, 370  5 
1,  357  1 

236) 

4,  950  ) 

236) 


Bainfall. 


Total  fall. 


W 


Feet. 

2.5 

4.37 
17.26 

6.04- 
11.61 
11.30 

9.75 
47.66 
50.62 
.  50.  95 
3.5.  0(?) 
10.00 
18.00 

184.00 
32.00 
2Q8. 00 
596.  00 


t 


■      750« 

1,  050" 

2.75" 


0.94" 
4,  930" 
3,  300" 
1.41" 
3.20" 
2.00" 
1.75" 
1.00" 
0.  50" 

66.  25" 
23. 85" 
40.  50" 
138.  25" 


Horse-power  availaUe,  gross.' 


(t) 

(t) 
2,150 

700 
1,350 
1,050 

650 
2,900 
1,800 
1.800 
1,000 

280 

350 

17,500 
1,600 
4,000 

30,  000 


SO 

3 


(t) 
(t) 

2,800 

925 

1,775 

1,350 

850 

3,900 

2,350 

2,350 

1,250- 

360 

420 

23,  000 
2,000 
5,000 

39,  000 


P  h 

.es 


(t) 
(t) 

7,950 
2,600 
5,000 
3,800 
2,550 
11,  000 
6,900 
6,900 
4,000 
1,150 
1,500  ! 


ii 


(t) 

(t) 
3,250 
1,075 
2,000 
1,600 
1,000 
4,500 
2,700 
2,700 
1,  4.50 
400 
475 


trtilized. 


65, 000     27,  000 


5,700 

18,  000 

114,  000 


2,300 
6,000 
45,000 


(t) 

(t) 

50r- 

50— 

50— 


75— 
50— 


0 
0 
50— 


50— 
225 


9 -a 


2.5— 
7.0— 
4.0— 


12.0- 
3.0- 


0.0 
O.O' 
15.0  - 


1.5— 
1.0- 


*Seepage8l8  to21. 


t  Included  Id  estimate  for  Columbia. 


t  Estimates  in  these  lines  of  no  practical  value. 


TKIBUTARIBS   OF   THE   BROAD   RIVER. 


The  first  important  tributary  of  the  Broad  is  the  Enoree  river,  the  largest  one  below  it,  viz,  Little  river,  from 
the  east,  having  no  powers  worthy  of  special  mention. 

The  Enoree  river  rises  in  the  northern  part  of  Green\ille  county  and  flows  southeast,  forming  the  boundary 
between  the  counties  of  Greenville,  Laurens,  and  Newberry  on  the  south,  and  Spartanburgh  and  Union  on  the 
north,  joining  the  Broad  40  miles  above  Columbia,  after  flowing  a  distance  of  about  70  miles  in  a  straight  line  and 
draining  an  area  of  about  730  square  miles.  There  are  no  towns  on  the  stream,  which  flows  through  a  hilly  country, 
gently  rolling  but  not  very  broken,  the  principal  productions  of  which  are  grain  and  cotton.  The  bed  of  the 
stream  is  rock  at  all  the  shoals,  but  between  them  sand,  clay,  or  gravel.  The  prevailing  rock  in  all  this  upland 
country  drained  by  the  tributaries  of  the  Oongaree  and  of  the  Savannah  is  gneiss,  the  streams  crossing  the  ledges 
nearly  at  right  angle's.  Almost  all  of  the  water-powers  of  this  part  of  the  state  are  formed  by  the  streams  passing 
over  these  ledges  of  gneiss,  and  the  falls  are  very  often  quite  sudden.  It  is  to  be  remarked,  however,  that  the 
rivers  in  this  section  of  the  country  are  in  many  places  rapidly  filling  up  with  detritus — sand  and  mud — which  is 
washed  in  from  the  hill-sides,  so  that  many  shoals  are  being  rapidly  obliterated,  and  at  many  places,  where  within 
the  memory  of  middle-aged  men  there  were  shoals  with  falls  of  from  5  to  10  feet,  at  present  scarcely  any  shoals  can 
be  noticed.  The  cause  of  this  is  probably  to  be  attributed,  to  a  large  extent,  to  the  cutting  down  of  the  forests,  by 
which  the  soil  is  divested  of  the  roots,  fibers,  and  mosses,  which  serve  in  so  great  a  degree  to  hold  it  together  and 
prevent  its  being  washed  away  by  sudden  showers ;  also  partly  due,  it  is  said,  to  a  superficial  method  of  cultivation, 
by  which  the  soil  is  also  rendered  less  cohesive  and  more  liable  to  washing.  This  phenomenon  is  also  noticeable 
in  ISTorth  Carolina,  but  not  to  such  a  marked  extent  as  in  the  portion  of  the  country  we  are  now  considering.  It  is 
very  important  to  notice  also  that  one  effect  of  this  silting  up  of  the  streams  is  to  diminish  the  facilities  for 
storage ;  for  if  artificial  reservoirs  are  constructed,  they  soon  fill  up,  and  their  capacity  is  greatly  diminished.  This 
effect  will  be  noticeable  on  small  streams,  where  artificial  reservoirs  could  be  located ;  and,  in  fact,  it  is  said  that 
many  mill-ponds  fill  up  so  rapidly  that  they  have  to  be  cleaned  out  at  short  intervals. 
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The  valleys  of  these  streams  are  not  especiallj-  favorable  for  reservoirs  from  a  topographical  point  of  view, 
although  some  sites  could,  no  doubt,  be  found. 

The  Enoree  has  considerable  bottom-laud  ou  its  lower  parts,  more  than  most  streams  in  this  vicinity,  and  the 
banks  are  not  often  steep  and  hilly.  In  fact,  along  the  banks  of  this  stream  are  some  of  the  finest  and  most  fertile 
bottomlands  in  the  state.  The  stream  is  75  feet  wide  at  its  mouth,  and  is  navigable  for  pole-boats  for  a  distance 
of  10  miles,  the  shoals  which  formerly  existed  in  this  distance  being  filled  up.  The  rainfall  ou  the  valley  is  about 
53  inches :  15  in  spring,  13  in  summer,  10  in  autumn,  and  15  in  winter. 

The  elevation  of  the  stream  at  the  crossing  of  the  Atlanta  and  Charlotte  Air-line  railroad  is  842  feet,  and  at  its 
mouth  about  269  feet,  giving  a  fall  between  these  points  of  573  feet,  or  about  7  feet  to  the  mile.  The  stream  is  at 
present  very  inaccessible,  but  the  new  railroad  from  Spartanburgh  to  Greenwood,  now  being  built,  will  cross  the 
stream  about  the  middle  of  its  course. 

The  shoals  ou  the  lower  part  of  this  riyer  are  rapidly  filling  up,  and  in  the  first  25  miles  there  are  only  two  small 
mills,  with  falls  of  5  feet  each.  At  "  Musgrove's  mill",*  about  10  miles  from  Laurens,  there  is  a  gristmill  with  6 
feet  fall,  the  dam  being  1  feet  high,  and  there  is  said  to  be  a  fall  of  4  feet  additional  below  the  mill.  Four  miles 
above  is  the  first  power  of  importance  ou  the  river,  and  between  the  two  is  a  small  shoal — Flat  shoal — with  a  fall 
of  4  feet  or  so.  At  the  other  shoal,  just  referred  to,  the  fall  is  said  to  be  16  feet,  which  is  utilized  by  a  small 
grist-mill.  I  am  not  able  to  locate  this  place  exactly  on  the  map,  but  as  nearly  as  I  can  find  the  drainage  area 
above  it  is  between  350  and  400  square  miles.    I  have  therefore  estimated  the  power  to  be  as  follows  : 

Power  at  YarhrougKs  mill. 


state  of  flow  (see  pages  18  to  21). 


SEniniam 

Minimum  low  season  . . . 
"NfaximnTn,  with  Storage 
Low  season,  dry  years  . 


Drainage 

area. 


Fall. 


Feet. 
16 


Flow  per 
second. 


Gu.ft. 


400 
97 


Horse-power. 


1  foot  faU. 
7.0 

9.0 

45.4  ' 

11.0 


Horse-power. 


16  feet  fall. 
112 

144 

725 

176 


Kemarks. 


i-  Only  20  to  30  horse-power  utilized. 


In  regard  to  my  estimates  of  the  power  on  these  streams  of  western  South  Carolina  it  must  be  remarked  that 
they  are  liable  to  considerable  error  on  account  of  lack  of  data  for  comparison.  The  powers  stated  to  be  utilized 
by  various  mills  and  factories  are,  in  many  cases,  very  large  in  proportion  to  the  fall  and  the  drainage  area,  and  if 
they  were  taken  as  correct,  the  conclusion  would  be  inevitable  that  these  streams  have  a  much  larger  flow  per 
square  mile  of  drainage  area  than  those  farther  north,  or  even  than  those  in  New  England,  notwithstanding 
the  lakes  in  the  latter  part  of  the  country ;  and  it  may  be  that  the  effect  of  the  depth  of  the  soil  and  of  the 
forests  in  South  Carolina  is  larger  than  would  be  expected,  and  that  the  streams  in  question  are  quite  constant  in 
flow  and  are  fed  by  perennial  springs.  But  in  the  first  place  the  powers  stated  to  be  used  generally  have  reference 
to  ordinary  years,  and  even  if  water  is  scarce  for  a  month  or  so  in  summer,  it  is  rarely  mentioned;  secondly,  the 
rated  i)ower  of  turbine- wheels  is  generally  much  too  large;  and  thirdly,  people  generally  have  a  tendency  to 
overrate  their  powers,  especially  if  they  do  not  use  quite  the  full  power  of  the  stream.  I  have  therefore  prepared 
my  estimates  from  comparisons  with  streams  of  similar  drainage  area,  and  they  must  be  looked  upon  as  giving 
simply  the  power  and  flow  which  would  be  expected,  reasoning  from  analogy,  and  not  taking  into  account  any 
abnormal  circumstances,  such  as  large  springs,  which  may  exist  in  some  cases. 

The  next  shoal  above  this  one  is  Mountain  shoal,  the  most  important  power  on  the  Enoree.  It  is  situated 
about  12  miles  from  Laurens,  which  is  the  nearest  railroad  point.  The  stream  pours  here  over  a  ledge  of  gneiss- 
rocli,  falling  nearly  70  feet  in  a  quarter  of  a  mile,  but  divided  into  two  parts.  At  the  head  of  the  upper  shoal  a 
natural  dam  extends  nearly  across  the  stream,  which  is  some  200  to  300  feet  wide,  and  the  stream  falls  16.5  feet  in 
500,  the  whole  of  which  fall  can  be  easily  used  on  the  left  bank,  with  safe  building-sites,  the  right  bank  not  being 
so  favorable.  A  fall  of  6  feet  is  used  here  by  a  cotton-gin  with  a  wing-dam.  After  flowing  200  yards  with  a  fall 
of  only  a  couple  of  feet,  the  river  flows  over  a  second  ledge  of  gneiss,  falling  52  feet  in  250  yards.  At  the  head  of 
this  fall  the  stream,  is  300  feet  wide,  and  a  wing-dam,  consisting  simply  of  a  log  bolted  to  the  rock,  turns  the  water  to 
the  left  bank,  where  a  race  300  feet  long  affords  a  fell  of  16.5  feet  at  the  grist-  and  saw-mill  below,  although  25 
feet  could  be  obtained.  The  banks  on  the  left  are  steep  and  rocky,  while  on  the  right  they  are  lower,  and  at  the 
foot  of  the  shoal  is  a  bottom  which  is  sometimes  overflowed  to  a  depth  of  5  or  6  feet.  The  channel  of  the  stream  is 
interspersed  with  islands,  one  at  the  foot  of  the  shoal,  on  the  left  side,  covering  12  acres  at  low  water,  and  one  at 
the  head,  ou  the  right,  covering  6  acres,  with  a  narrow  branch  between  it  and  the  right  bank.    Some  power  could 


*  Mills  states  that  at  Musgrove'a  ford  there  ia  a  fall  of 
considerably  since  his  book  was  written. 
1012  w  P— VOL  16 49 


'26  feet  in  14  chains  "- 


The  falls  have,  however,  doubtless  changed 
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be  used  at  the  site  of  the  grist-mill  with  a  fall  of  20  to  30  feet,  but  the  entire  power  could  best  be  used  on  the  right 
bank,  with  a  canal  750  feet  long,  and  without  a  dam  of  any  consequence.  The  water  could  not  be  stored  during: 
the  night,  except  above  the  upper  shoal.  Thus  it  would  seem  best  to  utilize  the  two  shoals  separately,  by  which 
means  all  the  fall  could  easily  be  rendered  available. 

The  following  table  gives  my  estimate  of  the  power  here,  together  with  the  drainage  area  and  rainfall: 

Table  of  power  at  Mountain  shoal. 


state  of  flow  (see  pages  18  to  21). 


Draixmge 
area. 


Fall. 


Rainfall. 

Flow  per 

^ 

fl           .: 

1 

a 
a 

a 
S 

1 

^ 

second. 

Qi 

<( 

^ 

H 

In. 

In. 

In. 

In. 

In. 

OU./U 
f          *^ 

15 

14 

10 

16 

55 

J          56 

300 

I          64 

Horse-power  available,  gross. 


Utilized. 


Ifet 
horse- 
power. 


Fall. 


Minimum 

Minimum  low  season  . . 
Maximum,  with  storage 
Low  season,  dry  years  - . 


Sq.  miles. 


280  j 


Feet. 


1ft.  fall. 


70 


4.8 


34.0 
7.3 


lOftfall. 

330 

450 

2,400 

500 


Feet. 


23^ 


This  power  is  eminently  worthy  of  attention,  for  it  is  in  all  respects  an  excellent  one.  Building-stone  is  near 
at  handj  and  the  only  objection  to  the  place — its  inaccessibility — bids  fair  to  be  removed  by  the  construction  of  the 
Spartanburgh  and  Greenwood  railroad,  which  will  probably  cross  the  river  just  at  the  shoal.  The  place  is  owned, 
by  Mr.  W.  A.  McClintock,  Mountain  Shoal  post-office. 

Above  this  place  come  several  small  shoals — Kilgore's,  Yarbrough's,  Plemming,  Woffbrd's,  and  Leatherwood's ;, 
but  they  are  gradually  being  filled  up  and  are  disappearing,  especially  Kilgore's  and  the  Flemming  shoal,  which 
are  said  to  be  worthless.  The  other  three,  none  of  which  are  used,  are  said  to  have  falls  of  from  6  to  12  feet 
available.  But  the  most  important  power  is  Van  Patten's  shoal,  about  300  yards  above  Leatherwood's  shoal,  1&- 
miles  above  Mountain  shoal  (by  river),  and  over  20  miles  from  Laurens.  The  river  here  falls  over  a  ledge  of  gneiss- 
rock,  as  at  Mountain  shoal,  the  fall  being  55  feet  in  900  feet.  Both  banks  are  steep,  and  both  could  be  almost 
equally  well  used  for  building ;  but  the  left  bank  is  probably  the  more  favorable  if  only  a  small  amount  of  power  is- 
to  be  used,  while  if  the  total  available  power  is  to  be  utilized  the  right  is  perhaps  better.  However,  the  whole  fait 
could  be  easily  utilized.  At  present  only  a  small  portion  is  used  by  a  small  mill  on  each  side.  The  river  is  about 
150  yards  wide  at  the  head  of  the  shoal. 

Leatherwood's  shoal,  just  below,  is  also  available,  the  natural  fall  being  10  to  12  feet  in  150  yards. 

The  following  table  gives  my  estimate  of  power,  with  drainage  area  and  rainfall  for  these  two  shoals : 


state  of  flow  (see  pp.  18  to  21), 


Brain  age 
area. 


Fall. 


Kainfall. 


Flow  per 
second. 


Horse-power  available,  gross. 


Utilized. 


Net 
horse- 
power. 


Fall. 


Minimum 

Minimum  low  seasoB  .-, 
Maximum,  with  storage 
Low  season,  dry  years... 


Sq.  miles. 


Feet. 

•  Van  Pat-  ' 
ten's,  55; 
Leather- 
wood's, 

.     10-12.     , 


In. 


10 


In. 


16 


In. 


I  ! 

1  /t  fall.  ,55  ft  fall.  .10  ft.  foM. 

4.  0  j  220  I  40  1 

5.  Si  290  !  50  I 
28. 4           1,  350  I          280  | 

6.0  330  I  6oJ 


50- 


Feet. 


12  and  e- 


Like  Mountain  shoal,  this  is  a  most  excellent  power,  and  worthy  of  attention. 

The  next  shoal  above  Van  Patten's  is  one  belonging  to  the  Pelham  Manufacturing  Company,  and  the  fall 
available  is  30  feet,  with  a  5-foot  dam  and  a  race  500  yards  long  through  clay,  according  to  the  secretary,  O.  P. 
Jackson,  esq.  Just  above  it  is  the  Buena  Vista  cotton  factory,  using  a  fall  of  18  feet  and  60  horse-power,  with  a 
dam  4  feet  high,  120  yards  long,  and  a  race  of  80  feet.  In  summer  there  is  no  wastoe  except  at  night,  when  running 
full  capacity,  the  mill  being  run  12  hours.     In  addition  to  the  factory,  there  is  a  gin-,  saw-,  and  grist  mill. 

One  mile  above  this  is  a  shoal  belonging  to  Dr.  T.  R.  League,  the  fall  being  23  feet  in  a  distance  of  about  80  feet,, 
with  no  dam,  according  to  Mr.  Jackson.  These  three  shoals  last  mentioned  are  all  about  11  miles  from  Greenville 
and  6  miles  from  the  Air-line  railroad  at  Greer's  station. 

Above  this  are  several  other  shoals,  one  (Taylor's)  about  8  miles  from  Greenville  and  half  a  mile  above  the 
railroad,  and  said  to  have  a  natural  fall  of  5  to  8  feet,  capable  of  being  increased  by  a  dam.  And  there  are  several 
similar  ones  further  up,  including  Bannister's,  with  a  fall  of  15  feet  and  a  dam  9  feet  high. 

It  will  be  seen  that  the  Enoree  river  has  a  succession  of  considerable  shoals  affording  excellent  powers- 
Crossing  the  ledges  of  rock  at  larger  angles  than  the  Broad  river,  the  falls  of  all  these  tributaries  are  more  abrupt.. 
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Table  of  power  at  Pelhamfor  the  three  shoals  mentioned. 


Ill 


State  of  flow  (aeo  pages  18  to  21). 


Minimum 

Minimum  low  season  . . . 
Maximum,  with  storage. 
Low  season,  dry  years  . . 


Braiuago 
area. 


Sq.  miles. 


Fall. 


Feet. 

Pelbam  30; 
Bueua  Vis- 
ta faolory, 
l8:League's 
shoal,  23. 


Kaiufnll. 


In. 


In. 


In.       In. 

I 
14  10  i       10 


In. 


Flow 

per 

second, 


Horse-power  available,  gross. 


Cu./t. 

l/t./aU. 

30 /t.faM. 

\S  ft.  fall. 

10 

1.1 

33 

20 

3-2 

1.4 

42 

25 

100 

11.4 

340 

200 

15 

1.7 

51 

31 

trtilized. 


Net 
horse- 
power. 


iFall. 


Feet. 


Mr.  Jackson  estimates  the  available  power  of  these  three  shoals  during  nine  months  of  an  ordinary  year  at 
200, 150  to  200,  and  120  horse-power,  respectively.  "Sly  estimates  above  given  amount  to  63,  39,  and  49  horse-power 
during,  say,  the  driest  month  of  an  ordinary  year,  and  about  180,  120,  and  150  horse-power  during  nine  months.  *I 
do  not  know  that  Mr.  Jackson's  estimates  are  founded  on  gaugings,  but  my  own  are,  of  course,  liable  to  many  errors. 
Mr.  Jackson  states  that  at  the  factory  they  run  full  capacity  (60  horse-power)  all  the  time,  with  water  always 
wasting  some,  which  would  indicate  the  above  results,  based  on  analogy,  to  be  too  small. 


THE  TIGEE  EIVER. 

The  next  important  tributary  of  the  Broad  is  the  Tiger,  which  enters  it  only  ^  miles  above  the  mouth  of  the 
Enoree,  and  from  the  same  side.  It  is  formed  in  Spartanburgh  county  by  the  union  of  three  forks,  the  north,  middle, 
and  south,  whence  it  flows  into  Union,  and  at  its  lower  extremity  forms  for  a  short  distance  the  boundary  between 
that  county  and  Newberry.  Of  its  headwaters,  the  south  and  the  middle  forks  rise  in  Greenville  county  and  drain 
respectively  areas  of  108  and  65  square  miles,  the  latter  uniting  with  the  north  fork,  which  rises  in  Spartanburgh 
county,  and  drains  41  square  miles;  the  total  drainage  area  of  the  middle  and  north  forks  at  their  junction  with 
the  south  fork  being  121  square  miles.  The  length  of  the  Tigeo:  from  the  junction  of  its  forks  to  its  mouth  is  about 
36  miles,  measured  in  a  straight  line,  and  its  total  drainage  area  720  square  miles,  almost  exactly  the  same  as  that 
of  the  Enoree.  The  principal  tributary  of  the  stream  is  Fair  Forest  creek,  which  rises  in  Spartanburgh  county  and 
enters  the  Tiger  in  Union,  about  15  miles  from  its  mouth,  after  draining  about  203  square  miles.  The  Tiger  is  very 
shnilar  in  all  respects  to  the  Snoree,  to  which  it  flows  nearly  parallel,  the  distance  between  the  two  varying  from  4 
miles  in  their  lower  parts  to  7  or  8  near  their  headwaters,  the  ridge  between  them  being  low.  Their  drainage- 
basins  are  also  exactly  similar  in  character,  and  the  Tiger  is  also  being  gradually  filled  up  and  the  shoals  obliterated 
in  places.  The  elevations  of  the  three  forks  at  their  crossings  with  the  Air-line  railroad  are  as  follows :  South 
Tiger,  728  feet;  Middle  Tiger,  792  feet;  North  Tiger,  712  feet.  The  elevation  of  the  mouth  of  the  stream  being 
about  285  feet,  the  fall  is  perhaps  at  the  rate  of  6  or  7  feet  per  mile,'  or  about  the  same  as  that  of  the  Enoree.  The 
rainfall  is  the  same  as  on  the  latter  stream;  and  as  regards  accessibility,  the  same  remarks  aj-e  true  regarding  both. 

On  account  of  the  silting  up  of  the  stream  there  are  no  shoals  of  importance  for  30  or  40  miles  from  the  mouth, 
the  first  worth  mentioning  being  the  site  of  "Hill's  factory",  situated  about  18  miles  from  Spartanburgh,  Lanrens, 
and  Union.  Four  miles  below  it  is  a  fall  of  10  feet  used  by  a  grist-mill,  the  available  power  at  which  place  can  be 
seen  from  the  following  table  for  Hill's  factory.  Between  this  ])oint  (called  Burnt  factory)  and  the  mouth  of  the 
stream  there  were  formerly  4  mills,  all  now  abandoned  on  account  of  the  filling  up  of  the  shoals. 

At  "  Hill's  factory"  the  fall  continues  for  about  three-fourths  of  a  mile,  but  may  be  divided  into  three  parts,  the 
lower  one  with  a  fall  of  about  12  feet,  the  middle  one  with  15  to  16  feet,  and  the  upper  one  with  12  to  15  feet 
(according  to  Mr.  Hill).  The  width  of  the  stream  is  about  the  same  as  that  of  the  Enoree  at  Mountain  shoals.  The 
bed  is  rock,  and  the  banks  said  to  be  favorable.  The  lower  shoal  has  been  used  for  a  factory,  but  is  now  used  for 
a  grist-mill,  and  there  were  iron  works  on  the  middle  shoal  sixty  or  seventy  years  ago.  The  following  table  gives 
my  estimate  of  the  power : 


MiTlimnTn 

Minimum  low  season  .  -  - 
Kaximum,  with  storage. 
Low  season,  dry  years  . . 


112 
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Four  miles  above  is  a  grist-  and  saw-mill  (Fesbitt's),  with  a  fall  of  9  feet  and  a  dam  5  feet  high,  subject  to 
stoppage  by  backwater.  The  power  available  is  probably  about  70  horse-power  iu  the  low  season  of  dry  years,  86 
in  the  low  season  of  ordinary  years,  and  over  200  during  nine  months  in  an  ordinary  year.  The  drainage  area  above 
is  about  274  square  miles.  There  are  some  powers  above,  below  the  junction  of  the  forks,  one  of  which  is  said  to 
have  a  fall  of  15  feet,  and  is  not  improved. 

The  I^orth  Tiger  has  one  power  below  its  junction  with  the  Middle  Tiger,  used  by  a  grist-  and  saw-mill  (Ott's), 
with  14  feet  fall.  The  dam  does  not  extend  entirely  across,  and  is  3  feet  high,  the  race  being  200  feet  long.  The 
owner  states  that  he  has  a  fall  of  36  feet  in  300  yards,  the  bed  and  banks  being  rock ;  and  it  was  very  generally  stated 
that  this  power  is  an  excellent  one.  The  drainage  area  above  this  place  being  about  112  square  miles,  I  would 
estimate  the  power  at  about  2  horse-power  per  foot  in  the  low  season  of  dry  years,  2J  in  the  low  season  of  ordinary 
years,  and  perhaps  7  or  8  horse-power  for  nine  months  of  ordinary  years.  It  is  said  that  there  are  three  shoals 
not  improved  between  this  place  and  Nesbitt's,  and  the  falls  of  the  same  are  stated  to  be  10,  15,  and  15  feet,  the 
last  below  the  junction  of  the  south  fork,  and  already  referred  to. 

•  The  North  Tiger  above  the  mouth  of  the  Middle  Tiger  is  so  small  a  stream  that  it  is  not  worth  while  to 
consider  it  in  detail.  There  are  several  shoals  and  mills  upon  it,  but  the  stream,  even  at  its  mouth,  probably  will  not 
afford  over  3  horse-power  per  foot  for  nine  months  in  an  ordinary  year.  The  powers  are  excellent,  although  small, 
and  are  generally  abrupt,  with  the  best  facilities  for  dams  and  buildings.  There  are  some  sites  not  used,  one 
formerly  used,  belonging  to  Dr.  Cleveland,  with  a  fall  of  some  15  or  20  feet. 

The  Middle  Tiger  is  also  a  small  stream,  its  drainage  area  at  its  mouth  being  65  square  miles.  It  would 
therefore,  in  all  probability,  not  aifford  over  5  or  6  horse-power  per  foot  during  nine  months  of  an  ordinary  year. 
It  has  a  number  of  shoals,  where  the  stream  pours  over  ledges  of  soMd  rock,  falling  from  10  to  20  feet  in  a  short 
distance,  and  there  are  several  grist-mills  and  a  cotton  factory  on  the  stream.  Dean's  mill  has  a  fall  of  11  feet,  and 
abQve  it  are  4  to  5  feet  unimproved  ;  the  drainage  area  is  about  50  square  miles.  At  Ballinger's  mills  there  is  a  fall 
of  14  feet ;  and  at  the  Grawfordsville  cotton  factory  a  fall  of  17  J  feet  is  used,  with  35  horse-poweir.  There  are  three 
sites  not  used  on  the  stream,  of  which  the  best  is  Penny  shoal,  one  mile  below  Ballinger's  mills,  where  there  is  a 
continuous  fall  for  a  distance  of  nearly  a  quarter  of  a  mile  over  a  layer  of  gneiss-rock,  the  total  fall  being  about  35 
feet.  The  banks  are  favorable  for  a  canal  and  for  building,  but  a  high'  dam  could  not  be  erected  at  the  head  of 
the  shoal,  because  it  would  reduce  the  fall  at  the  mill  above.  The  stream  is  from  100  to  150  feet  wide.  The 
drainage  area  above  this  shoal  being  about  50  square  miles,  the  available  power  will  probably  not  exceed  1.2  horse- 
power per  foot  in  the  low  season  of  ordinary  years  (42  horse-power  in  all),  and  about  4  horse-power  per  foot  during 
nine  months  of  ordinary  years  (140  horse-power  in  all).  This  shoal  is  2  miles  from  WeUford,  on  the  Air-line  railroad, 
and  is  owned  by  Dr.  J.  Jones,  of  that  place.  Below  it,  and  a  little  above  Grawfordsville,  is  a  second  unimproved 
shoal,  said  to  be  superior  to  the  one  at  the  latter  place,  it  being  equal  in  fall,  and  having  better  building  facilities. 
Three  miles  below  Grawfordsville  is  a  third  fall,  not  used,  said  to  have  a  fall  of  10  feet.  I  must  once  more  state  that 
the  drainage  areas  I  have  calculated  make  no  pretensions  to  accuracy,  and  I  have  more  than  once  had  occasion  to 
notice  great  disagreements  between  those  given  by  different  maps.  My  estimates  of  power  are  likely  to  be  in  error 
one  way  or  the  other  by  fully  20  or  25  per  cent. 

The  South  Tiger  is  the  largest  of  the  three  forks,  and  it  resembles  the  other  forks  in  all  respects,  and,  like  them, 
has  a  number  of  fine  shoals,  some  used  and  some  unimproved.  It  drains  a  total  area  of  108  square  miles,  and 
will  therefore  afford,  in  all  probability,  about  2  horse-power  per  foot  iu  the  low  season  of  dry  years,  2J  in  the  low 
season  of  ordinary  years,  and  0  or  7  for  nine  months  of  ordinary  years.  There  is  one  cotton  factory  on  the  stream, 
with  a  fall  of  17  feet,  and  several  grist-  and  saw-mills.  There  is  said  to  be  one  shoal,  with  a  fall  of  about  10  feet, 
not  used,  not  far  from  the  mouth.    Some  of  the  shoals  on  this  stream  are  being  silted  up. 

Pair  Forest  creek,  the  principal  tributary  of  the  Tiger,  flows  within  a  mile  or  so  of  Spartanburgh,  and  within  5 
miles  of  Union,  and  has  a  number  of  grist-mills.  Being  similar  in  character  to  the  streams  already  described,  it  is 
necessary  merely  to  describe  the  only  important  shoal  on  the  stream,  at  present  not  utilized,  viz,  Murphy's  shoal, 
about  5  miles  from  Union,  and  about  an  equal  distance  from  the  mouth  of  the  stream.  The  fall  is  about  19  feet  in 
a  distance  of  400,  over  a  ledge  of  gneiss-rock ;  but  the  rapids  continue  below,  the  total  fall  amoiinting  to  about  27 
feet  in  1,000.  Just  above  the  falls  the  stream  is  100  feet  wide,  and  at  the  falls  it  is  about  200  or  250  feet  wide.  The 
left  bank  is  favorable  for  building,  and  the  fall  of  19  feet  could  be  utilized  very  easily,  and  in  fact  14  feet  of  it  have 
been  utilized  until  within  a  few  months  by  a  grist-mill  and  cotton-gin,  with  a  low  wing-dam  about  300  feet  long  and 
3  or  4  feet  high  and  a  wooden  flume  150  feet  in  length.  A  high  dam  could  not  well  be  built  without  overflowing 
considerable  bottom-land.  The  drainage  area  above  this  site  being  about  180  square  miles,  T  haA^e  estimated  Ihe 
power  in  the  following  table  : 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season 

Maximum,  with  storage 
Low  season,  dry  years  . . 
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Hence  in  ordinary  years,  with  19  feet  fall,  about  110  horse-power  could  be  obtained  in  the  dry  season,  and  over 
300  during  nine  months. 

The  banks  on  the  south  side  of  the  stream  are  high  and  rocky,  so  that  the  power  can  best  be  used  on  the  other 
Bide,  where  the  grist-mill  was.  The  utilization  of  the  total  fall  of  27  feet  would  not  be  so  easy,  the  location  not 
being  so  safe,  on  account  of  the  presence  of  a  bottom  just  below  the  main  fall. 

Less  than  a  mile  below  this  shoal  is  a  small  rift,  with  a  fall  of  perhaps  0  feet  in  COO,  with  a  favorable  location 
on  the  south  side.  Between  the  two  there  are  other  shoals,  which  make  up,  with  the  one  just  referred  to,  a  fall 
of  12  or  15  feet  in  a  distance  of  three-eighths  of  a  mile.  This  fall  is  available,  and  could  best  be  utilized  by  building 
a  dam  about  8  feet  in  height,  provided  the  bed  should  be  found  favorable.  This  place,  however,  is  far  inferior  to 
Murphy's  shoal.  * 

On  a  little  tributary  to  the  Fair  Forest  river,  about  5  miles  from  Spartanburgh,  there  is  a  perpendicular  fall  of 
30  or  40  feet;  but  the  stream  is  so  small  that  the  power  is  imimportant,  though  it  is  used  by  a  small  mill. 

THE  PAOOLETT  RIVEE. 

The  next  tributary  of  the  Broad  river  which  is  worthy  of  special  mention  is  the  Pacolett  river,  which  enters  from 
the  west  in  Union  county,  at  a  point  about  75  miles  above  Columbia,  and  is  one  of  the  most  important  tributaries 
as  regards  water-power.  It  is  formed  by  the  union  of  two  forks,  the  North  Pacolett  and  the  South  Pacolett,  the 
former  rising  in  the  southern  part  of  Polk  county,  ]S'orth  Carolina,  and  the  latter  in  the  northern  part  of  Greenville 
county,  South  Carolina,  uniting  in  Spartanburgh  county.  The  distance  from  the  junction  of  these  forks  to  the 
mouth  of  the  river  is  about  37  miles  in  a  straight  line,  and  the  total  drainage  area  of  the  stream  is  about  475  square 
miles,  of  which  the  North  Pacolett  drains  80  square  miles,  the  South  Pacolett  82  square  miles,  and  Lawson's  fork, 
the  other  principal  tributary,  82  square  miles.  The  stream  flows  within  7  miles  of  Spartanburgh,  Lawson's  fork 
passing  within  2  miles  of  that  place. 

The  drainage-basin  of  the  Pacolett  river  is  mountainous  in  its  upper  part,  and  especially  in  that  part  drained  by 
the  North  fork,  which  is  a  real  mountain  stream,  tumbling  down  a  narrow  valley,  from  rock  to  rock,  with  a  fall  of 
100  feet  or  over  to  the  mile.  The  basin  of  the  South  fork,  and  of  the  main  stream  below  the  junction  of  the  two, 
is  very  similar  to  that  of  the  Tiger,  or  to  that  of  the  Bnoree,  except  that  it  is  more  hilly  and  broken,  especially 
toward  the  lower  part,  where  there  are  fewer  bottoms  than  near  the  foot  of  the  mountains.  The  rainfall  is  about  the 
same  also.  The  elevation  of  the  stream  at  the  crossing  of  the  Air-line  railroad  is  612  feet,  and  at  its  mouth  about 
400  feet;  so  that  the  fall  between  those  points  is  at  the  rate  of  about  7  feet  to  the  mile,  or  about  the  same  as  that 
of  the  Tiger  and  the  Enoree.  The  stream  is  a  succession  of  shoals,  and  affords  considerable  water-power;  and  it 
has  one  great  advantage  over  the  Tiger  and  the  Enoree,  viz,  that  it  is  easily  accessible  from  the  Air-line  and  the 
Spartanburgh  and  Union  railroads. 

The  first  shoal  met  with  in  ascending  the  river  is  Skull  shoal,  4  miles  from  the  mouth,  but  the  fall  is  only  3  feet 
or  so.  It  is  to  be  remarked  here  that  the  Pacolett  and  the  streams  north  of  it  suffer  less  from  the  silting  up  of 
shoals  than  the  Tiger  and  the  Enoree,  perhaps  due  to  the  fact  that  the  country  is  better  wooded  as  the  mountains  are 
approached.  The  next  shoal  above  Skull  shoal  is  G-rindall  shoal,  14  miles  from  the  mouth,  with  a  fall  of  about  6  feet, 
used  by  a  grist-mill.  The  next  is  Easterwood  shoal,  17  miles  from  the  mouth,  mentioned  by  MiUs  as  having  a  fall 
of  6J  feet  in  six  chains;  but  it  has  filled  up  somewhat  since  his  report,  and  is  of  no  value.  The  first  really  important 
power  on  the  stream  is  Trough  shoal,  the  most  notable  fall  on  the  river,  23  miles  from  its  mouth,  12  miles  from 
Spartanburgh,  and  2  miles  from  Pacolett  station,  on  the  Spartanburgh  and  Union  railroad.  The  total  length  of  the 
shoal  is  nearly  three-fourths  of  a  mile,  and  the  total  fall  in  that  distance  60  feet  or  thereabout,  as  ascertained  by  .a 
pocket-level.  At  the  upper  end  the  stream  is  contracted  for  a  distance  of  100  feet  or  over  between  two  vertical  walls 
of  rock  to  a  width  of  from  10  to  15  feet,  the  depth  being  about  16  feet  at  ordinary  stages  of  the  water;  but  at  high 
water  these  walls  are  overflowed,  and  the  whole  stream  has  a  width  of  200  or  300  feet.  The  bed  of  the  stream  is  solid 
rock  or  bowlders  for  the  entire  length  of  the  shoal,  and  the  fall  is  distributed  as  follows,  commencing  at  the  head : 

Twenty-two  feet  in  500,  including  the  "trough";  width  about  200  feet;  banks  on  the  right  not  bluffy,  and 
favorable  for  building;  on  the  left  not  so  good. 

Five  and  a  half  feet  in  750,  down  to  where  the  stream  is  crossed  by  a  bridge;  width,  200  feet.    Bank  on  the  right  ■ 
favorable ;  on  the  left  rocky.    This  fall  extends  from  the  foot  of  the  dam  (a  wooden  wing-dam  about  250  feet  long  and 
4  feet  high,  extending  in  a  broken  line  out  into  the  stream)  to  the  bridge,  the  dam  supplying  power  to  a  saw-  and 
grist-mill  and  cotton-gin,  and  having  a  fall  of  from  6  to  7  feet. 

Five  and  a  half  feet  in  350 ;  a  very  steep  and  rocky  bluff  on  both  sides,  especially  on  the  right,  and  very  difficult 
or  impossible  to  canal  along  it. 

Eleven  feet  in  500,  and  both  banks  are  very  rocky  and  steep.  At  the  head  of  this  distance  a  creek  enters  from  the  left. 

Five  and  a  half  feet  in  250,  both  banks  being  steep  and  rocky.  It  includes  the  narrowest  part  of  the  shoal 
below  the  trough,  the  stream  beiag  from  100  to  125  feet  wide. 

Five  and  a  lialf  feet  in  750,  the  bank  rocky  on  the  right,  except  at  the  center  of  distance,  where  the  hills 
recede,  and  the  left  bank  is  high  and  precipitous  at  the  upper  end,  but  low  at  the  lower  end.  Width  of  stream  at 
head,  150  feet;  at  foot,  200  feet. 

773 


114 


WATER-POWER  OF  THE  UNITED  STATES. 


-Five  and  a  half  feet  in  300,  the  right  bank  being  very  rocky  and  steep.    This  makes  a  total  of  about  60  feet. 

The  accompanying  sketch,  which  makes  no  pretensions  to  accuracy,  will  make  the  location  clearer. 

From  the  above,  it  is  clear  that  the  utilization  of  the  entire  fall  at  one  place  would  be  impracticable,  except  at 
great  expense.  At  the  head,  however,  a  fall  of  20  feet  could  be  used  very  easily,  with  no  dam  of  importance,  and 
with  a  favorable  site  for  building  on  the  south  side.  If  the  fall  below  were  to  be  used,  it  could  probably  best 
be  done  by  a  dam  near  the  middle  of  the  shoal,  and  perhaps  15  to  20  feet  high,  which  could  be  put  in  without  doing 
any  damage  by  overflowing.  A  canal  one-quarter  of  a  mile  long  would  give  a  fall  of  perhaps  30  feet  at  the  foot  of  the 
ehoal.    The  drainage  area  and  the  estimated  power  for  this  place  are  given  in  the  following  table: 

Table  of  power  at  Trough  shoals. 


state  of  flow  (see  pages  i$  to  21). 


Drainage 
area. 


Mininnnn. 

Hmimiim  low  season  . . . 
Ifaximum,  witli  storage 
Low  season,  dry  years. . 


Sq.  miles. 


380 


Fall. 


Feet. 


Rainfall. 


In. 


15 


In. 


14 


In. 


10 


In. 


16 


In. 


Ou./t. 
r  62 
I  88 
420 
y     100 


Horse-power  available,  gross. 


1  foot. 

20  feet. 

30  feet. 

7.0 

140 

210 

10.0 

47.7 

200 
950 

300 
1,430 

!■  25± 

11.4 

230 

350 

Utilized. 


Horse- 
power, 


FaU. 


Feel. 


This  power  is  one  of  ihe  best  in  the  vicinity.    As  before  stated,  it  is  used  now  only  by  a  small  grist-mill. 
Building-stone  can  be  had  in  the  neighborhood,  and  the  railroad  is  only  two  miles  distant. 

.  One  mile  above  Trough  shoals  is  Brown's  mill,  where  there  is  said  to  be  a  fall  of  some  14  feet,  and  two  and  a  half 
mUes  beyond  is  Hammett's  mill,  said  to  have  a  fall  of  8  or  10  feet.  This  is  above  the  mouth  of  Lawson's  fork,  and  the 
drainage  area  is  not  much  greater  than  that  above  Oltfton.  Just  below  the  mouth  of  Lawson's  fork  is  the  Crocker 
Ford  shoal  (fall  not  known).  Two  and  a  half  miles  above  it,  and  above  Hammett's  mill,  is  another  shoal,  at 
Thompson's  ford,  with  a  fall  of  perhaps  5  or  6  feet ;  and  two  miles  further  up  is  a  third  shoal,  said  to  have  a  fall  of 
about  10  feet.  One  mile  above,  and  30  miles  from  the  mouth  of  the  river,  is  Hurricane  shoal,  formerly  occupied  by 
iron  works,  but  now  the  site  of  the  Clifton  cotton  factory.  This  shoal  is  7  miles  from  Spartanburgh,  and  only  a  mile 
or  two  fro.oi  the  Air-line,  railroad.    The  fall  is  22  feet,  and  the  estimated  power  is  as  fallows  : 

Table  of  power  at  Olifton  factory. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season  . . . 
Maximum,  with  storage 
Low  season,  dry  years  . . 


Drainage 
area. 


8q.  miles. 


Fall. 


Feet. 


22 


Flow  per 
second. 


Oithic  feet. 
C  33 

J  *4 

I  250 

I  53 


Horse-power  available, 
gross. 


1  foot  falL 

3.7 

5.0 

28.4 

6.0 


22  feet  fall. 
80 
110 
625 
130 


Hemarks. 


I  The  estimate  of  drainage 
I     area  is  particularly  liable 
to  error  in  the  case  of  this 
I       stream. 


According  to  the  estimate,  in  ordinary  years  160  horse-power  may  be  expected  in  the  dry  season,  and  400  or 
over  for  nine  months. 

Two  miles  above  Clifton  is  a  fall  of  perhaps  8  feet,  not  improve«l,  called  the  Lindner  shoal.  This  is  the  last 
shoal  on  the  main  stream. 

Mills  gives  the  following  shoals  above  the  mouth  of  Lawson's  fork :  3  miles  from  junction,  12  feet  in  10 
chains  (this  is  probably  Hammett's  Mill  shoal) ;  2  miles  above,  10  feet  in  3  chains  (this  is  probably  Hammett's  upper 
shoal) ;  a  mile  above.  Hurricane  shoal,  16  feet  in  40  chaii:s;  6  miles  further  up,  8  feet  in  4  chains  (this  is  perhaps 
the  Lindner  shoal).    The  chain  referred  to  is  probably  66  feet. 

The  South  fork  has  only  small  saw-  or  grist-mills,  and  no  large  powers  so  far  as  could  be  learned.  The  North 
fork  has  a  very  large  fall  in  its  upper  part,  and  below  the  mountains  is  a  grist-mill  with  12  feet  fall,  and  a  cotton 
factory  with  12  feet  fall.  Both  streams  are  of  about  the  same  size,  draining  about  80  square  miles  each,  and  will 
probably  afford  at  their  mouths  2  horse-power  per  foot  fall  in  the  dry  season  of  ordinary  years  and  5  or  6  horse-power 
during  nine  months.  The  Spartanburgh  and  Ashville  railroad  follows  the  North  fork  for  some  miles  in  the 
mountains,  where  the  stream  is  a  roaring  mountain  torrent.  There  are  numerous  sites  for  small  mills  here,  and 
there  is  one  saw-  and  grist-mill,  with  a  fall  of  34  feet  and  scarcely  any  dam,  and  a  race  a  quarter  of  a  mile  long. 

Lawson's  fork,  which  enters  the  Pacolett  several  miles  below  Clifton,  has  a  drainage  area  of  about  82  square  miles, 
and  will  probably  give  2  horse-power  per  foot  during  the  dry  season  of  ordinary  years  and  6  horse-power  during  nine 
months,  according  to  my  estimates.  There  are  several  falls  on  it :  the  first,  just  below  Glendale,  of  15  feet  or  so, 
not  used,  giving  90  horse-power  most  of  the  time ;  the  second,  at  Glendale,  6  miles  from  Spartanburgh,  used  by  the 
cotton  factory  of  D.  E.  Converse  &  Co.    The  dam  is  of  rock,  rebuilt  in  1879  at  a  cost  of  $1,200,  and  is  300  feet  long 
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and  4  feet  high.  The  head-race  is  700  feet  long,  and  the  fall  35  feet,  200  horse-power  being  utilized  by  storing  the 
water  at  night  in  a  natural  pond  half  a  mile  above,  the  factory  being  run  12 -hours.  The  pond  above  is  formed  by  a 
natural  dam,  which  crosses 'the  stream.  This  dam  has  been  blasted  through  at  one  place  for  the  gates,  through  which 
the  water  is  drawn  down  during  the  day.  The  reservoir  is  half  a  mile  long,  150  feet  wide,  and  6  feet  deep,  and  is 
large  enough  to  store  all  the  water  at  low-water  stage.  This  natural  dam  affords  a  fall  of  12  feet  ia  all,  which 
is  now  unimproved,  but  would  afford  one-third  the  power  at  Glendale.  According  to  my  estimates,  the  gross 
power  available  at  Glendale  would  be  210  horse-power  tor  nine  months  of  an  ordinary  year  for  the  natural  flow 
of  the  stream  and  70  horsepower  for  the  low  season,  or  140,  with  storage,  during  12  hours.  The  shipping-point 
for  Glendale  is  Spartanburgh. 

Above  Glendale  there  are  several  small  grist-mills  and  one  cotton  factory  on  the  stream,  some  with  good 
shoals,  but  the  stream  is  small. 

Thicketty  creek,  a  tributary  of  Broad  river,  enters  from  the  west  about  G  miles  above  the  mouth  of  the  Pacolett. 
It  drains  an  area  of  100  square  miles,  and  has  no  large  falls,  so  far  as  I  could  learn. 

Bullock's  creek  and  King's  creek,  both  from  the  east,  drain  about  72  square  miles  eaclT,  and  offer  no  large  powers. 

Buffalo  creek,  which  rises  in  ZSTorth  Carolina  and  joins  the  Broad  in  York  county.  South  Carolina,  draining  an 
area  of  178  square  miles,  is  a  tributary  of  some  importance.  It  has  a  considerable  fall,  and  is  utilized  by  a  number 
of  grist-  and  saw-mills  and  one  paper-mill.  It  will  probably  afford  at  its  mouth  about  5^  horse-power  per  foot  fall  in 
the  low  season  of  ordinary  years,  and  15  or  over  during  nine  months.    The  stream  is  only  15  feet  wide  at  its  mouth. 

FIEST  BEOAD  EIVEE. 

This  tributary  rises  in  the  extreme  northern  part  of  Cleaveland  and  Eutherford  counties,  ISTorth  Carolina,  and 
flows  south  through  the  former,  passing  within  three  miles  of  Shelby,  joining  the  Broad  a  mile  below  Palmer's 
shoal.  It  drains  an  area  of  302  square  miles,  and  its  fall  from  the  crossing  of  the  projected  railroad  from  Shelby 
to  Eutherfordton  is  about  105  feet,  or  at  the  rate  of  8  feet  or  more  per  mile.  The  rainfall  is  the  same  as  on  the 
Pacolett  and  Tiger.     The  width  of  the  stream  at  its  mouth  is  90  feet. 

The  first  power  on  the  river  is  Chambers'  grist-mill,  with  a  fall  of  9  feet,  though  15  feet  are  said  to  be  available. 
The  stream  is  almost  as  large  here  as  at  its  mouth,  and  will  probably  afford  7  or  8  horse-power  per  foot  fall  in  the 
low  season  of  dry  years,  9  or  10  in  the  low  season  of  ordinary  years,  and  20  or  25  for  nine  months. 

Above  come  two  small  grist-mills,  and  then  a  third  (Loutze's),  where  there  is  said  to  be  12  feet  fall  available.  The 
next  important  power  is  at  Double  shoals,  at  the  cotton  factory  of  E.  A.  Morgan  &  Co.,  a  fall  of  8  feet  and  30  or  40 
horse-power  being  used.  It  is  said  that  double  this  amount  of  fall  rould  be  obtained  with  a  canal  400  yards  long. 
The  place  is  some  15  miles  from  the  mouth  of  the  stream,  and  the  drainage  area  is  perhaps  three-fifths  what  it  is  at 
the  mouth.  There  are  other  mills  above,  and  on  a  tributary  (Knob  creek)  is  the  cotton  factory  "of  Schenck, 
Eamsour  &  Co.,  with  15  feet  fall,  and  about  35  horse-power. 

SECOND  BROAD  EIVEE. 

This  river,  the  next  tributary  worth  mentioning,  rises  in  McDowell  county,  and  flows  through  Eutherford  county, 
draining  an  area  of  193  square  miles.  It  is  a  small  stream,  only  30  feet  wide  at  its  mouth,  but  there  are  several 
good  powers  on  it,  viz : 

Tumbling  shoal,  3  miles  from  the  mouth,  not  now  utilized,  is  the  first,  and  it  is  said  that  a  fall  of  15  feet  could 
be  obtained,  with  good  building-sites,  in  a  distance  of  200  yards.  The  stream  would  probably  give  from  4J  to  5 
horse-power  per  foot  in  low  seasons  of  dry  years. 

High  shoal,  one  mile  above,  is  said  to  be  the  best  water-power  in  Eutherford  county.  It  is  not  now  utilized,  but 
was  formerly  used  for  iron  works.  The  fall  is  stated  to  be  29  feet  in  400  yards,  over  a  solid  rock  bed,  all  of  which 
is  available,  with  good  building-sites.  The  stream  is  about  as  large  as  at  Tumbling  shoal,  and  will  perhaps  give 
6  horse-power  per  foot  in  dry  seasons  of  ordinary  years,  and  perhaps  15  or  more  during  nine  months. 

The  "Burnt  factory",  2  miles  above,  is  the  next  site — a  very  good  one,  now  used  for  a  saw-  and  grist-mill,  with  a 
crib-dam  300  feet  long,  9  or  10  feet  high,  a  race  100  feet  long,  and  a  fall  of  14  feet,  capable  of  being  increased  to  16. 

Farther  up  the  river  are  other  shoals,  but  they  are  of  no  great  consequence,  although  in  its  upper  parts  the  fall 
of  the  stream  is  very  great. 

Shelby  is  the  nearest  railroad  point  to  all  of  the  shoals  mentioned  on  the  Broad  rivers,  being  16  miles  from 
High  shoal  and  T?umbling  shoal  and  8  miles  from  Double  shoals.  There  are  numerous  other  water-powers  in  the 
vicinity  on  smaller  streams;  thus  on  Brushy  creek,  a  tributary  of  the  First  Broad,  there  is  within  2  miles  of  Shelby 
a  fall  of  36  feet  in  600  yards,  not  improved,  said  to  be  capable  of  affording  50  horse-power  in  dry  seasons ;  and  on 
Muddy  fork,  a  tributary  to  the  Buffalo  creek,  there  is  an  unimproved  fall  of  20  feet  in  100  yards  about  a  mile 
from  its  mouth,  said  to  be  good  for  40  horse-power  in  dry  weather.  All  these  streams  have,  as  a  rule,  rock  beds 
and  good  banks,  which  are  not  often  overflowed.  They  are  subject  to  heavy  but  short  freshets.  The  soil  in  all  this 
region  is  clay  and  loam. 

The  projected  railroad  to  Eutherfordton,  the  grading  for  which  was  done  long  ago,  will  pass  nearer  to  some  of 
the  powers  which  have  been  mentioned;  for  instance,  within  3  miles  of  High  shoal. 
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GREEN  EIVER. 

This  the  last  important  tributary  of  the  Broad,  rises  in  the  mountains  of  Henderson  county,  and  flows  a 
little  north  of  east  into  Polk  county,  where  it  joins  the  Broad.  The  upper  part  of  its  course  lies  in  a  narrow 
valley,  not  over  4  miles  wide  for  20  miles  from  the  head  of  the  stream,  but  below  that  the  basm  is  much 
wider.'  The  length  of  the  stream  in  a  straight  line  is  about  36  miles,  and  its  drainage  area  198  square  miles.^ 
It  has  a  rapid  fall,  and  considerable  power  is  available,  though  very  little  is  used.  The  bed  is  rock,  and  the 
banks  in  some  places  are  nearly  vertical  rock  walls,  while  at  others  the  river  winds  through  fertile  bottoms, 
subject  at  times,  though  not  extensively,  to  overflow,  these  bottoms  being  speciaUy  frequent  in  the  lower  part  of 
its  course.  The  stream  is  very  inaccessible,  being  crossed  by  only  one  railroad— the  Spartanburgh  and  AsheviUe— 
about  16  miles  from  its  head.  The  stream  is  about  75  or  100  feet  wide  where  this  road  crosses  it,  and  90  feet  wide 
at  its  mouth. 

I  obtained  information  regarding  three  shoals  on  the  stream,  but  on  account  of  the  rapid  fall  there  are 
doubtless  other  places  where  power  could  be  obtained  by  damming.  The  lowest  point  is  at  Green  Eiver  cove, 
where  there  is  said  to  be  a  considerable  fall,  not  utilized,  extending  oyer  some  distance.  This  site  is  some  distance 
from  the  railroad,  and  not  easily  accessible.  Pott  shoal,  which  is  just  below  the  railroad-crossing,  is  much  more 
favorable,  and  is  said  to  be  the  best  site  on  the  river.  The  falls  commence  just  below  the  bridge,  and  continue  for 
some  distance,  the  fall  being  very  rapid,  with  now  and  then  an  abrupt  fall  of  several  feet.  The  bed  is  solid 
rock,  and  the  banks  generally  high ;  but  near  the  foot  of  the  shoal  there  is  said  to  be  a  very  good  building-site. 
The  shoal  takes  its  name  from  a  number  of  curiously  worn-out  holes  in  the  rock  forming  the  bed  of  the  stream, 
almost  circular,  and  looking  very  much  like  large  auger  holes. 

About  two  miles  above  the  railroad,  and  therefore  not  so  favorably  located  as  Pott  shoal,  are  the  falls  of  the 
Green  river,  the  third  site  above  referred  to,  and  the  only  one  I  visited  in  person.  The  fall  is  about  30  feet  in  100, 
preceded  by  rapids  for  three-eighths  of  a  mile,  making  a  total  fall  of  over  45  feet.  The  banks  are  rocky  and  very 
steep,  so  that  building  facilities  are  not  very  good.  The  drainage  area  above  this  place  is  about  67  square  miles, 
and  the  available  power  would  perhaps  be  1  horse-power  or  a  little  over  per  foot  in  the  low  season  of  dry  years, 
and  3 J  or  4  horse-power  for  nine  months  of  an  ordinary  year.  -The  building  facilities  at  Pott  shoal  are  said  to  be 
much  better  than  at  these  falls,  and  the  fall  is  also  said  to  be  greater. 


THE  SALUDA  RIVER. 

The  Saluda  is  formed  on  the  boundary  between  Pickens  and  Greenville  counties.  South  Carolina,  by  the  union 
of  its  north,  south,  and  middle  forks,  whence  it  flows  southeast,  forming  the  boundary-line  between  Anderson, 
Abbeville,  and  Edgefield  counties  on  its  right,  and  Greenville,  Laurens,  and  Newberry  counties  on  its  left,  and  after 
passing  through  Lexington  county  unites  with  the  Broad  to  form  the  Oongarefe.  The  length  of  the  stream,  in  a 
straight  line,  is  about  110  miles,  and  its  drainage  area  2,350  square  miles.  All  its  important  tributaries  enter  from 
the  north  side,  viz :  Bush  river.  Little  river,  and  Reedy  river.  The  general  character  of  the  Saluda  is  similar  to 
that  of  the  Enoree  river  and  other  tributaries  of  the  Broad.  The  three  forks  rise  in  the  mountains,  the  ijorth  fork 
very  near  to  the  North  Carolina  line  and  very  near  to  the  sources  of  the  Pacolett,  and  all  three  are  mountain 
streams.  Down  as  far  as  the  lower  border  of  Anderson  county  the  country  is  broken,  and  the  banks  of  the  stream 
are  generally  high,  with  few  bottoms;  below  that  the  country  is  more  open,  and  there  are  considerable  areas  of 
bottom-land  subject  to  overflow.  The  facilities  for  artificial  reservoirs  are  said  to  be  rather  poor,  as  on  all  the 
tributaries  of  the  Broad,  the  fall  of  the  streams  being  so  rapid.  The  bed  is  rock,  and  the  banks  in  places  of  the 
same  material,  and  in  other  places  alluvial.  The  rainfall  in  the  basin  is  about  51  inches  (see  p.  121).  The  following 
table  will  show  approximately  the  declivity  of  the  stream : 


Place. 


Month 

Cl'ossmg  of  Greenville  and  Colnmbia  railroad 

Crossing  of  Greenville  and  Columbia  railroad 

Crossing  of  Atlanta  and  Charlotte  Air-line  railroad 


The  stream  is  accessible  from  the  Greenville  and  Columbia  railroad  and  from  the  Air-liue  railroad,  as  will  be 
seen  from  the  map. 

The  water-powers  met  with  in  ascending  the  stream  will  now  be  described : 

At  Beard's  falls,  2  miles  above  Columbia,  is  the  factory  of  the  Saluda  Manufacturing  Company.  The  dam  is  of 
stone,  900  feet  long  and  9  feet  high,  anc'  at  the  factory  the  fall  is  from  14  to  IG  feet,  the  race  being  200  feet  long.    The 
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power  utilized  is  150  horse-power,  with  always  a  waste  of  water.    According  to  what  has  been  said  regarding  the 
flow  of  the  Saluda,  the  power  at  this  place  is  estimated  as  follows: 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


FaU. 


Flow  per 
I     second. 


I  Horse-power  av.iilable, 
gross. 


MinliwiiTn 

Minimaiu  low  season  . . . 
Maxunnm,  with  itbrage 
Low  season,  dry  years-. 


Sq.  miles. 


2,350 


Feet. 


le 


Cubic  feet. 

650 

700 

2,100 

i  825 


I" 


i  foot  fall,  j  m  feet/all. 

62.5  1,000 

79.5  1 

238.6 


93.7 


3,800 
1,500 


The  Saluda  river  was  made  navigable  many  years  ago  by  the  state,  and  three  canals  were  constructed,  the 
lowest  one  being  around  Beard's  faUs.  The  canal  was  2J  miles  long,  and  had  5  locks,  with  34  feet  lift  together, 
covering  the  fall  of  the  river  between  its  mouth  (where  there  was  a  dam  across  the  Broad,  in  the  pool  of  which  the 
boats  were  floated  over  to  the  Columbia  canal)  and  the  head  of  Lorick's  falls,  a  mile  and  a  balf  above  the  Saluda 
factory.  At  these  falls  there  is  a  natural  faU  in  the  river  of  about  6  feet,  and  their  liead  is  27  feet  above  the  mouth 
of  the  river,  according  to  a  recent  survey,  from  which  it  follows  that  there  must  have  been  a  dam  at  the  head  nearly 
10  feet  high.  The  available  powder  at  the  mouth  of  the  Saluda  may  therefore  be  considered  as  that  due  to  a  fall  of 
from  30  to  34  feet,  and  it  is  said  that  the  old  canal  could  be  put  in  order  without  much  difficulty. 

The  next  site  above  Lorick's  falls  is  above  the  mouth  of  Twelve-Mile  creek-,  at  Drcher's  canal,  the  second  state 
canal,  which  was  a  mile  long,  and  had  4  locks,  with  a  total  lift  of  21  feet."  The  canal  was  on  the  north  side,  and  the 
power  is  used  now  to  run  a  grist-  and  saw-miU  and  a  cotton-gin,  using  falls  ®f  less  than  10  feet,  the  only  dam  existing 
being  a  rough  stone  wing-dam.  This  is  an  excellent  site,  and  a  fall  of  20  feet  could  probably  be  rendered  available, 
or  10  feet  with  a  canal  only  300  yards  long.  The  place  is  about  6  miles  from  Lexington,  which  is  the  nearest 
railroad  point.  The  drainage  area  above  being  about  2,200  square  miles,  the  available  power  may  be  estimated  for 
20  feet  fall,  as  in  the  table  on  page  121. 

Three  miles  above  this  there  was  once,  though  not  now,  a  mill.  The  next  power  is  at  Wise's  ferry,  known  as 
Hyler's  shoal.  The  total  fall  is  not  known,  but  a  fall  of  5  feet  is  utilized  by  a  grist-mill  near  the  head.  Mills  gives 
a  fall  near  Wise's  ferry  of  17  feet,  but  whether  there  is  a  fall  there  now  I  cannot  say. 

Above  that  is  a  small  shoal  known  as  Kelly's,  and  then  a  shoal  at  Hiller's  ferry,  with  a  mill  on  each  side  of  the 
river,  using,  however,  falls  of  only  a  few  feet.  The  available  fall  at  this  place  I  am  unable  to  state.  Mills  mentions 
several  shoals  above  Wise's  ferry,  in  Lexington  county,  viz:  Hunter's  ferry  (5J  feet),  shoal  (3^  feet),  Snellgrove's 
island  (9  feet),  Manning's  island,  or  Simon's  ferry  (15  feet,  and  a  little  above  15  feet  additional),  Domick's  mill  (15 
feet) ;  making  in  all,  in  Lexington  "County,  a  fall  in  the  river  of  over  135  feet  in  a  distance  of  perhaps  25  to  30 
miles.  For  want  of  accurate  data  I  have  not  tabulated  these  powers,  but  it  is  evident  that  the  river  offers  a  large 
amount  of  power  in  this  distance.  Above  Hiller's  ferry  the  next  large  fall  is  said  to  be  at  Calk's  ferry,  probablj- 
called  Simon's  ferry  by  Mills.  There  is  a  mill  at  this  place  using  a  fall  of  5  feet,  and,  according  to  all  that  could  be 
learned,  the  fall  is  one  of  the  best  on  this  part  of  the  river. 

The  next  site  is  at  McN'ary's  ferry,  where  there  is  a  mill  using  a  fall  of  11  feet,  with  a  dam  4  feet  high  and  a 
race  100  feet  long.     It  is  said  to  be  a  fine  power,  with  only  a  small  fraction  utilized. 

There  was  formerly  a  mill  a  mile  or  two  below  the  mouth  of  the  Little  Saluda,  but  the  next  site  of  importance  is 
8  mUes  further  up,  at  Perkins'  ford.  This  shoal  is  said  to  be  the  best  in  Newberry  and  Edgefield  counties,  and  is 
altogether  unimproved.  The  banks  are  said  to  be  favorable  for  building,  and  the  fall  was  variously  stated  at  from 
5  to  10  feet  in  half  a  mile. 

Bauknight's  mill,  one  and  a  half  miles  above,  is  said  to  be  the  site  of  the  third  canal  on  the  river,  which  had 
one  lock,  with  a  lift  of  6  feet.  The  canal  is  on  the  north  side,  while  the  mill  is  on  the  other.  Above  this  there  are 
several  small  shoals  and  small  mills.  The  river  seems  to  be  quite  sluggish  through  this  part  of  its  course  from 
Perkins'  ford  up,  and  the  banks  are  said  to  be  troublesome,  and  to  wash  out  often  at  the  dams.  The  next  important 
power,  and  the  most  important  on  this  part  of  the  stream,  is  at  Ware's  mill,  or  the  Great  faUs,  above  the  mouth  of 
Eeedy  river,  and  about  12  miles  from  Hodges,  the  nearest  railroad  point.    It  is  shown  in  the  following  sketch : 


'  All  statements  regarding  these  canals  are  from  Mills. 
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Sketch  of  the  Saluda  river  at  the  Great  falls,  South  Carolina. 


The  shoal  is  a  mile  long,  and  the  fall  is,  in  all,  about  45  feet.  At  the  head  is  a  wing-dam  on  the  left  bank,  and 
a  race  half  a  mile  long  gives  a  fall  of  21  feet  at  Gaines'  saw-mill.  About  300  yards  below  the  tail-race  is  a  second 
wing-dam  on  the  right  bank,  and  a  race  300  yards  long  gives  a  fall  of  20  feet  at  Hart's  grist-  and  saw-mill.  The 
width  of  the  river  is  about  400  feet  opposite  Hart's  dam,  and  200  feet  below  the  shoals.  The  total  fall  could  not 
be  used  at  Hart's  mill  without  a  very  expensive  canal  around  bluffs.  It  could,  however,  be  used  on  the  left  bank, 
this  side  being  much  more  fa-vorable.  The  most  convenient  location,  however,  is  on  the  left  bank,  just  below 
Gaines'  mill,  and  by  building  a  dam  where  Gaines'  wing-dam  is  now,  making  it  10  feet  high,  or  sufficient  to  back  up 
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over  a  shoal  about  oue-fourth  of  a  mile  above,  a  fall  of  35  feet  could  be  utilized  with  a  race  half  a  mile  long.  The 
bed  of  the  stream  is  solid  rock,  and  the  facilities  for  the  utilization  of  power  are,  in  all  respects,  excellent.  This  is 
one  of  the  best  powers  on  the  river.  It  is  to  be  mentioned  that  a  mile  below  the  foot  of  the  shoal  is  Eobertson'.s 
shoal,  with  a  fall  of  3  or  4  feet,  not  of  value  for  power. 

Three  or  four  miles  above  Ware's  is  Mattox's  mill,  9  miles  below  Honea  Path.  It  is  not  an  important  power, 
the  fall  being  said  to  be  only  4  or  5  feet.  The  next  important  power  is  Erwin's  mill,  a  few  miles  from  Honea  Path, 
and  at  the  lower  border  of  Abbeville  county.  The  river  is  divided  by  two  islands,  the  total  width  being  about  200 
yards.  Across  one  of  the  arms  is  a  dam  300  feet  long  and  3  feet  high,  giving,  with  a  race  150  feet  long,  a  fall  of  8 
feet,  capable  of  being  increased  to  10  feet,  it  is  said,  by  going  farther  down. 

Above  Erwin's  come  several  small  shoals-Harper's,  Kay's,  and  Gambrell's— not  of  much  consequence,  except 
Harpei-'s,  where  it  is  said  that,  a  fall  of  8  feet  could  be  obtained.  The  next  shoal  is  opposite  Belton,  used  by  Poore 
&  Cox's  mills,  with  a  fall  of  about  8  feet,  not  capable  of  being  increased,  and  not  of  importance  for  manufacturing. 
Some  distance  above  is  a  ledge  known  as  Hamilton  Ford  shoal,  with  a  fall  of  4  feet,  which  could  be  increased  to  10 
feet — a  good  location,  and  near  the  railroad. 

Half  a  mile  above  is  Holland's  Ford  shoal,  with  a  fall  of  7  feet  in  300  yards,  which  is  not  improved .  A  canal  200 
yards  long  would  be  necessary,  and  would  not  be  expensive.  It  is  one  and  a  quarter  miles  from  the  railroad,  and  the 
amount  of  water  is  about  the  same  as  at  Piedmont  (see  beyond).  A  dam  could  be  built  8  feet  high,  giving  a  fall 
of  16  feet.  Half  a  mile  farther  up  is  Blackburn  Island  shoal,  not  improved,  with  a  fall  of  6  feet  in  100  yards,  not 
capable  of  being  increased  to  above  10  feet  without  backing  over  the  shoals  above.  A  canal  would  be  difficult  to 
build  on  account  of  a  high  rock  bluff.  Three-fourths  of  a  mile  above  are  the  Tripp  shoals,  not  improved,  with  a  fall 
of  8  feet  in  300  yards,  capable  of  being  increased  to  16  feet  without  backing  up  to  more  than  within  5  feet  of  the 
faU  above.  The  shoal  is  of  soUd  rock,  and  a  canal  would  not  be  difficult.  The  place  is  a  favorable  one,  situated 
one  and  a  half  miles  from  Williamston,  on  the  railroad. 

One  mile  above,  at  Wilson's  ferry,  the  Pelzer  Manufacturing  Company  is  putting  up  a  cotton  factory.  The  dam 
is  of  granite,  in  cement,  250  feet  long  and  15  feet  high,  with  a  race  of  200  feet,  and  a  fall  used  of  21  feet  at  low 
water.  The  mill  is  building  for  13,000  spindles,  and  is  expected  to  be  in  operation  by  December  1,  1881.  The  site 
is  a  very  favorable  one,  one  and  a  half  miles  from  Williamston,  on  the  railroad,  and  half  a  mile  from  the  nearest 
raih'oad  point,  from  which  a  siding  is  to  be  run. 

Six  miles  above  is  the  factory  of  the  Piedmont  Manufacturing  Company,  but  between  this  and  the  Pelzer  mill 
is  the  Allen  shoal,  not  used,  with  a  natural  fall  of  14  feet  in  250  yards,  capable  of  being  increased  to  18  feet  without 
interfering  with  the  Piedmont  factory.  It  is  the  most  imposing  fall  on  this  part  of  the  river,  and  is  in  all  respects 
a  very  fine  site.     Bed  and  banks  are  favorable,  and  the  place  is  located  only  a  quarter  of  a  mile  from  the  railroad. 

The  Piedmont  factory,  one  of  the  most  important  cotton-mills  of  the  state,  is  2  miles  above  the  Allen  shoal. 
The  dam  is  of  wood  and  stone,  built  in  a  curve  on  a  solid  rock  foundation,  and  is  270  feet  long  and  7J  feet  high.  It 
was  first  built  in  1873,  and  raised  in  1879.  A  heatl-race  250  feet  long,  cut  through  stone,  gives  a  fall  of  16  feet  at 
fhe  wheel.  The  power  used  is  stated  at  500  horse-power,  which  it  is  said  can  be  obtained  during  eleven  mouths 
and  400  during  the  remaining  month.  In  addition  to  this,  about  20  horse-power  is  used  by  a  saw-  and  grist-mill 
with  a  fall  of  10  feet.  The  capacity  of  this  factory  is  at  present  being  increased,  and  it  is  intended  to  use  800 
horse-power,  which  it  is  expected  to  obtain  during  eleven  months,  and  700  the  other  month;  the  fall  is  at  the  same 
time  increased  to  20  feet  by  raising  the  dam  to  a  height  of  11 J  feet,  l^fo  steam-power  is  used.  It  is  to  be  remarked 
that  here,  as  well  as  at  all  the  other  sites  on  this  part  of  the  Saluda,  the  conformation  of  the  banks  is  such  that  large 
ponds  are  not  formed,  and  the  natural  flow  of  the  stream  is  all  that  can  be  utilized.  When  the  mills  are  not  running 
water  flows  over  the  dam. 

The  drainage  area  of  the  stream  above  Piedmont  was  measured  from  the  map  and  found  to  be  about  380 
square  miles.    The  rainfall  is  56  inches.    Eeasoning  by  analogj',  I  would  therefore  estimate  the  power  as  follows : 


state  of  flow  (see  pages  18  to  21). 


Minimam 

Hmimnm  low  season  . . . 
Maximum,  with  storage 
Low  season,  dry  years.. 


Drainage 

area. 


Sq.  miles. 


380 


Fall. 


Feet. 


20 


Flow  per 
Becond. 


Horee-power  available,  gross. 


1  foot  fall.   '  id  feet  fall. 

8.0  ,  160 

12.  0  ]  240 

48.  3  I  970 

14.2  I  284 


I  have  made  these  estimates  larger  than  those  for  Mountain  shoal  oa  the  Bnoree,  and  others  in  the 
neighborhood,  because  the  Saluda  extends  farther  into  the  mountains,  and  the  rainfall  is  greater.  I  have  even 
made  them  large  in  proportion  to  the  other  estimates  for  the  Saluda,  and  the  latter  estimates  may  be,  in  fact,  too 
small.* 


*  Since  the  above  was  written,  I  have  observed  that  in  the  statistics  of  cotton-niilla  for  the  state  of  South  Carolina,  according  to  the 
present  census,  the  power  used  at  the  Piedmont  factory  is  stated  at  320  horse-power. 
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According  to  the  above  table,  in  tlie  low  season  of  ordinary  years  about  350  horse-power  could  be  depended 
upon,  and  probably  800  to  1,000  during  nine  months.  The  Piedmont  factory  has  been  nominally  using  over  400 
horse-power  at  all  times.  I  incline  to  think  that  the  power  actually  used  is  hardly  so  large,  but  the  result  mast 
once  more  show  that  the  estimates  of  power  given,  although  as  accurate  as  I  am  able  to  make  them  with  the  data 
at  hand,  must  be  taken  as  approximations  only. 

Above  Piedmont  is  a  small  shoal,  where  there  was  once  a  grist-mill;  but  the  fall  is  only  4  or  5  feet,  and  it  is  of 
no  importance. 

The  next  is  the  Blasingame  shoal,  5  miles  from  Greenville.  It  is  said  to  have  considerable  fall,  but  to  be  hard  to 
develop. 

Harrison  shoal,  6  miles  from  Greenville,  which  has  never  been  used,  is  the  next.  It  is  said  to  have  a  small  fall, 
and  to  be  of  no  importance  for  manufacturing. 

The  last  shoal  on  the  main  stream  is  at  Farr's  mills,  also  6  miles  from  Greenville.  It  is  utilized  by  a  saw-  and 
grist-mill,  with  a  fall  of  7  feet,  using  only  20  or  30  horse-power  probably.  The  dam  is  of  wood  and  stone,  300  feet 
long  and  5  feet  high,  and  the  head-race  is  200  feet  long.    It  is  said  that  the  fall  could  be  increased  to  some  extent. 


Summary  of  power  on  the  Saluda  river. 


Distance 

&om 
mouth. 

Drainage 
area. 

Bainfall. 

Total  fall. 

Horse-power  araUable,  gross.  * 

UtUized. 

s 

11 
1 

Locality. 

1 

f 

1 

1 

1 

i 

1 

! 

1 

1 

i 

5 

it 

•a 
1 

1 
a 
1 

Bemarks. 

Miles. 

1.0 

2.5 

10.0 

14.0 

Sq.  miles. 
2,350 

2,350 
2,200 
2,200 

In. 
13 
13 
14 
14 

In. 
13 
13 
13 
14 

In. 
9 
9 
10 
10 

In. 
16 
16 
16 
16 

In. 
51 
51 
53 
54 

Feet. 

16 

34 

20 

17(!) 

5-6  (?) 

9(?) 

30(?) 

15(1) 

1,000 
2,100 
1,150 

1 

1,  275        3-  800 

1,500 
3,200 
1,750 

150 
150 

so- 
ls 

0 

so- 
so- 

Feet. 

16 

16^ 

3-9 

5 

0 

20 
10 
5- 

0 

Dam,  9  feet 

2. 5mae8. 
1  mile... 

2,700 
1,500 

8,100 
4,400 

K-elly's  shoal 

Heller's  ferry 

Gait's  ferry 

5 

11 

0 

0 

Small. 

0 
0 

5 

0 
0 
Small. 

Perkins'  ford 

5-10  (!) 

6 

55 

4-5 

8-10 

8-10  (?) 

8 

t4 

n 

t6 

ts 

21 

tl4 
20 

4-5 

65=fc 
69  ± 

635 

600 
623 

15 

14 

10 

16 

55 

1. 25  mUe 

800 
60± 
120  ± 

1,000 
75± 
150± 

4,000 
300  ± 
600  ± 

1,200 
90± 
175  ± 

Mattox's  mill 

i 

Erwin's  mill 

Harper's  shoal 

0   i        0 

1 

0 

0 
0 
0 
0 

(t) 

0 

(!) 

0 

0 

0 

20.^0 

0 
0 
0 
0 
tt) 

0 
20 

0 
0 

7 

0 
0 
0 
0 

(» 

0 
(!) 

0 
0 
0 

900  feet . 
300  feet . 
900  feet . 

Tripp  ahoal 

Pclzer      Mannfacturing 
Company. 

400 

400 
380 

15 

14 

10 

16 

65 

Dam   15  fAAt. 

600  feet . 

160 

240 

970 

284 

ing  Company. 

Blasin^'amo  shoal . 

275 

'Seepages  18  to  21. 


t  Without  dam. 


t  Not  yet  running. 


TRIBUTARIES   OP   THE   SALUDA  RIVER. 

Twelve-Mile  creek  is  the  first  stream  worth  mentioning  in  this  connection.  It  enters  the  Saluda  from  the  south 
a  few  miles  above  the  Saluda  factory,  and  drains  an  area  of  93  square  miles,  entirely  in  Lexington  county.  It  is  to 
some  extent  a  sand-hill  stream,  not  very  variable  in  flow,  and  it  is  utilized  for  a  number  of  saw-  and  grist-mills, 
with  falls  of  from  7  to  12  feet.  The  stream  is  said  by  those  acquainted  with  it  to  afford  near  its  mouth  about  5 
horse-power  per  foot  most  of  the  time.  It  flows  by  the  town  of  Lexington,  in  the  neighborhood  of  which  there  arc 
two  sites  not  utilized,  said  to  be  the  only  ones  of  any  importance  on  the  stream.  Close  by  the  town  is  a  grist-mill, 
with  a  fall  of  10  or  12  feet,  and  just  below  it  is  a  fall  of  about  14  feet  in  half  a  mile.  Just  above  the  mill  is  the 
site  of  the  old  Laurel  Fall  factory,  now  used  by  a  grist-mill,  which,  however,  only  utilizes  a  small  part  of  the  power. 
The  first  site  referred  to  is  a  good  one,  and  could  be  combined  with  the  one  occupied  by  the  mill,  giving  a  total  fall 

of  between  20  and  30  feet.    The  stream  here  is  not  over  half  as  large  as  it  is  at  its  mouth. 
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Little  Saluda  creek,  from  the  soxith,  Is  the  next  tributary  of  note.  It  drains  about  297  square  miles,  and  joins 
the  main  stream  at  Wise's  ferry.  Its  water-power,  however,  is  not  of  much  importance,  and  its  flow  is  quite 
variable.    There  are  a  few  small  grist-mills  on  the  stream  and  its  tributaries,  but  it  is  not  favorable  for  power. 

Bush  river,  which  rises  in  Laurens  county,  and  enters  the  Saluda  just  below  Perkins'  ford,  in  ISTewberry 
county,  drains  an  area  of  105  square  miles,  and  has  considerable  fall  and  some  sites  not  used,  but  the  powers  are 
all  small.     The  stream  is  quite  variable  in  flow,  aud  the  mills  have  to  stop  in  summer. 

Little  river,  which  rises  in  Laurens  county  and  flows  nearly  parallel  to  Bush  river,  drains  about  220  square 
miles,  but  is  sluggish,  and  has  no  power  of  importance. 

The  only  other  tributary  below  the  forks  worth  mentioning  is  Reedy  river,  which  rises  in  Greenville  county, 
flows  southeast  into  Laurens,  and  enters  the  Saluda  several  miles  below  the  Great  falls,  after  draining  an  area  of 
about  386  square  miles.  The  length  of  the  stream,  measured  in  a  straight  line,  is  about  50  miles,  and  it  receives 
one  tributary  worth  mentioning,  Eeaburn's  creek,  which  drains  105  square  miles.  The  river  flows  through  the 
town  of  Greenville,  and  offers  a  large  amount  of  power,  being  shoaly  for  its  entire  length.  The  map  shows  the 
form  and  dimensions  of  the  drainage-basin.  The  rainfall  is  about  53  inches  on  the  entire  basin:  15  in  spring,  13 
in  summer,  9  in  autumn,  and  16  in  winter.  The  fall  of  the  stream  is  considerable,  and  much  greater  than  that  of  the 
Saluda,  its  elevation  at  Greenville,  at  the  crossing  of  the  Air-line  railroad,  being  929  feet,  while  that  of  the  Saluda 
is  809  feet,  and  that  of  the  Enoree  842  feet,  at  the  points  where  the  same  road  crosses  them.  The  bed  of  the  stream 
is  rocky,  and  the  banks  in  some  places  high  and  rocky,  and  in  others  low  and  alluvial.  It  is  said  that  the  bottoms 
on  the  Reedy  river  are  more  extensive  than  on  the  Saluda  above  the  junction  of  the  two,  but  the  fall  of  the  stream 
is  so  rapid  that  they  are  not  often  overflowed.  The  stream  is  not  very  accessible  in  some  pai'ts,  the  nearest 
railroad  points  being  Greenville  and  Laurens,  as  will  be  seen  from  the  map. 

The  shoals  and  mills  on  the  streams  are  as  follows,  in  their  order  ascending : 

Washington's  mill,  grist  and  flour,  with  a  small  fall  of  4J  feet  or  so.  I  would  estimate  the  flow  and  power  of 
the  stream  at  its  mouth  as  in  the  following  table : 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season ?. 

Maximum,  with  storago 

Low  season,  dry  years 


Drainage 
area. 


8q,  miUs. 
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Flow  per 
second. 


Horse-power, 
gross. 


Per  foot. 

7.0 

9.4 

45.4 

U.O 


This  mill,  however,  is  probably  above  the  mouth  of  Reaburn's  creek,  which  enters  Reedy  river  about  3  miles 
above  its  mouth,  so  that  the  stream  is  considerably  smaller  than  at  its"  mouth. 

Next  comes  a  grist-mill  with  5^  feet  fall;  then  a  shoal  not  used,  said  to  have  a  fall  of  about  the  same  amount; 
then  Boyd's  shoal,  used  by  a  grist-  and  saw-mill  with  about  8  feet  fall;  then  a  long  shoal,  2  or  3  miles  long,  not 
improved,  said  to  be  a  good  site,  and  once  used  by  a  small  mill. 

Then  comes  Tumbling  shoal,  about  16  miles  from  the  mouth  of  the  stream,  12  miles  from  Laurens,  and  27  miles 
below  Greenville.  The  shoal  is  short,  and  the  fall  amounts  to  10  feet  in  75.  Here  is  a  grist-miU  using  a  fall  of  10  feet 
and  about  50  horse-power.  The  drainage  area  above  the  place  is  about  198  square  miles,  and  I  would  estimate  the 
gross  power  at  about  34  horse-power  (minimum),  45  horse-power  (minimum  low  season),  53  horse-power  (low  season, 
dry  years),  and  60  to  70  horse-power  during  the  low  season  of  ordinary  years.  There  is  little  storage  during  the 
night.    The  present  mill  uses  all  the  power  in  dry  seasons. 

The  next  shoal  is  Cedar  falls,  though  below  it  there  used  to  be  a  tannery  and  grist-mill  using  a  small  fall.  The 
fall  at  Cedar  falls  was  stated  at  about  20  feet,  of  which  14  or  16  feet  are  used  by  a  grist-  and  saw-mill  and  a  cotton 
factory.  The  power  used  I  do  not  know.  There  is  no  dam  at  all,  and  the  mills  are  on  both  sides  of  the  stream. 
The  drainage  area  above  this  place  is  aboat  150  square  miles. 

One  mile  above  it  is  Fork  shoal,  at  the  mouth  of  Reedy  Fork  creek,  and  about  16  miles  from  Greenville.  There 
is  a  dam  across  both  streams ;  that  across  the  creek  is  110  feet  by  3,  ponds  over  10  acres,  and  at  one  end  of  it  is 
situated  the  cotton-mill,  using  20  feet  fall  and  40  horse-power,  which  can  be  obtained  during  about  ten  months, 
there  being  no  waste  in  summer,  except  at  night ;  that  across  the  river  is  125  feet  by  2,  aud  at  one  end  of  it  is  the 
giist-mill,  with  a  fall  of  7  feet,  and  using  about  25  horse-power.  The  drainage  area  above  this  shoal  is  about  140 
square  miles. 

It  will  be  sufficient  to  mention  simply  the  other  shoals  and  mills,  with  one  or  two  exceptions : 

Harrison's  grist-mill,  about  10  feet  fall. 

Houff's  mill  (grist  and  saw),  10  feet  fall. 

Log  shoal,  14  feet  fall,  with  a  2-foot  dam ;  used  by  a  saw-  and  grist-mill. 

Ashmore's  grist-mill,  10  feet  fall. 

Linderman  shoal,  not  used ;  small  fall.  ^gj^ 
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Reedy  Eiver  Manufacturing  Company,  one  and  a  half  miles  above.  The  dam  is  of  wood,  225  by  5  feet,  the  fall 
22  feet,  and  125  horse-power  is  used  during  ten  months  and  100  horse-power  the  rest  of  the  time.  The  drainage  area 
is  87  square  miles,  and  I  would  therefore  estimate  the  power  at  about  the  same  as  on  the  Enoree  at  Pelham  (see 
page  111). 

Jones'  paper-mill  and  sawmill,  llj  feet  fall ;  50  horse-power  during  twelve  months. 

Parkins'  grist-mill,  11  feet  fall ;  said  to  be  capable  of  increase  by  raising  the  dam. 

Greene  shoal,  not  used ;  very  small — valueless. 

Saw-mill  shoal,  not  used ;  8  or  9  feet  fall. 

Camperdown  mills,  at  Greenville.  The  fall  here  is  the  most  imjjortant  on  the  stream,  amounting  to  64  feet  in 
600  yards,  over  a  layer  of  gneiss-rock.  The  fall  is  used  in  two  parts.  The  upper  part  is  used  on  the  left  bank  by 
Camperdown  mill  No.  2,  and  on  the  right  bank  by  a  machine-shop  and  box-factory,  both  using  a  fall  of  32  feet. 
The  dam  is  of  timber  bolted  to  the  rock,  60  feet  long  and  3  feet  high,  making  scarcely  any  pond;  the  race  is  325 
feet  long,  and  the  power  used  about  245  horse-power,  which,  however,  can  only  be  obtained  for  six  months  of  the 
year.  The  factory  uses  225  horse-power.  The  lower  fall  of  32  feet  is  used  on  the  right  bank  bj"  the  Camperdown 
mill  No.  1,  with  a  triangular  wooden  frame  dam  105  feet  long  and  14  feet  high,  bolted  to  the  rock  and  planked  over, 
and  built  in  1875  at  a  cost  of  $1,000.  It  ponds  the  water  up  to  the  tail-race  of  the  upper  factory,  about  300  yards, 
and  the  head-race  is  165  feet  long.  The  power  used  is  160  horse-power,  which  can  be  obtained  nine  months  of  the 
year.  This  mill  uses  steam-power  in  dry  seasons  to  the  extent  of  160  horse-power,  while  the  upper  mill  uses  up  to 
200  horse-power  steam,  the  machine-shop  using  none. 

Just  above  the  upper  mill  is  Cox  &  Markley's  carriage  factory,  using  about  12  horse-power,  with  a  fall  of  8  feet 
and  a  4-foot  dam,  and  utilizing  all  the  water  during  the  day-time  in  dry  weather.  The  ponds  are  not  large  enough 
to  store  the  water  during  the  night,  but  just  above  the  railroad  crossing  in  Greenville  there  is  said  to  be  a  good  site 
for  a  storage-reservoir,  where  a  14-foot  dam  would  flow  800  to  1,000  acres,  allowing  the  power  at  the  mills  below  to 
be  increased  to  a  considerable  extent. 

The  drainage  area  of  the  stream  above  Greenville  is  only  44  square  miles,  and  there  are  no  falls  above.  It  is 
evident  that  for  such  a  small  stream  the  Eeedy  river  offers  a  large  amount  of  power,  which  is  well  utilized.  There 
are  shoals  on  some  of  its  tributaries,  but  the  powers  are  small.  Laurel  creek,  which  comes  in  above  Ashmore's,  has 
a  shoal  not  used ;  and  Eeabum's  creek,  a  large  stream,  has  one  good  shoal  about  nine  miles  from  Laurens,  with  a  fall 
of  26  feet  over  a  solid  rock  ledge,  used  by  Goodgion's  grist-  and  saw-mills.  Less  than  a  mile  above,  on  the  same 
stream,  is  the  old  Fuller  factory-site,  now  used  by  a  saw-  and  grist- mill,  with  a  fall  5f  14  feet. 

It  remains  to  say  a  few  words  about  the  three  forks  of  the  Saluda. 

The  North  fork  drains  an  area  of  about  56  square  miles,  and  is  a  mountain  stream,  like  the  north  fork  of  the 
Pacolett,  with  a  rapid  fall,  but  small  volume  of  water.  It  has  at  one  place  a  perpendicular  fall,  over  a  gneiss  ledge, 
of  between  200  and  300  feet,  and  at  another  place  a  similar  fall  not  (Juite  so  high.  The  stream  unites  with  the 
Middle  fork,  which  drains  66  square  miles,  and  below  the  junction,  about  13  miles  from  Greenville,  there  is  one 
grist-mill,  with  a  fall  of  9  feet  over  a  rock  shoal.  A  mile  below  is  a  shoal  not  used,  with  12  feet  fall ;  and  there  are 
doubtless  numerous  other  places  where  power  could  be  obtained.  On  the  Middle  fork  itself  there  is  one  grist-mill, 
16  miles  from  Greenville,  with  a  fall  of  18  feet,  which  could  probably  be  increased  by  raising  the  dam.  It  is  said 
to  be  an  excellent  small  power.  The  dam  is  5  feet  high,  200  feet  long,  and  the  head-race  is  of  the  same  length.  The 
mill  is  not  in  use  at  present,  and  the  dam  is  out  of  repair.  This  site  is  situated  about  a  mile  above  the  junction  of 
the  two  forks. 

The  South  fork  has  a  very  rapid  fall,  and  numerous  shoals  which  might  be  utilized,  but  with  small  volume  of 
water  and  inaccessible  locations.  All  the  headwaters  abound  in  cataracts  and  precipitous  falls,  many  of  several 
hundred  feet  almost  vertical.    The  drainage  area  of  this  fork  is  78  square  miles  or  thereabout. 

Finally,  the  large  amount  of  space  which  it  has  been  necessary  to  devote  to  the  Santee  river  and  its  tributaries 
shows  that  the  drainage-basin  abounds  in  the  finest  kind  of  water-powers.  It  would  be  difficult  to  select  another 
stream  of  equal  drainage  area  which  can  offer  so  large  a  number  of  excellent  powers,  from  the  smallest  to  the 
largest.  From  the  great  falls  of  the  Catawba,  with  a  fall  of  173  feet,  to  the  numberless  fine  small  powers  on  the 
smaller  streams  in  western  South  Carolina,  the  range  is  large,  aud  offers  powers  of  all  scales  of  magnitude;  and  as 
the  manufacturing  interest  in  the  South  develops,  there  is  no  doubt  that  many  of  the  fine  powers  now  lying  idle  will 
be  turned  to  account.  Hand  in  hand  with  this  development  will  go  the  construction  of  railroads,  until  the  southern 
streams  become,  like  many  of  the  northern  ones,  a  succession  of  mill-ponds,  with  all  kinds  of  manufactures  on 
their  banks,  and  the  country  becomes  threaded  with  a  network  of  railroads  and  studded  with  factory  villages. 
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Table  of  utilized  power  on  the  Santee  river  and  tributaries. 


Name  of  stream. 


Santee 

Tribotariea  below  forks. 
Vateree  (Catawba) 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  to 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sonth  fork  Catawba.  .. . 

Do 

Do 

Do 

Do : 

Do 

Do 

Do 

Do 

Tributaries  to 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what 


Atlantic 

Santee 

...do 

..do 

...do 

...do 

...do  

...do 

...do  

...do  

...do 

...do  

...do  

...do  

...do  

...do  

...do 

...do 

...do  

...do  

■Wateree 

...do  

...do  

...do 

...do 

Catawba 

...do  

...do  

...do  

...do 

...  do 

...do 

...do 

...do 

...do 

...do 

...do 

....do  

...do 

...do  

....do 

....do 

...do  

Sontb  fork  Catawba. 

...do  

...do 

...do  

...do 

...  do  

...do  

....do 

...do    

....do  

....do  

Catawba 

....do 

....do  

...do  

....do 

....do  

...do 

...do 

....do 

....do  

...do 

....do 


State. 


County. 


South  Carolina... 

do 

do 

do 

do 

do 

Korth  Carolina... 

do 

do 

do 

do 

do 

do 

do 

dp 

do 

do 

do 

do 

do 

South  Carolina. . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

North  Carolina. 

do 

do 

do 

do 

do 

do 

do 

do 

do.. 

do 

do 

do 

do 

do 

do.... 

do 

do 

do 

do 

do 


.do. 
.do  . 
.do  . 
.do. 
.do. 
.do. 
.do. 
.do. 
.do  . 
.do. 
.do. 
.do. 
.do. 


Kershaw 

Chester 

Lancaster  — 

York 

Mecklenburg. 

Gaston 

...do 

...do 

Iredell 

...do 

Catawba 

...do  

Alexander 

Caldwell 

..  do 

...do 

Burke  

McDowell 

Sumter 

....do 

Kershaw 

....do  

rairfleld 

Chester 

...do  

...do 

Lancaster 

York 

....do 

....do 

Mecklenburg. 

....do 

Gaston 

...do 

....do 

Lincoln 

....do  

....do  

...do 

Catawba 

....do 

Gaston 

...do 

Lincoln 

...do 

...  do 

...  do 

...do  

Catawba 

....do  

....do  

....do 

Gaston 

....do  

....do  

....do 

Lincoln 

....do  

....do  

....do  

Catawba 

.  .  do 

...do  

...Ao 


KindofmUl. 


Flour  and  grist . 

...do 

...do 

...do 

...do 

...do 

Saw 

Cotton  factory . . 
Flour  and  grist . 

Saw 

Flour  and  grist . 
Cotton  factory . . 
Flour  and  grist . 
...do 


Carriage  and  wagon  factory  — 

Saw 

Flour  and  grist 

...do 

Saw 

Flour  and  grist '■ 

Saw • 

Flour  and  grist 

...do  

Saw 

Cotton  factory 

Flour  and  grist 

...  do  

Saw 

Cotton-gin 

Flour  and  grist 

Saw 

Cotton  factory 

Flour  and  grist 

Saw 

Paper - 

Chair  factory 

Flour  and  grist 

Cotton  factory 

Flour  and  grist 

Saw 

Flour  and  grist , 

Saw 

Flour  and  grist 

Saw 

Cotton.gin 

Leather  works 

Millwrighting 

Flour  and  grist 

"Woolen 

Iron  casting,  etc ■ 

Blomarles  and  forges 

Cotton  factory ■ 

Flour  and  grist 

Saw 

Cotton-gin 

Flour  and  grist 

Saw 

Blomaries  and  forges 

■Woolen 

Flour  and  grist 

Saw 

Blomaries  and  forges 

Miscellaneous 


0 

0 

1 

1 

1 

4 

3 

2 

1 

1 

1 

2 

1 

2 

1 

1 

2 

1 

3 

2 

8 

2 

12 

3 

2 
9 
1 
2 
5 

U 
6 
1 
.14 
8 
5 
5 
2 
2 
1 
2 
1 
3 
3 
8 
4 
8 
3 
6 
3 
1 
4 
1 
1 
1 
1 
3 
2 
1 
6 
4 
1 
1 
7 
3 
1 
3 


Feet. 
0.0 
0.0 
7.0 

18.0 
4.0 

30.0 

11.0 

19.0 
9.0 

22.0 

15.0 

32.0 
6.0 

12.5 
3.0 
9.0 

21.0 
9.0 

39.0 

23.0 

45-1- 
13.0 
89+ 
29.0 
33.0 

116+ 
18.0 
39:5 
40+ 

189.5 
06.0 
16.0 

194.0 

114.0 
64.0 
61.0 
17.0 
21.0 
8.0 
10.0 
6.5 
53.0 
30.0  j 

128.  0  ' 
68.0  I 

131.  5  ! 
32.0 
48.0 
52.0 
18.0 
60.0 
8.0 
10.0 


8.0 
40.0 
28.0 
20.0 
71.5 
36.0 
13.0 


125.0 
34.0 
12.0 
45.0 
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Table  of  utilized  poicer  on  the  Santee  river  and  tributaries — Continued. 


Kame  of  stream. 


Tributary  to  what. 


State. 


County. 


Kind  of  mill. 


Tributaries  to  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Congaree 

Do 

Tributaries  of. . 

Do 

Do 

Do 

Do 

Do 

Broad  river 

Do '. 

Do 

Do 

Do 

Do 

Do 

Do., 

Enoree  river... 

Do 

Do 

Do 

Bo.' 

Do 

Do 

Do 

Do 

Do 

Tributaries  of . 

Do 

Do 

Do 

Do 

Tiger  river 

Do 

Do 

Tributaries  of . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Paoolett  river. . 

Do 

Do 

Do 

Do 

Do 

Tributaries  of. . 

Do 

Do 

Do 

Do 

Do 

Do 


Catawba. . 

....do  

..-.do 

....do  

...do 

....do 

....do  

...do 

....do  

....do 

....do  

Santee — 

....do  

Congaree. 

...do  

....do  

...do 

....do  

....do 

....do  

....do  

....do  

....do  

...do 

....do  

...do 

...do 

Broad 

...do 

.-.do 

...do  

...do  

--.do  

.-.do 

...do 

...do 

...do 

Enoree  ... 

--.do 

-..do 

--.do 

...do  

Broad 

...do 

-..do 

Tiger  

...do  

...do  

...do 

...do  

...do  

...do 

...do 

Broad 

...do 

.-do 

...do 

--.do 

...do 

Paoolett .  - 

-..do  

...do  

...do 

...do 

...do  

...do  


North  Carolina  . 
do 


do 

do 

do 

do  ........ 

do 

...-  do  

do 

, do 

do 

South  Carolina., 

----  do  

do 

do 

do 


do 

do 

, do 

do 

do 

do 

do 

do 

North  Carolina- . 

:-.--do  

do 

South  Carolina.  - 
do 


do  . 

do. 
-do  . 

do  . 
-do  . 
-do. 
.do  . 
.do- 
-do. 
.do  - 
.do  . 
.do  . 
-do  - 
-do. 
.do  . 
.do  . 
.do. 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
•  do  . 

do  . 
.do  . 
.do. 
.do  . 
.do  . 
.do  . 
-do  . 
.do  . 

do  . 
.do 
.do  . 
.do  . 
.do  . 
.do  . 


Alexander 

.-..do 

...  do 

Caldwell 

....do  

...do 

Burke 

...  do  

...do  

McDowell 

....do 

Richland 

.--.do 

.--.do 

.-..do 

Lexington 

.--.do    

do 

.--.do 

...  do  

...do 

Fairfield 

Chester 

Union 

Cleaveland. .-- 

Rutherford 

.-..do 

Newberry 

Union 

Spartanbnrgh. 

Laurens 

...do 

Greenville 

--.do 

--.do 

--do 

--  do 

Newberry 

Laurens 

Greenville 

...do 

...do  ....' 

Spartanbnrgh.. 
...do 


...do 

...do 

...do 

...do 

...do , 

Union 

...do , 

Greenville 

...do  

Union 

...do 

Spartanburgh. 

...do 

--.do 

...do 

...do 

.-.do 

-.  do 

--.do 

---do 

-..do 

Greenville 
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*  Being  built. 


Flour  and  grist . 

Saw 

Cotton  factory.. 
Floui'  and  grist . 

Saw 

Woolen 

Flour  and  grist.. 

Saw 

"Woolen 

Flour  and  grist.. 

Woolen 

Flour  and  grist  - 

Water,  works 

Flour  and  grist.. 

Saw 

Flour  and  grist-. 

Saw 

Cotton-gin 

Cotton  factory. - 
Flour  and  grist.. 

Saw 

Flour  and  grist.. 

.--.do 

...  do 

--  do 

-..do 

Saw 

Flour  and  grist  . 

--.do 

...do    

...do 

Saw 

Cotton-gin 

Saw 

Flonr  and  grist  - 
Cotton  factory .  - 

Woolen 

Flour  and  grist . 

...do 

...do    

Cotton-gin 

Cotton  factory.  - 
Flour  and  grist . 

Saw 

Cotton-gin 

.-.do 

Flour  and  grist  - 

Saw 

Cotton  factory . . 
Flour  and  grist . 

Saw 

Flour  and  grist  . 

-..do 

Flour  and  grist . 

Saw 

Flour  and  grist . 

Saw 

Cotton  factory*. 

Woolen 

Flour  and  grist . 

Saw 

Cotton-gin 

Leather 

Cotton  factory . . 

Woolen 

Flonr  and  grist . 


Feet. 

115.0 
58.0 
12.0 

250.0 

104.0 
6.0 

213-1- 
60-1- 
16  0 

133.0 

16+ 
21.0 
12.0 
77.0 
32  0 
41.0 
52.0 

4.0 
12.0 
23.0 
10.0 
15.0 

8.0 

25.0 

16.0 

,38.0 

20.0 

4.5 

3.0 
40.0 
78.0 
25.0 
21.0 
20.0 
79.0 
18.0 
15.0  I 

9.0 

03.6 

123,0 

106.0 

48.0 

80.0 

9.0 
69.0 
70.0 
294.0 
105.0 
17.0 
58.0 

0.0 
25.0 
95.0 
16.0 

4.0 
)0.  0 
18,0 


11.0 

136.0 

133.0 

75.0 

18.0 


20+ 
33.0 


153 

C2 
20 

157 
155 


255 

55 

28 

92 

20 

70 

40 

77 

35 

67 

55 

10 

40 

70 

10 

30 

15 

40 

22 

24 

15 

15 
8 

42 
123 

30 

11 

20 

67 

60 
8 

16 

56 

70 

50 

48 

73 

18 

32 

38 
198 

74 

35 

24 
8 

18 

80 

28 

10 

15 

44  ' 


4 
165 
145 
60 
10 
280 
20 
28 
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'  Name  of  stream. 


Tributary  to  wliat. 


State. 


County. 


Kind  of  mill. 


other  tributaries  of. . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Saluda 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do ... 

Do 

Eeedy  river 

Do 

Do 

Do 

Do 

Do 

Do 

Eeedy  and  tributaries  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of 

Do 


Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do. 
Do. 
Do. 
Vo. 
Do. 


Broad 

...do 

...do 

...do  

...do  

...do 

...do 

...do 

..  do 

...do.... 

...do  

...do 

...do 

...do 

...do  

....do  

...do  

....do  

...do 

...do  

...do 

Congaree  . 

...do 

...do 

...do..:.- 

...do 

...do 

...do 

...do 

...do 

.....do 

...do 

Saluda  ... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

...do 

Eeedy  — 

....do  

....do  

Saluda  — 

....do 

.-..do  ...- 

....do  

....do 

...  do.... 

....do  

....do 

....do.... 
....do.... 
....do.... 
....do.... 
....do.... 

...do.... 
...  do..-. 
...do.... 


South  Carolina.. 

do 

do 

do 

do 

do 

do 

do 

ITorth  Carolina  . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

South  Carolina. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

...do 

...do 

...do  

...do 

...do  

...do 

.-.do 

...do  

...do 

...do 

...do 

...do  

...do 

...do  

...do    

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do 

...do  

...do  

...do 

...do  

...do 

...do 


Lexington  . . 
dewberry  .. 

Union 

Fairfield.... 

...do 

Chester 

York 

...do 

Cleaveland.. 

...do 

...do  

...do 

...do  

Polls 

...do 

Eutherford  . 

...do  

....do 

...  do  

...do 

McDowell  . . 
Lexington . . 

..  do 

G-reenviUe  . . 

...do 

Edgefield  . . . 
Abbeville... 

...do  

Anderson  .. 

...do  

Picliens 

...do 

Laurens  — 

...do 

Greenville . . 

....do  

....do 

...do 

....do 

....do  

....do  

...  do  

...do 

....do  

...  do 

....do  

...do  

Laurens  . . . 

....do 

....do  

Lexington . 

....do 

...do  

Newberry  . 

..-.do  

....do  

Laurens  .  - . 

Greenville . 

Edgefield  .  - 

Abbeville-. 

Anderson. . 
.-..do  

Pickens 

....do  

....do 

....do 


Flour  and  grist . . 

...do 

--.do 

...do  

Saw 

Flour  and  grist .. 

...do 

Saw 

Flour  and  grist  . . 

Saw 

Cotton-gin 

Paper 

Cotton  factory  . . . 
Flour  and  grist . . 

Saw 

Flour  and  grist . . 

Saw 

"Woolen : 

Leather 

Cotton-gin 

Flour  and  grist  - . 

.--.do  

Cotton  factory .  - . 
Flour  and  grist . . 
Cotton  factory. -- 
Flour  and  grist . . 
....do  

Saw 

Flour  and  grist  . . 

Saw 

Flour  and  grist . . 

Cotton-gin 

Flour  and  grist . . 

Saw 

Cotton  factory .  - 

Wagon  factory  . . 

Box  factory 

Blacksmithing.. 

Paper 

Flour  and  grist . 

Cotton  factory . . 

"Woolen 

Saw 

Cotton-gin 

Leather 

Saw 

Cotton-gin 

Flour  and  grist  - 

Saw 

"Woolen 

Flour  and  grist . 

Saw 

Brick  and  tile... 

Flour  and  grist . 

Saw 

Cotton-gin, 

Flour  and  grist . 

...do 

....do  

....do  

....do  

Saw 

Flour  and  grist . 

Saw 

Cotton-gin 

"Woolen 


2 
1 
5 
2 
1 
3 

14 
3 

16 

10 
1 
1 
2 
1 
1 

18 
4 
1 
1 
1 
4 
5 
1 
4 
1 
3 
5 
1 
2 
1 
1 
1 
7 


Feet. 
12+ 
18.0 
60.0 
19.0 
11.0 
79.0 

207.0 


240.0 
179.0 

16.0 
23.0 
23.0 
22.0 
254.0 


12.0 
50.0 
12.0 
51.0 
21.0 
16.0 
48.0 
20.0 
7+ 
42.0 


9.0 

8.0 

6.0 

79.0 


2 

18.0 

3 

86.0 

1 

6.5 

1 

32.0 

1 

6.0 

1 

1L5 

20 

359.0 

1 

20.0 

1 

26.0 

4 

6L0 

3 

56.0 

1 

14.0 

8 

214.0 

6 

60.0 

3 

57.0 

2 

34.0 

1 

26.0 

6 

39.0 

4 

30.0 

1 

8.0 

8 

81.0 

1 

8.0 

4 

25.0 

3 

39.0 

6 

5 

25-f 

2 

44.0 

4 

55.0 

2 

27.0 

11 

200.0 

5 

75.0 

10 

190.0 

2 

26.0 

25 
11 
79' 
16 

25 

75-' 
204 

49' 
220 
147 

75 

70 

35 

34 
27T 

45. 
4 

40 

20 

51 

62-. 
15^ 

62 
800  t 

34 
169 

10 

42 
» 

1& 

10- 
136 

35 

& 

2ft 


24» 

40- 

5S 

75- 

6- 

IIJ 

31 

la- 

19^ 
8; 

51 

70>- 

S- 

ir 

15. 
24. 
45- 
60< 
80» 
2ft- 
5» 
1» 
02r 

n 

100" 
2& 


1012  W  P— yOL  16 50 
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VIII.— THE  EDISTO  RIVER  AND  TRIBUTARIES. 


THE  EDISTO  EIVEE. 

The  streams  flowing  into  the  Atlantic  between  the  Santee  and  the  Savannah  are,  in  general,  valueless  as  sources 
of  water-power,  only  one  of  them,  the  Edisto  river,  being  worthy  of  mention.  They  rise  for  the  most  part  below 
the  fall-line,  flow  through  a  low  and  swampy  country,  and  are  entirely  without  power,  except  on  some  of  their  small 
upper  branches,  which  belong  to  the  class  of  sand-hill  streams.  The  Edisto  river,  however,  rises  farther  inland 
than  the  others  (both  of  its  forks  having  their  sources  in  Edgefield  county,  above  the  fall-line),  and  some  of  its 
branches  are  worthy  of  mention.  Although  these  streams  cross  the  fall-line,  there  are  no  falls  of  importance  on 
them  so  far  as  I  could  learn,  or,  if  there  are,  they  occur  where  the  streams  are  very  small.  The  greater  part  of  the 
course  of  the  Edisto  lies  in  a  swampy  country,  and  has  no  water-power;  but  on  the  north  fork  and  its  tributaries, 
and  especially  on  the  south  fork  and  one  of  its  branches  (Shaw's  creek),  there  is  considerable  available  power. 
Shaw's  creek  belongs  to  the  class  of  sand-hill  streams,  and  drains  an  area  of  about  119  square  miles,  uniting  with 
Eocky  creek,  which  drains  an  area  of  195  square  miles,  to  form  the  south  fork  of  the  Edisto.  My  information 
regarding  these  streams  is  necessarily  very  meager.  They  are  utilized  to  some  extent  by  saw-  and  grist-mills,  and 
could  doubtless  be  made  to  afford  considerable  power,  their  flow  being  probably  from  one-half  to  one  cubic  foot  per 
second  per  square  mile,  with  facilities,  generally,  for  storing  the  water  during  the  night.  Shaw's  creek  Las  been 
used  in  half  a  dozen  places,  and  it  has  been  considered  a  better  and  larger  stream  than  Horse  creek,  described 
further  on.    It  is  said  to  be  even  more  constant  than  Horse  creek,  but  its  fall  is  probably  less. 

These  streams  are  no  doubt  worthy  of  attention  as  regards  power,  although  I  can  give  no  information  regarding 
particular  sites. 

Table  of  power  utilized  on  the  Edisto  river  and  tributaries. 


stream. 


Tributary  to  what 


state. 


County. 


Kind  of  mill. 


is 


Tributary  to. 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Edisto. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 


South  CaroUna. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

.....do 

do 


Barnwell 

....do 

....do 

Orangehnrgh  . 

....do  

....do  

Ajlcen 

....do 

....do 

....do  

Edgefield 

Lexington 

....do 


Saw 

Floni  and  griat 

Cotton-gin 

Flonrand  grist 

Saw 

Cotton.gin 

Flonr  and  grist 

Stone  and  earthen  ware . 

Saw 

Cotton-gin 

Flour  and  grist , 

do 

Saw 


Fut. 
20.0 

18.0 

30.0 

81.5 

97.0 

61-f- 

145. 0 
8.0 

152-1- 
14+ 
20.0 
46.0 
81.5 


28 
16 
21 
86" 

112 
42 

209 
40 

325 
21 
31 
56 

13» 


IX.— THE  SAVANNAH  RIVER  AND  TRIBUTARIES. 


THE  SAVANNAH  EIVEE. 


The  Savannah  river,  which  constitutes  for  its  entire  length  the  boundary -line  between  the  states  of  South  Carolina 
and  Georgia,  is  formed  by  the  union  of  the  Tugaloo  and  the  Seneca  rivers,  both  of  which  streams  rise  in  the  Blue 
Eidge,  in  the  southern  part  of  North  Carolina,  uniting  on  the  line  between  Anderson  county,  South  Carolina,  and 
Hart  county,  Georgia.  The  Savannah  pursues  a  nearly  f-traight  course  to  the  ocean  in  a  southeasterly  direction, 
its  length  being  about  180  miles  in  a  straight  line,  and  about  355  miles  by  the  course  of  the  river.  The  upper  part 
of  the  stream  is  more  nearly  straight  than  the  lower,  the  distance  between  Augusta  and  the  head  of  the  river  being 
about  85  miles  in  a  straight  line  and  107J  by  the  river.  The  stream  crosses  the  fall-line  at  Augusta,  which  is  the 
only  important  town  on  the  river,  and  the  head  of  steamboat  navigation. 
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As  will  be  seen  from  the  map,  the  drainage-basin  of  the  river  is  long  and  narrow.  Its  total  area  is  between 
ten  and  eleven  thousand  square  miles,  the  maps  differing  to  such  a  degree  that  it  is  impossible  to  determine  it 
accurately.  That  part  above  the  fall-line,  or  the  head  of  the  Augusta  canal,  measures  about  6,850  square  miles- 
Below  that  point  the  only  water-power  in  the  basin  is  on  some  tributary  creeks,  some  of  which  are  true  sand-hill 
streams.  Above  Augusta  there  is  considerable  power  on  the  river  itself  and  on  its  principal  tributaries,  viz: 
Broad,  Little,  and  Eooky  rivers  (the  last  two  from  South  Carolina),  which  drain  respectively  1,500,  530,  and  240 
square  miles,  as  well  as  on  the  Tugaloo  and  Seneca,  which  drain  respectively  870  and  908  square  miles.  Of  the  107J 
miles  between  Augusta  and  the  head  of  the  river  28J  miles  are  occupied  by  shoals.  The  general  character  of  the 
drainage-basin  is  the  same  as  that  of  the  Santee,  Congaree,  and  Broad  rivers.  The  rainfall  is  about  50  inches, 
distributed  as  follows:  spring,  13;  summer,  13;  autumn,  10;  winter,  14.  It  varies  from  44  inches  and  less  below 
Augusta  to  56  iuches  and  over  in  the  mountains.  The  table  on  page  131  gives  better  data  regarding  the  variation 
in  different  parts  of  the  basin.  The  stream  is  subject  to  heavy  freshets,  due  to  the  melting  of  snows  in  the  mountains 
and  to  heavy  falls  of  rain.  The  average  rise  in  freshets  is  about  10  feet,  but  sometimes  this  is  greatly  exceeded.  In 
August,  1852,  the  stream  rose  44  feet  in  48  hours  at  Petersburg  (about  59  miles  above  Augusta),  and  in  1875  it  rose 
at  the  same  place  38  feet  in  36  hours.  At  Augusta  it  has  been  known  to  rise  about  40  feet,  inundating  the  streets 
to  a  depth  of  4  feet  or  more.  Freshets  occur  most  frequently  during  May  and  August.  They  subside  much  less 
rapidly  than  they  rise.  Below  Augusta  the  rise  is  smaller  as  the  ocean  is  approached,  being  18  feet  at  a  point  133 
miles  lower  down,  and  5  feet  at  a  point  15  miles  above  Savannah. 

The  bed  of  the  stream  above  the  fall-line,  like  that  of  the  other  streams  we  have  described,  is  rock,  sometimes 
overlaid  with  clay,  gravel,  and  sand.    The  fall  of  th6  stream  is  shown  by  the  following  table: 

Table  of  declivity  of  the  Savannah  river. 


Place. 


Uonth 

Steel  cieek... 
Haynea'  cut. . 
Silver  bluff... 

Augusta 

AndersouTllle 


Distance  from 
mouth. 


■| 


MUes. 


0.0 
170.0 
203.0 
230.0 
248.0 
355.5 


Elevation 
above  tide. 


Feet. 


78.9 
108.0 
130.4 
400.0 


Distance    be- 
tween points. 


MiUi. 


170.0 
33.0 
27.0 
18.0 

107.5 


Fall  between 
points. 


Feet. 


10.3 

29.1 

22.4 

270.0 


Tall  between 
points. 


Feet  per  mile. 

-  0.40 

-  0.31 

-  1.08 
.  1. 24 

-    -    -    -  2. 61 


'So  gaugings  of  the  stream  of  any  value  could  be  obtained. 

The  principal  productions  of  the  drainage-basin  are  corn  and  cotton,  with  some  tobacco.  The  country  is  well 
timbered,  and  there  are  several  gold  and  iron  mines  near  the  river.  The  map  will  show  that  the  stream  is  not  very 
accessible,  the  nearest  raili'oad  points  above  Augusta  being  Washington,  Elberton,  Hartwell,  and  Anderson,  their 
distances  from  the  river  varying  from  6  to  25  miles.  The  Savannah  Valley  railroad,  now  being  constructed,  will 
run  from  Augusta  up  the  river  for  15  miles  on  the  Georgia  side,  then,  crossing  and  running  within  8  miles  of  the 
stream  for  25  miles  in  South  Carolina,  to  Greenwood,  on  the  Greenville  and  Columbia  railroad. 

The  Savannah  river  has  been  examined  by  United  States  engineers  under  the  direction  of  General  Q.  A. 
GiUmore,  whose  report  is  to  be  found  in  the  Annual  Report  of  the  Chief  of  Engineers  for  1879,  page  747,  and  from 
which  most  of  the  following  information  regarding  the  shoals  on  the  river  has  been  obtained.  A  reconnoisance  of 
the  river  above  Augusta  was  also  made  in  1874  by  W.  W.  Thomas,  civil  engineer,  for  the  city  of  Augusta. 

Water-powers. — The  first  power  met  with  in  ascending  the  stream  is  at  Augusta,  Georgia,  at  which  city  we  find 
one  of  the  largest  and  most  important  utilized  powers  in  the  South,  supplied  from  a  canal  7  miles  long,  at  the  head 
of  which  is  a  dam  entirely  across  the  river.  Before  giving  its  technical  features,  a  few  points  regarding  the  history 
of  the  development  of  this  power  will  be  interesting.  The  canal  was  commenced  in  1845  and  completed  in  1847, 
under  the  direction  of  the  board  of  commissioners  appointed  by  the  city  "  for  the  purpose  of  constructing  a  canal 
from  a  point  on  the  Savannah  river  about  seven  miles  above  to  the  city  of  Augusta  for  manufacturing 
purposes,  and  for  the  better  securing  of  an  abundant  supply  of  water  to  the  city".  Its  original  dimensions  were  as 
follows :  width  at  surface,  40  feet ;  at  bottom,  20  feet ;  depth,  5  feet.  It  was  soon  found,  however,  that  these 
dimensions  were  too  small  to  supply  the  demand  for  power  and  for  water-supply,  and  the  banks  were  raised, 
increasing  the  depth  to  7  feet,  but  still  without  increasing  the  capacity  to  a  sufficient  extent.  In  1872  it  was  decided 
to  enlarge  the  dimensions  very  materially,  and  the  work  was  commenced  in  March  of  that  year,  and  completed  about 
the  middle  of  the  year  1875.  An  embankment  was  constructed  on  the  river  side,  but  on  the  land  side  the  water 
was  not  confined,  except  in  places  where  cutting  was  necessary,  but  was  allowed  to  flow  back,  cutting  a  contour 

line  from  tlie  surface  of  the  ground,  and  forming  a  number  of  ponds  at  points  where  vaUeys  run  down  to  the  river, 
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having  a  total  area  of  275  acres,  exclusive  of  what  may  be  considered  the  canal  proper.  The  total  area  of  ponds 
and  canal  is  about  400  acres.  The  dimensions  of  the  latter  are :  length,  7  miles ;  surface  width,  150  feet ;  bottom 
width,  106  feet ;  depth,  11  feet ;  area  of  cross-section,  1,408  square  feet.  The  bottom  is  graded  to  a  fall  of  about  half 
a  foot  per  mile,  giving,  if  the  surface  of  the  water  has  the  same  inclination,  a  velocity  of  about  2.7  feet  per  second,, 
or  a  discharge  of  about  3,800  cubic  feet  per  second.  The  dam  at  the  head  of  the  canal,  which  is  located  in  a  very 
favorable  place,  is  shown  in  the  accompanying  illustration.     It  is  1,720  feet  long,  10.63  feet  high  on  the  average,. 


DAM  AND  BULKHEAD  OF  AtTG^XTSTA  WATEE-POWEE. 


varying  from  6  to  15  feet,  and  is  bnilt  of  solid  stone,  in  cement,  on  a  foundation  of  solid  rock.  It  extends  diagonally 
up  stream  for  1,000  feet  from  the  bulkhead,  and  then  720  feet  straight  across,  and  is  provided  with  four  waste-weirs, 
three  of  them  20  feet  wide  and  the  other  15  feet,  which  may  be  closed  by  needles.  In  section  it  is  a  trapezium,  its 
face  sloping  at  an  angle  of  45°,  its  back  one-half  horizontal  to  one  vertical,  and  its  top  at  an  angle  of  15°  backward 
and  downward.  The  horizontal  width  of  its  top  is  6J  feet.  At  one  end  are  the  locks  and  bulkhead,  all  built  in  the 
most  substantial  manner  of  granite,  laid  in  hydraulic  cement,  the  stone  having  been  all  obtained  within  a  mile  of  the 
place.  The  cost  of  the  dam,  which  was  completed  in  187G,  was  about  $87,000,  and  that  of  the  remaining  works  at 
the  head  of  the  canal  was  $132,000,  making  a  total  of  $219,000.  The  pond  extends  for  about  IJ  or  2  miles,  with  an 
average  width  of  1,500  feet,  interspersed  with  islands  and  rocks.  The  dam  has  never  been  injured  by  freshets  or 
ice,  and  is  built  in  such  a  solid  way  that  there  is  no  danger  of  its  ever  being  disturbed — the  water  having  stood^ 
in  one  instance,  9  feet  above  its  crest. 

The  fall  at  Augusta  between  the  level  of  the  canal  and  low  water  in  the  river  is  in  the  neighborhood  of  50  feet> 
but  the  fluctuations  in  the  river  render  it  impossible  to  utilize  this  fall  economically.  Below  the  main  canal  are  two 
other  levels,  aggregating  about  2  miles  in  length,  the  second  and  third  levels  being,  respectively,  18  and  33  feet 
below  the  first  or  main  canal.  Power  is  used  from  all  three  levels,  the  table  on  the  following  page  showing  in  what 
way  and  to  what  extent.  The  mills  can  generally  be  run  at  full  capacity  all  the  time,  those  on  the  second  level  being 
troubled  sometimes,  but  not  often,  with  backwater  from  the  river.  The  Summerville  mills  have  worked  under  16 
feet  of  backwater. 

The  power  at  Augusta  is  owned  entirely  by  the  city,  water  being  leased  to  the  different  mills  at  the  rate  of 
$5.50  per  horse-power.  The  method  of  determining  the  amount  of  power  used  is  optional  with  the  city  engineer, 
who  can  actually  gauge  the  water  consumed  when  the  machinery  is  in  full  operation,  or,  if  he  chooses,  judge  from 
the  size  of  wheel,  without  measurement.  All  the  works  connected  with  the  canal  were  built  by  the  city,  tmder 
Mayor  Charlos  Estes,  the  moving  spirit  of  the  enterprise,  the  total  cost,  including  400  acres  of  land,  amounting 
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to  $822,000.  This  land  includes  fine  building-sites,  as  well  as  space  for  operatives'  houses,  the  available  fall  between 
the  canal  and  the  river  varying  between  33  and  40  feet.  The  accompanying  map  will  show  the  location  of  these 
lands. 

The  drainage  area  of  the  Savannah  river  above  the  head  of  the  Augusta  canal  is  about  G,830  square  miles, 
and  the  rainfall  about  50  or  52  inches,  distributed  as  follows:  spring,  14;  summer,  13;  autumn,  10;  winter,  15.  I 
have  therefore  estimated  the  power  as  follows  : 

Table  of  power  at  Augusta,  Oeorgia. 


state  of  flo\r  (see  pages  18  to  21). 


Minimoiu 

Minimum  low  aeason  . . . 
Maximum,  with  storage 
Low  season,  dry  years  . . 


Drainage 
area. 


Sq.  miles . 
6,830 


Fall. 


Flow  per 
second. 


Feet. 


*33  to  40+ 


Horse-power  available,  gross. 


\  foot  fall. 

193.2 

238.7 

681.8 

272.7 

^  feet  fall. 

6,375 

7,877 

22,  500 

9,000 


iOfeetfall. 

7,728 

9,548 

27,  272 

10,  908 


fall. 
9,660 
11,  935 
34,090 
13, 635 


*  See  description. 

The  existing  canal  is  of  sufilcient  capacity  to  carry  the  entire  flow  of  the  stream  in  dry  seasons.  The  storage 
room  offered  by  the  canal  and  ponds  would  be  sufficient  to  allow  of  the  power  used  during  12  hours  being  increased 
to  some  extent  above  that  afforded  by  the  stream  in  the  low  season  of  dry  years,  but  not  to  any  great  extent.  The 
utilization  of  the  maximum  power  could  only  be  effected  at  great  cost. 

The  power  just  described  is  one  of  the  finest  in  the  South.  The  advantages  of  transportation  are  of  the  best, 
building-stone  of  the  best  quality  can  be  had  with  ease,  the  locality  is  healthy,  and  large  amounts  of  power  can  be 
rented  from  the  city  on  favorable  terms.  These  advantages  are  being  rapidly  improved.  The  Sibley  mills,  now 
being  built,  will  use  1,000  horse-power,  and  the  company  expect  to  double  their  capacity  within  a  short  time,  and 
eventually  to  triple  it.  As  the  advantages  become  more  widely  known  the  surplus  power  here  available  must  be 
rapidly  utilized. 

Table  of  power  utilized  at  Augusta,  Georgia. 

L— WATER  TAKEN  FROM  MAIN  CANAL  (FIRST  LEVEL)  AND  DISCHARGED  TO  RIVER. 
[The  powers  given  are  those  to  which  the  different  mills  are  entitled.    The  figures  differ  from  those  in  the  statistics  of  the  special  agent  on  cotton-mills.] 


Name  and  kind  of  milL 


1.  Snmmerville  cotton-mills  . 


2.  Sibley  Manufacturing  Company,  cotton. 


FalL 


Feet. 
32.00 


Horse-power. 


1, 000. 00 


Remarks. 


Hercules  wheel.  Fall  of  11  feet  to  tail- 
race  at  low  water.  Highest  mill  on 
the  canal,  2  miles  above  the  basin,  or 
lower  end  of  main  caoal. 

Now  building.  100  looms  and  3,000 
spindles.    Expect  to  double  capacity 


n.— WATER  TAKEN  FROM  FIRST  LEVEL  AND  DISCHARGED  TO  SECOND. 


L  Enterprise  Manufacturing  Company,  cotton. 

2.  Augusta  flour-mllla 

3.  Augusta  cotton  factory 


395.  00 
200.  00 

1,  200.  00 


John  M.  Clark's  Sons.    Have  lately  in- 
creased power  above  that  given. 
850  horse-power  actually  used. 


m.— WATER  TAKEN  FROM  SECOND  LEVEL  AND  DISCHARGED  TO  THIRD,  OR  TO  RIVER. 


1.  Schley's  giist-mill 

2.  Globe  cotton  factory 

3.  Augusta  Paint  Company 

4.  Southern  Cross  cotton  factory. 

5.  Cottonseed-oil  miU 

6.  Excelsior  flour-mill 

7.  Foundry  and  planing-mill 

8.  City  water- works  pump 

9.  Arctic  Ice  Company 

10.  Crescent  flour-mill 


12.07 
12.30 
12.30 
12.20 
11.50 
11.00 
11.00 
11.00 
11.00 
10.63 


54.50 
91.00 
26.00 
61.88 
56.00 

152.  00 
13.00 
45.00 
62.26 

125.  00 


John  M.  Clark's  Sons. 


George  T.  Jackson  &  Co. 
Pendleton  &  Bro. 


L.  F.  &  L.  J.  Miller. 


The  next  power  above  Augusta  is  at  Blue  Jacket  shoal,  where  the  fall  is  10  feet  in  200  yards.    Then  comes  Long 
fihoal,  with  a  fall  of  35  feet  in  5  miles.    The  average  width  of  the  river  is  600  yards.    The  head  of  the  shoal  is 
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about  5  miles  below  the  mouth  of  Little  river,  South  Carolina.  Then  follow  a  number  of  smaller  shoals,  many  of 
which  may  offer  good  sites  for  power,  to  determine  which  a  survey  would  be  necessary.  The  most  important  shoal, 
however,  is  Trotter's  shoal,  which  is  7  miles  long,  with  a  total  fall  of  74.88  feet.  The  head  of  the  slfoal  is  at  the 
mouth  of  Eocky  river.  South  Carolina,  and  the  foot  5  miles  above  the  mouth  of  Broad  river,  Georgia.  This 
shoal  probably  offers  the  finest  power  on  the  river  above  Augusta,  and  is  now  almost  entirely  unutilized,  being 
only  used  for  a  couple  of  small  grist-mills.  The  river  descends  over  a  series  of  ledges  of  solid  rock,  and  is,  on  the 
average,  800  yards  wide.  The  banks  are  said  to  offer  no  difflculties  as  regards  the  construction  of  canals  or 
buildings.  The  river  rarely  rises  so  much  as  10  feet  during  freshets,  and  there  is  of  course  no  trouble  with  ice. 
Fine  building-materials — granite,  timber,  clay  for  brick,  and  soapstone — abound  in  the  neighborhood,  and  iron  and 
gold  are  said  to  have  been  found  close  by  the  river.  The  surrounding  country  is  well  adapted  for  the  cultivation  of 
corn  and  cotton,  the  climate  is  healthy,  and  although  the  site  is  at  present  rather  inaccessible,  being  about  15  miles 
distant  from  Elberton  and  Abbeville,  the  nearest  railroad  points,  yet  the  proposed  Savannah  Valley  railroad  will 
pass  close  by  the  shoals  on  the  South  Carolina  side,  while  the  Hartwell  and  Augusta  railroad,  now  talked  of,  will^ 
if  built,  pass  close  to  them  on  the  Georgia  side.*  As  regards  water  communication,  it  may  be  mentioned  that 
steamboat  navigation  can  probably  be  opened  up  to  the  foot  of  the  shoals,  the  estimated  cost  of  securing  a  channel 
3  feet  deep  and  90  feet  wide  being  $124,000,t  while  the  cost  of  improvement  for  a  pole-boat  channel  3  by  30  feet 
was  estimated  at  $45,000.    The  sum  of  $16,000*has  been  appropriated  to  the  work. 

I  am  indebted  for  much  valuable  and  detailed  information  concerning  these  shoals  to  Colonel  James  Edward 
Calhoun.    The  power  available  has  been  estimated  as  in  the  following  table: 

Estimate  of  power  at  Trotter's  shoals. 


state  of  flow. 


Drainage 
area. 


Fall. 


EainfaU. 


Flow   per 
second. 


Horse-power  available^ 
gross. 


^fiTT^mnTn 

Uinimnm  low  season  . . . 
Maximimi,  with  storage 
Low  season,  dry  years  . 


8q.  miles. 


2,664 


Feet. 


74.88 


In. 


15 


In. 


14 


In. 


10 


In. 


16 


In. 


Oubie  feet. 
670 
950 
2,550 
1,075 


I  foot  fan. 

76.1 

108.0 

290.0 

122.2 


75  feet  faU. 

5,700 

8,100 

21,750 

9,165 


Although  all  of  the  other  falls  on  the  Savannah  were  ascertained  by  measurement  with  an  aneroid  barometer, 
the-  fall  of  Trotter's  shoal  was  measured  more  accurately  with  a  leveling-instrument.  I  did  not  visit  this  shoal, 
and  all  my  information  is  therefore  derived  from  reports  and  correspondence.  It  is  proper  to  say,  however,  that 
every  one  whom  I  questioned  regarding  it  said  it  afforded  one  of  the  finest  powers  they  had  ever  seen.  It  is 
therefore  certainly  worthy  of  attention. 

The  remaining  shoals  on  the  river,  with  estimates  of  the  power  available,  will  be  found  in  the  table.  Eegarding 
them  I  have  meager  information.  Cherokee  shoal  is  5  miles  below  the  mouti  of  Van's  creek,  Georgia ;  Gregg's 
shoal  is  just  above  the  mouth  of  Pickens'  creek,  Georgia,  and  just  at  the  Line  between  Anderson  and  Abbeville 
counties,  South  Carolina ;  Middleton's  shoal  is  just  below  the  mouth  of  Little  Generostee  creek,  South  Carolina;  and 
McDaniell's  shoal  is  2  miles  above  Cedar  creek,  Georgia.  Some  of  these  shoals,  and  some  of  the  smaller  falls 
between  them,  have  been  used  at  different  times  for  small  grist-  and  saw-mills,  but  there  is  no  other  manufacturing 
of  any  kind  on  the  river  above  Augusta  except  at  one  small  woolen-mill.  To  determine  the  availability  of  these 
shoals  personal  examination  would  be  necessary.  It  is  improbable  that  much  power  will  be  used  on  the  river  for 
some  time,  for  the  great  width  of  the  stream  renders  dams  expensive,  and  except  at  places  where  considerable  fall 
can  be  secured,  as  at  Trotter's  shoal,  it  would  perhaps  hardly  pay  to  utilize  power  very  extensively,  although  small 
mills  with  wing-dams  could  be  located  at  many  places.  In  Anderson  county  the  banks  of  the  river  are  said  to  be 
quite  bluffy,  so  that  canaling  would  be  difficult  and  costly;  but  below  that  county  the  country  is  said  to  be  more 
open,  and  canals  to  be  practicable.  It  was  stated  by  persons  acquainted  with  the  river  that  Gregg's  and  Middleton's 
shoals  would  be  hard  to  utilize  on  account  of  the  high  banks,  although  both  have  been  used  to  a  small  extent  for 
saw-mills;  but  that  Cherokee  shoal,  on  the  contrary,  could  be  easily  used,  and  the  whole  fall  rendered  available. 
There  is  now  a  mill  at  these  shoals  with  a  wing-dam  5  feet  high,  a  canal  a  mile  long,  and  a  fall  at  the  mill  of  16 
feet. 

The  table  on  the  following  page  gives  the  power  utilized  on  the  river.    The  only  dam  across  the  stream  is  the 

one  at  Augusta. 


*  Information  from  Colonel  James  Edward  Calhoun. 


t  Annual  Uepwt  of  Chief  of  Engineers,  1879,  p.  749. 
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Plaoe. 


Angosta 

Blue  Jacket  shoal. , 

Long  shoal 

Trotter's  shoal 

Cherokee  shoal . . . 
Bowman's  ledge  ... 

Gregg's  shoal 

Mlddleton's  shoal. 

Ferrill's  ledge 

UcDaniell's  shoal. 

Hatton's  shoal 

Guest's  shoal 


llUea. 
0.00 
19.00 
30  ± 
61.00 
76.50 
83.00 
85.60 
88.60 
89.75 
95.50 


[Sq.  miles. 


800  ± 
136 
664 
212 


100. 
078 


1,900 


BalnfaU. 


Fall. 


Feet. 

33-40 

10 

36 

75 

9 

3 

14 

18 

3 

30 


i 


7  miles. 
600  feet 
6  miles - 
7mlleB- 
O.Smlle. 
120  feet 
1  mile.. 
Imile-. 
360  feet 
5  miles. 


Horse-power  avallahle, 
gross.* 


6,376 
1,650 
6,100 
6,700 
660 


825 
1,060 


1,600 


7,877 
2,050 
6,350 
8,100 
800 


1,150 
1,600 


2,275 


22, 600 

5,800 

18, 000 

21, 760 

2,100 


3,200 
4,000 


6,100 


I 


9,000 
2,360 
7,250 
9,165 
900 


1,325 
1,700 


2,600 


Utilized. 


I 


3,660 


Feet. 
38 


Bemarks. 


See  description. 


Only  power  ntilized  ia 
for  small  grist-  oi 
saw-mills. 


TUGAIOO  EITBIi  (see  beyond). 


UO.OO 
113.60 


845 
776 


39       IJmile. 
17     Imile... 


936 
375 


1,131 
450 


4,096 
1,660 


1,287 
620 


I  Xo  power  utilized  on 
I     the  rlTer. 


SENECA  EIVEE  (see  beyond). 

U3.00 

740 

15 

15 

10 

16 

58 

60 

3  mUes. . 

1,290 

1,700 

5,620 

1,950 

0 

0 

0 

No  power  utilized  on 

the  river. 

*  See  pages  18  to  21. 


TEIBTJTABIES   OF   THE   SAVANNAH   BIVEK. 


The  first  considerable  tributary  of  the  Savannah  river  is  Briar  creek,  which  rises  in  Warren  county,  Georgia,  and 
pursues  a  southeasterly  coarse  through  a  distance  of  about  85  miles  in  a  straight  line,  draining  an  area  of  830 
square  miles,  and  entering  the  Savannah  river  in  Screven  county.  It  crosses  the  fall-line  near  its  source,  but  with 
no  great  fall  at  that  point,  and  its  water-power  is  of.  little  consequence.  Some  of  its  tributaries  may  be  classed 
as  sand-hiU  streams,  and  afford  small  powers. 

Lower  Three  runs  and  Upper  Three  runs,  from  Barnwell  and  Aiken  counties,  South  Carolina,  are  two  sand-hill 
streams,  which  could  be  made  to  afford  considerable  power,  although  at  present  only  a  small  amount  is  utilized. 
Lower  Three  runs  drains  an  area  of  140  square  miles,  and  is  some  25  miles  long,  while  Upper  Three  runs  drains  165 
square  miles,  and  is  over  30  miles  long.  Both  have  gradual  declivities,  beds  of  sand  and  clay,  and  considerable 
swamp-land  along  their  courses.  Lower  Three  runs  has  a  few  corn-  and  saw-mills  in  operation,  and  several  old 
mill-sites  not  in  use.  It  has  a  gradual  fall  of  12  or  15  feet  per  mile  in  its  upper  parts,  according  to  Mr,  James  E. 
Crossland,  civil  engineer  and  surveyor,  of  Aiken,  South  Carolina,  and  it  offers  good  facilities  for  storage.  If  we  take 
its  flow  at  from  one-half  to  one  cubic  foot  per  second  per  square  mile  (see  page  85),  it  will  be  found  that  the  stream 
win  afford  at  its  mouth  8  to  16  horse-power  per  foot.  Gaugings  only  can  determine  whether  this  estimate  is 
correct.  At  the  mouth  of  the  stream,  however,  there  are  no  sites  for  power.  Upper  Three  runs,  the  larger  stream 
of  the  two,  is  also  a  better  stream.  It  has  not  so  much  swamp-land,  has  better  banks,  and  has  a  greater  fall, 
amounting  to  from  18  to  20  feet  per  mile  in  places,  according  to  Mr.  Crossland.*  It  is  crossed  at  its  mouth, 
near  Ellenton,  by  the  Port  Eoyal  and  Augusta  railroad,  and  near  its  headwaters  by  the  South  OaroUna  railroad. 
Its  width  varies  from  120  feet  at  its  mouth,  and  100  feet  a  few  mUes  above,  to  75  feet  at  a  distance  of  15  miles  above. 
The  first  power  is  at  Newman's,  just  above  the  railroad  bridge,  where  there  was  formerly  a  mill  having  a.  fall  of  7 
feet.  The  dam  is  still  there,  and  is  of  dirt,  and  the  site  is  said  to  be  a  very  good.one.  A  few  miles  above  is  a  second 
good  power,  at  Rouse's  bridge,  not  now  used.  According  to  Mr.  Crossland,  there  are  now  in  operation  on  the  stream 
and  tributaries  twelve  grist-  and  saw-mills,  and  one  cotton-yarn  mill  running  the  Clement-attachment,  and  also  six 
sites  formerly  used,  but  now  idle.  According  to  the  supposition  above  made  regarding  the  flow  of  the  stream,  it 
would  afford  at  its  mouth  from  9  to  18  horse-power  per  foot  fall. 

The  tributaries  to  the  Savannah  from  Eichmond  county,  Georgia,  afford  some  power,  and  some  of  them  are 
sand-hill  streams,  but  none  are  of  much  importance.  There  are  also  in  this  county  some  sand-hill  tributaries  to 
Briar's  creek  which  aflford  good  small  powers,  with  large  ponds,  allowing  of  concentration  of  power  during  working 


•  I  am  indebted  to  Mr.  Crossland  for  considerable  information  regarding  these  streams  and  for  a  map  of  Upper  Three  runs. 
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3iours,  the  principal  one  of  these  streams  being  Sandy  run.  Of  the  streams  flowing  directly  into  the  Savannah 
the  principal  are  McBean's  creek  and  Spirit  creek,  the  former  draining  92  square  miles.  They  are  used  by  grist-  and 
saw-mills,  with  ponds  so  large  that  there  is  no  waste  except  by  leakage;  and  there  have  been  a  few  cotton  factories 
in  the  vicinity.  There  are  sites  on  almost  all  of  these  streams,  but,  the  powers  are  too  small  to  be  specified 
in  detail. 

As  regards  power  utilized,  one  of  the  most  important  tributaries  to  the  Savannah  river  is  Horse  creek,  a  small 
stream  about  20  miles  in  length,  measured  in  a  straight  line,  and  draining  about  143  square  miles.  It  enters  the 
Savannah  from  Aiken  county.  South  Carolina,  a  few  miles  below  Augusta,  and  is  one  of  the  most  important 
manufacturing  streams  of  South  Carolina.  It  is  a  true  sand-hill  stream,  and  in  addition  it  crosses  the  fall-line,  and 
has  a  rapid  fall,  offering  excellent  advantages  for  power.  The  bed  is  rock  in  places,  and  in  others  clay  and  grit,  and 
sometimes  sand.  The  banks  are  good,  and  also  the  facilities  for  storage,  as  will  be  seen  from  what  follows.  The  stream 
was  early  utilized  for  power,  and  at  present  all  the  good  sites  are  occupied  (although  one  is  lying  idle),  so  that  it  only 
remains  to  describe  the  powers  in  use :  In  ascending  the  stream  the  first  power  is  at  the  Bath  paper-miUs,  now  not 
in  use,  situated  6  miles  from  the  mouth,  a  mile  above  the  head  of  boat  navigation,  and  above  the  mouth  of  Little 
Horse  creek,  the  principal  tributary  of  Horse  creek,  and  which  drains  about  36  square  miles.  The  dam  is  of  earth, 
900  feet  long  and  20  feet  high ;  the  pond  covers  150  acres  to  an  average  depth  of  10  or  12  feet;  and  the  head  and 
fall  was  38  feet.  The  dam  was  built  in  1854,  and  was  washed  out  in  1871  by  the  breaking  of  the  next  dam  above 
<Langley),  the  damage  done  amounting  to  $33,000,- the  rebuilding  of  the  dam  having  cost  that  sum.  It  was  again 
washed  out  in  1877,  and  has  not  yet  been  rebuilt.  The  damages  to  dam  and  mill  are  estimated  at  $50,000.  The 
power  used  is  stated  at  500  to  600  horse-power,  there  being  scarcely  ever  waste  of  water.  The  drainage  area 
above  being  about  100  square  miles,  I  would  estimate  the  available  power  due  to  the  natural  flow  of  the  stream 
at  from  6  to  12  horse-power  per  foot  fall.  It  is  possible,  however,  that  this  site  is  below  the  mouth  of  Little  Horse 
•creek,  in  which  case  the  power  would  be  about  one-third  greater. 

Two  miles  above  Bath  is  the  Langley  cotton -mill.  The  dam  is  of  earth  and  crib-work,  1,000  feet  long  and  24  feet 
high,  built  in  1870  at  a  cost  of  $15,000,  and  ponding  the  water  over  700  acres  to  an  average  depth  of  10  feet.  The 
Jiead-race  is  300  feet  long,  the  fall  21  feet,  and  the  power  used  is  stated  at  500  horse-power,  which  can  be  obtained 
at  all  times,  no  steam-power  being  used,  and  there  being  no  waste  at  night  in  dry  weather.  I  would  estimate  the 
power  at  about  the  same  as  for  Bath,  which  would  give  from  275  to  550  horse-power  gross  during  11  hours.* 

Three  miles  above  Langley,  at  the  town  of  Graniteville,  is  the  factory  of  the  Graniteville  Manufacturing  Company, 
the  most  important  mill  on  the  stream.  The  dam,  which  is  a  continuation  of  the  canal  bank,  is  principally  of  earth, 
and  extends  across  Horse  creek  and  one  of  its  tributaries  (Bridge  creek)  just  above  their  junction,  the  two  ponds 
fceing  connected  by  a  canal  about  500  feet  long.  The  dam  across  Bridge  creek  is  of  earth,  about  500  feet  long  and 
10  to  20  feet  high,  and  is  10  feet  wide  on  top  and  30  or  40  feet  at  the  bottom.  It  carries  the  railroad  across  the  creek. 
The  dam  across  Horse  creek  is  700  to  800  feet  long,  and  is  of  earth,  with  the  exception  of  a  rock  dam  in  the  center, 
about  60  by  20  feet,  founded  on  solid  rock.  There  is  also  a  waste-weir  about  100  feet  long,  and  the  height  of  both 
waste- weir  and  dam  can  be  raised  by  flash-boards.  These  dams  were  built  in  1848  and  1867,  the  rock  dam  costing 
^15,000,  and  the  earth  dam  $35,000.  The  total  pond  area  is  about  100  acres — 75  on  Horse  creek,  and  25  on  Bridge 
■creek.  The  canal  is  half  a  mile  long,  45  to  60  feet  wide,  and  10  feet  deep.  The  fall  used  is  43  feet,  and  the  power 
■600  horse-power,  which  can  be  obtained  for  300  days  in  the  year  by  drawing  down  the  water  in  the  pond  at  night 
(at  all  seasons  generally),  the  factory  being  run  during  12  hours.  Ko  steam-power  is  used.  The  mill  is  sometimes 
obliged  to  stop  in  dry  weather,  generally  for  from  5  to  8  days  per  year,  but  in  1879  it  was  stopped  for  17J  days. 
The  dam  has  been  twice  carried  away,  but  only  once  in  the  last  twenty-two  years,  in  1867,  when  a  heavy  rain  caused 
the  breaking  of  2  dams  above.  The  drainage  area  above  Graniteville  being  about  81  square  miles,  if  we  assume  the 
net  power  available  in  dry  seasons  at  300  horse-power,  or  the  gross  power  at  400  horse-power,  with  storage,  or  200 
horse-power  with  the  natural  flow  of  the  stream,  we  shall  find  the  discharge  to  be  one-half  cubic  foot  per  second 
per  square  mile.  The  ordinary  power  being  600  horse-power  net,  with  storage  during  the  night,  or  400  gross  due  to 
the  natural  flow,  the  corresponding  flow  is  one  cubic  foot  per  second  per  square  mile.  The  flow  may  be  taken  to  vary 
between  these  limits. 

Two  railroads — the  Charlotte,  Columbia,  and  Augusta  railroad,  and  the  South  Carolina  railroad — pass  through 
the  town  of  Graniteville. 

The  next  power  above  Graniteville  is  the  Vancluse  factory  of  the  Graniteville  Manufacturing  Company,  3  miles 
above.  As  in  the  case  of  Graniteville,  there  are  two  ponds,  one  formed  by  a  dam  across  Horse  creek,  and  covering 
100  acres,  and  the  other  formed  by  the  railroad  embankment  across  Good  Spring,  and  covering  42  acres,  the  two 
being  connected  by  a  conduit  4^  feet  square  and  450  feet  long,  16  feet  below  the  level  of  the  ponds,  and  built  at  a 
cost  of  $2,500.  The  dam  across  Horse  creek  is  of  rock,  300  feet  long  and  28  feet  high,  the  length  of  overfall  being 
^0  feet,  and  was  built  in  1877  at  a  cost  of  $30,000.  An  iron  tube  6J  feet  in  diameter  and  350  feet  long,  which 
cost  $7,000,  conveys  the  water  to  the  wheels,  where  the  fall  is  51  feet.    The  power  used  is  300  horse-power,  which 

*  Power  stated  at  300  horse-power  in  statistics  of  special  agent  on  cotton-mills. 
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can  be  obtained  at  all  times  by  drawing  down  tlio  water  in  tbc  pond  at  night.  The  drainage  area  being  abont  50 
square  miles,  the  flow  is  calculated  at  about  O.G  cubic  foot  per  second  per  square  mile.  It  probably  varies  between 
one-half  and  one  cubic  foot. 

Above  Vancluse  there  are  only  a  few  small  grist-  and  saw  inilLs  on  the  stream,  and  none  of  importance. 

Horse  creek  offers  a  good  example  of  the  large  amount  of  power  which  can  be  obtained  at  small  expense  from 
fi  comparatively  insiguiflcant  stream  if  it  is  only  properly  developed,  and  it  is  the  best  example  of  a  sand-hill  stream 
in  South  CaroUna.  Crossing  the  fall-line,  however,  near  Graniteville,  it  offers  better  facilities  for  dams,  and  has 
more  fall  than  most  sand-hill  streams,  and  is  therefore  peculiarly  favorable  for  power.  The  rock  bed  vrhich  is  found 
at  Graniteville  extends  only  a  short  distance  below,  but  is  found  above  for  some  distance.  Below  the  Graniteville 
dam  the  bed  of  the  stream  is  only  about  15  feet  wide,  and  it  seems  wonderful  that  such  a  seemingly  small  stream 
can  afford  so  much  power.  As  before  mentioned,  there  are  no  other  sites  worth  mentioning  on  the  stream,  and 
there  are  said  to  be  few  sites  for  reservoirs. 

Some  of  the  small  tributaries  of  Horse  creek  afford  good  small  powers.  Little  Horse  creek  has  one  site  about 
3  miles  from  Graniteville,  where  there  used  to  be  a  saw-mill ;  but  the  power  is  not  large,  and  I  have  no  data 
regarding  it. 

The  next  tributary  to  the  Savannah  worth  mentioning  is  Big  Stevens  creek,  from  Edgefield  county,  South 
Carolina,  but  I  was  unable  to  obtain  information  regarding  its  power.  It  is  formed  by  the  confluence  of  several 
smaller  streams  which  have  their  sources  in  Abbeville  and  Edgefield  counties,  and  the  total  area  which  it  drains 
comprises  about  650  square  miles.  From  all  I  could  learn,  its  water-power  is  not  of  much  importance,  and  it  is 
stated  on  good  authority  that  on  a  great  part  of  its  drainage-basin  the  prevailing  rock  is  a  clay-slate,  which  sheds 
the  water  very  rapidly,  so  that  the  flow  of  the  stream  is  very  variable,  like  that  of  some  streams  in  Iforth  Carolina 
to  which  we  have  referred.  Nevertheless,  at  its  mouth  the  flow  ought  to  be  at  least  75  cubic  feet  per  second  in  very 
dry  seasons,  and  perhaps  90  to  100  cubic  feet  in  ordinary  years  in  the  low  season.  There  are  some  mills  on  the 
stream  and  its  tributaries,  but  they  are  of  no  importance. 

The  next  tributary  is  Little  river,  from  Georgia,  which  rises  in  Greene  and  Oglethorpe  counties,  flows  in  a 
general  easterly  direction,  forming  the  boundary-line  between  Wilkes  and  Lincoln  counties  on  its  left,  and  Taliaferro, 
Warren,  McDuffle,  and  Columbia  counties  on  its  right,  joining  the  Savannah  about  24J  miles  above  Augusta.  Its 
length,  in  a  straight  line,  is  about  55  miles,  and  its  drainage  area  about  695  square  miles.  It  is  150  feet  wide  at  its 
mouth.  Its  water-power,  however,  is  not  of  much  value.  Flowing,  as  it  does,  at  a  small  angle  with  the  strike  of  the 
rock  strata,  its  fall  is  not  very  great,  and  there  are  no  precipitous  descents.  Its  bed  is  sand,  clay,  and  gravel,  to  a 
greater  extent  than  that  of  the  Savannah,  and  its  banks  are  tolerably  low.  There  is  some  trouble  in  securing  good 
locations  and  foundations  for  dams.  The  power  of  the  stream  is  used  for  only  grist-  and  saw-mills,  as  will  be  seen 
from  the  table  on  page  141 ;  and  although  there  are  several  places  where  there  are  shoals  with  falls  of  a  few  feet, 
some  of  which  have  heretofore  been  utilized,  yet  there  are  no  very  good  sites  on  the  stream.  The  flow  of  the 
stream  is  so  variable,  and  its  water-power  so  small,  that  estimates  of  its  flow  are  not  necessary. 

Little  river,  South  Carolina,  is  the  next  stream  worth  mentioning.  It  takes  its  rise  in  the  eastern  corner  of 
Anderson  county,  and  flows  in  a  southerlj-  direction,  most  of  its  course  lying  in  Abbeville  county,  entering  the 
Savannah  almost  on  the  boundary -line  between  that  county  and  Edgefield.  Its  length  in  a  straight  line  is  about 
45  miles,  and  it  drains  about  530  square  miles,  receiving  as  its  principal  tributary  Long  Cane  creek,  from  the  east  or 
north,  which  drains  an  area  of  about  183  square  miles.  It  is  bordered  with  many  fine  bottom-lands,  which  are  often 
overflowed,  and  the  banks,  as  a  rule,  are  not  very  high.  Its  fall  is  moderate,  perhaps  about  as  large  as  that  of  the 
Savannah,  or  rather  greater.  Its  elevation  at  the  crossing  of  the  Savannah  Valley  railroad,  3  miles  above  the 
Edgefield  county-line,  is  222  feet ;  and  that  of  Long  Cane  creek,  at  the  crossing  of  the  Greenville  and  Columbia 
railroad  (see  map),  is  481  feet.  It  is  used  for  grist-  and  saw-mills,  and  has  several  sites  not  nsed,  offering  good 
powers.  Below  the  mouth  of  Long  Cane  creek  there  is  only  one  mill,  a  grist-  and  saw-mill  (and  a  Clement- 
attachment  cotton  factory  in  course  of  erection),  situated  about  a  mile  from  the  mouth  of  the  river.  Above  the 
mouth  of  Long  Cane  creek  the  next  power  is  an  unutilized  site  known  as  IMartin's  shoal,  19  miles  irom  Abbeville,  and 
8  miles  above  the  first  mill.  The  fall  is  said  to  amount  to  15  feet  in  1,500.  The  bed  is  rock,  and  the  banks  high  and 
precipitous.  I  am  not  able  to  say  whether  this  power  is  easily  available.  Above  come  two  grist-mills,  with  falls  of 
7  and  14  feet,  and  then  a  second  site,  not  used,  known  as  the  Trimble  shoals,  13  or  14  miles  from  Abbeville.  The 
shoal  is  half  a  mile  long,  but  the  fall  is  not  known,  although  it  is  said  to  be  considerable.  The  bed  is  very  rocky, 
and  can  be  crossed  at  low-water,  by  jumping  from  rock  to  rock,  without  wetting  one's  feet.  The  banks  are  said  to 
be  very  steep,  and  the  construction  of  a  canal  would  present  difficulty.  Above  this  point  are  only  a  few  small 
grist-  and  saw-mills.  Long  Cane  creek,  which  enters  Little  river  about  5  or  6  miles  from  its  mouth,  has  more  bottom- 
land than  the  latter,  and  probably  not  so  much  fall.  It  is  utilized  for  gxist-  and  saw-mills,  and  has  a  few  shoals  not 
used,  but  none  of  much  importance. 

The  rainfall  on  the  drainage-basin  of  Little  river  is  about  50  inches — 14  in  spring,  13  in  summer,  9  in  autumn, 
and  14  in  winter.    I  would  therefore  estimate  its  flow  and  that  of  Long  Cane  creek  as  in  the  table  on  page  134. 
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Estimate  offlotc  and  power  of  Little  river,  South  Carolina. 


stream  and  place. 


Bamfall. 


03 


Flow  per  second. 


s 


la 


II 


Horse-power  avaJIalile,  gross.* 


S 


I 


si 


Little  riTOT  at  montli 

Little  river  above  montli  of  Long  Cane 
Long  Cane  at  mouth 


Sq.m. 
531 
320 
183 


In. 

U 
14 
14 


In. 
13 
13 
13 


In. 


In. 

14 
14 
14 


In. 
50 
50 
50 


Ou.  ft. 
79 
44 


Ou./t. 

106 

67 

28 


On.  ft. 
450 
282 
158 


Ou./t. 

123 

66 

32 


Ift.faV,. 
9.0 
5.0 
2.6 


1ft  faa. 

12.0 

6.5 

3.2 


IfUfaU. 
51 
32 
18 


1ft.  fall. 
14.0- 

7.5- 


*  See  pages  18  to  21. 

The  next  important  tributary  to  the  Savannah  is  Broad  river,  from  Georgia,  the  largest  aMuent  of  the  stream. 
Its  headwaters  are  in  Banks  and  Habersham  counties,  whence  it  flows  southeast  through  Franklin  and  Madison 
counties,  and  between  Elbert  county  on  its  left  and  Madison  and  Oglethorpe  counties  on  its  right,  where  it  turns  to 
the  left  and  flows  nearly  east  between  Elbert  county  on  its  left,  and  Oglethorpe,  Wilkes,  and  Lincoln  counties  on  its 
right,  joining  the  Savannah  on  the  line  between  Elbert  and  Liucoln  counties,  and  at  a  point  about  69  miles  above 
Augusta.  Its  length  along  its  general  course  is  about  78  miles,  and  it  drains  a  total  area  of  1,500  square  miles. 
It  is  navigable  for  pole-boats  for  a  distance  of  5  miles  from  its  mouth,  its  width  in  that  distance  being  about 
300  feet.  It  receives  as  its  principal  tributaries  the  South  fork,  which  enters  between  Madison  and  Oglethorpe 
counties  and  drains  275  square  miles;  the  Hudson  river,  which  enters  in  Franklin  county  and  drains  213  square 
miles;  and  the  Middle  fork,  which  also  enters  in  Franklin  county,  draining  192  square  miles,  aU  three  entering  from 
the  west  or  south.  The  Korth  fork,  or  main  stream,  drains  an  area  of  167  square  miles  above  its  junction  with  the 
Middle  fork. 

The  general  character  of  the  drainage-basin  is  somewhat  similar  to  that  of  the  lower  Saluda.  The  country 
is  rolling,  but  not  rough,  except  in  the  extreme  upper  parts,  where  it  is  broken.  The  soil  is,  as  usual,  clay  and  loam. 
The  flow  of  the  stream  is  said  to  be  quite  variable,  and  the  freshets  heavy,  overflowing  large  areas  of  low  ground. 
The  declivity  is  broken  by  shoals  in  various  places,  but  they  are  generally  not  of  very  much  importance;  only  in 
one  case  is  a  very  large  power  produced.  Eegarding  these  shoals  I  was  able  to  obtain  very  little  information,  but 
it  is  probable  that  none  of  them  are  worth  much  for  power  except  the  single  one  referred  to.  The  following  brief 
notes  comprise  all  the  information  I  could  obtain : 

Smith's  shoal,  about  2  or  3  miles  from  the  mouth  of  the  stream,  is  not  used,  the  fall  being  stated  to  amount  to  as 
much  as  6  to  10  feet  in  half  a  mile,  capable  of  being  increased  by  a  dam,  with  good  banks  and  bed. 

Anthony's  shoals,  about  5  or  6  miles  from  the  mouth,  is  the  finest  shoal  on  the  river,  and  the  only  one  of 
importance.  I  was  prevented  by  the  inclemency  of  the  weather  from  visiting  this  site,  so  that  the  following  notes 
are  from  hearsay.  The  shoal  is  situated  just  above  the  lower  corner  of  Wilkes  county,  about  16  miles  from 
Elberton  and  20  miles  from  Washington,  the  nearest  railroad  points.  It  should  be  mentioned,  however,  that  a  road 
is  projected  between  Augusta  and  Elberton  which  will  pass  close  by  the  shoal,  rendering  it  easily  accessible.  The 
fall  of  the  shoal  was  variously  stated  at  from  25  to  75  feet  in  a  distance  of  one  and  a  quarter  miles.  I  am  inclined  to 
believe  that  it  is  in  the  neighborhood  of  40  feet.  The  descent  is  continuous  for  the  entire  distance  over  a  bed  of  rock,  the 
channel  of  the  stream  being  interspersed  with  islands,  and  the  width  varying  from  about  750  feet  at  the  head  to' 
1,200  feet  near  the  middle  and  600  at  the  foot  of  the  shoal.  The  rise  in  freshets  is  probably  small.  The  banks  are 
favorable  on  the  north  side,  where  it  is  said  that  the  whole  fall  could  be  utilized  by  a  canal.  On  the  south  side 
they  are  very  bluffy  on  the  lower  half  of  the  shoal,  and  the  whole  fall  could  not  be  utilized.    The  location  for  mills 

is  safe,  and  not  liable  to  overflow  in  high  water.    Power  has  been  used  on  the  north  side  for  a  cotton  factory the 

Hopewell  factory — which  was  burned  some  time  ago,  and  on  the  south  side  for  two  grist-mills,  only  one  of  which  is 
now  in  use.  At  the  head  of  the  shoal  is  a  dam  of  wood  and  stone,  18  inches  high  and  500  feet  long,  entirely  across 
the  river,  and  from  it  a  race  1,200  feet  long  leads  to  the  grist-mill  on  the  right  bank,  where  the  fall  is  12  feet. 
Above  the  tail-race  of  this  mill  a  wing-dam  of  wood  and  stone,  18  inches  high  and  160  feet  long,  extends  from  the 
left  (north)  bank  across  to  an  island,  and  from  it  a  race  about  a  quarter  of  a  mile  long  leads  to  the  old  cotton  factory, 
where  the  fall  is  18  or  20  feet.  The  fall  continues  for  three-quarters  of  a  mile  below  the  factory,  and  in  this  distance 
there  was  once  a  mill  on  the  right  bank,  not  now  used.    The  exact  fall  below  the  factory  is  not  known. 

The  drainage  area  above  this  site  is  about  1,467  square  miles,  and  the  rainfall  about  65  inches— 15  in  spring,. 
14  in  summer,  10  in  autumn,  and  16  in  winter.  It  is  greatest  in  the  upper  part  of  the  basin.  Having  no  record 
of  ganginga  of  the  river,  I  have  estimated  the  power  as  on  page  136. 

794 


SOUTHERN  ATLANTIC  WATER-SHED. 

Table  of  power  at  Anthony's  shoals,  Broad  river,  Georgia. 


135- 


state  of  flow  (seepages  18  to  21). 


MiBimiun 

•yriTiiTmiin  low  season 

Maxlmnm,  with  storage. 
Low  season,  dry  years — 


Drainage 

area. 


Sq,  miUt. 
I        1,467 


FaU." 


Flow  per 
second. 


OuKeSeet. 
370 
528 
1,450 
I  600 


Horse-power  available, 
gross. 


\  foot  fall. 
42 
60 
165 
68 


40  feet  fall. 
1,080' 
2, 400- 
6,600 
2, 720- 


*  See  description  i  probably  not  loss  than  40  feet. 

The  topography  of  the  drainage-basin  is  such  that  it  would  probably  be  very  expensive  to  secure  the  maximum 
with  storage.    I  am  unable  to  state  whether  a  large  pond  could  be  secured  or  not. 

This  power  was  stated  by  every  one  who  had  seen  it,  and  with  whom  I  communicated  on  the  subject,  to  be  one 
of  the  finest  in  the  vicinity,  and  easily  controlled.  The  above  estimates  show  that  the  power  is  very  large.  The- 
facilities  for  transportation  are  at  present  poor,  but  if  the  projected  railroad  is  built  there  will  be  no  difficulty  on 
this  score.  Good  building  material  can  be  obtained  near  at  hand.  I  am  indebted  for  much  information  regarding 
the  site  to  Mr.  John  Thompson.* 

At  Baker's  ferry,  4  to  5  miles  above  Anthony's  shoals,  there  is  said  to  be  a  natural  fall  of  3  feet  in  600,  not  used; 
and  4  or  5  miles  farther  up  there  is  a  mill  in  Oglethorpe  county,  near  the  edge  of  Wilkes,  with  a  fall  of  3  or  4  feet.. 
Above  that  there  is  no  power  below  the  mouth  of  the  South  fork,  which  enters  some  20  miles  above  Anthony's 
shoals ;  and  even  above  the  mouth  of  the  South  fork,  although  there  are  a  few  small  shoals,  there  are  no  powers 
of  importance.  Mention  was  made  of  Dedwiler's  shoal.  Thicket's  Ferry  shoal,  Moore's  old  mill,  King's  Ferry  shoal,^ 
Murray's  shoal,  and  of  a  shoal  near  Franklin  springs,  none  of  them  used  or  of  any  consequence.  The  water-power 
of  the  Broad  river,  with  the  exception  of  that  at  Anthony's  shoal,  seems  to  be  of  little  value. 

The  South  fork,  or  South  Broad,  has  a  few  powers  worth  mentioning.  A  mile  or  two  above  its  mouth  is- 
Eberhart's  mill,  at  Fogg's  shoal,  where  the  fall  is  considerable.  The  stream  flows  over  a  ledge  of  rock,  and  the  total 
fall  is  said  to  amount  to  80  feet  in  a  distance  of  a  mile.  The  banks  are  high,  but  not  bluffy.  A  log  at  the  head  of 
this  shoal  turns  the  water  into  a  race  100  feet  long,  which  conveys  it  to  a  grist-mill,  where  the  fall  used  is  between 
20  and  30  feet.  This  shoal  is  a  good  one,  but  the  power  is  small.  Four  miles  above  is  a  similar  shoal,  a  quarter  of 
a  mile  long,  with  a  fall  of  some  25  or  30  feet,  used  by  Watson's  grist-mill.  There  are  other  precipitous  falls  on  small 
streams  in  the  neighborhood.  Hudson  river  is  said  to  have  no  power  except  near  its  headwaters.  Middle  Broad 
river  has  no  mills.  Near  its  mouth  the  country  is  said  to  be  very  broken,  and  it  is  probable  that  the  stream  is  shoaly 
for  several  miles  above  its  junction  with  the  North  Broad.  Above  that  the  stream  has  a  good  deal  of  bottom-land 
and  low  banks  along  its  course,  subject  to  frequent  overflow.  The  North  Broad  has  several  mills,  but  no  great  falls,, 
the  power  at  the  mills  being  in  all  cases  obtained  with  high  dams.  This  fork,  like  the  previous  one,  has  generally 
low  banks  and  large  areas  of  bottom-land  overflowed  in  times  of  high  water.  As  regards  the  flow  of  these  streams 
detailed  estimates  are  not  necessary.  I  would  judge  that  the  three  forks  and  the  Hudson  might  be  depended  upon 
at  their  mouths  for  at  least  0.18  to  0.22  cubic  foot  per  second  per  square  mile  during  the  low  season  of  very  dry 
years  and  0.26  to  0.32  during  the  low  season  of  ordinary  years.  The  drainage  areas  having  been  previously  given,, 
the  power  can  be  easily  calculated. 

The  next  tributary  of  the  Savannah  is  Eocky  river,  which  rises  in  Anderson  county.  South  Carolina,  and  flows 
nearly  south,  entering  the  Savannah  in  Abbeville,  just  at  the  head  of  Trotter's  shoals.  Its  length  in  a  straight 
line  is  about  40  miles,  and  its  drainage  area  241  square  miles.  It  passes  within  a  few  miles  of  Anderson  Court-house, 
and  its  elevation,  where  it  is  crossed  by  the  Greenville  and  Columbia  railroad,  about  2  miles  east  of  that  place,  is 
669  feet  above  tide,  while  at  the  crossing  of  the  Savannah  Valley  railroad,  3  miles  below  LowndesvUle,  it  is  356  feet. 
The  general  character  of  its  drainage-basin  is  similar  to  that  of  Little  river,  South  Carolina,  but  there  are  fewer 
bottoms  than  on  the  latter  stream,  the  banks  are  higher,  and  the  rises  more  sudden.  The  stream  offers  considerable 
power,  but  is  used  only  for  grist-  and  saw-mills.  The  flow  is  quite  variable— more  so  than  that  of  Little  river.  The 
first  power  on  the  stream  is  at  the  mouth ;  but  from  all  I  could  learn  the  fall  is  small  and  the  power  of  little  value, 
although  formerly  there  was  a  mill  there.  The  stream  at  this  place  is  about  90  feet  wide.  The  next  power  above  i» 
a  grist-mill,  with  12  feet  fall,  3  miles  from  the  mouth  of  the  stream.  Above  it  are  four  more  miUs  in  Abbeville  county, 
one  of  which  (Burdett's),  5  miles  northeast  of  Lowndesville,  is  situated  on  a  fine  shoal,  the  fall  being  stated  at  47^ 
feet  in  1,500.  The  mill  uses  31  feet  and  a  small  amount  of  power.  There  are  no  important  sites  not  used  m 
AbbevUle  county.  In  Anderson  county  there  are  three  grist-mills  with  small  falls.  They  are  troubled  sometimes 
for  want  of  water,  but  the  dams  are  not  tight.  There  are  also  two  sites  not  used  in  this  county:  the  lowest  one, 
not  far  from  the  county-line,  known  as  Lee's  shoal,  with  a  natural  fall  of  10  feet  in  a  short  distance,  capable  of 

'        « In  a  letter  of  recent  date  Mr.  Thompson  writes  that  he  has  measured  the  fall  with  a  spirit-level  and  finds  it  to  be  over  70  feet. 
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ibeing  increased  to  15 ;  and  the  upper  one,  known  as  High  shoals,  G  miles  above  the  first,  a  mile  above  the  mouth  of 
Broadaway  creek  and  5  miles  from  Anderson  Court-house,  with  38  feet  fall  in  200  yards,  not  capable  of  being 
increased. 

The  remaining  tributaries  of  the  Savannah  below  the  junction  of  the  Seneca  and  Tugaloo  are  not  of  much 
importance.  Beaverdam  creek,  from  Elbert  county,  Georgia,  which  enters  nearly  opposite  the  Eocky  river,  is  well 
utilized  by  grist-mills,  there  being  no  fewer  than  nine  mills  on  it,  although  its  length  is  only  about  30  miles  in  a 
straight  line,  and  its  drainage  area  183  square  miles.  The  mills  have  falls  of  from  12  to  20  feet.  At  Gray's  mill, 
the  second  as  the  stream  is  ascended,  although  only  about  10  feet  fall  is  used,  the  total  fall  of  the  shoal  is  stated  to 
be  nearly  25  feet  in  a  distance  of  a  mile.  At  Flat  shoals,  some  25  miles  from  the  mouth  of  the  stream,  there  is  a 
fall  of  about  18  feet,  not  used,  and  at  several  other  places  there  is  unutilized  power.  Near  its  mouth  the  stream  will 
run  2  pair  of  stones  all  the  year  with  a  fall  of  10  feet  and  a  good  motor.  The  other  tributaries  to  the  Savannah — 
Coldwater  and  Cedar  creeks,  from  Georgia,  and  Little  and  Big  Generostee  creeks,  from  South  Carolina — aU  have 
:Shoals  and  afford  small  powers.  The  last-named  drains  about  75  square  miles,  and  has  two  shoals,  known  as  Hard- 
Scrabble  and  Hamilton  shoals,  the  former  only  a  quarter  of  a  mile  from  the  mouth,  with  an  available  fall  of  16 
feet  at  the  mill  and  considerable  fall  above  and  below  not  utilized. 

THE  TUGALOO  ElVEE. 

This  stream,  one  of  the  two  headwaters  of  the  Savannah,  is  formed  on  the  line  between  Georgia  and  South  Carolina 
Tjy  the  union  of  the  Tallulah  and  Chatuga  rivers,  the  former  of  which  rises  in  Eabun  county,  Georgia,  and  Macon 
•county,  North  Carolina,  and  flows  in  a  general  southeasterly  direction  through  Eabun  county,  draining  an  area  of 
155  square  miles,  and  the  latter  of  which  rises  in  Jackson  county,  North  Carolina,  and  flows  in  a  southwesterly 
■direction,  forming  the  boundary -line  between  Georgia  and  South  Carolina,  and  draining  an  area  of  about  294  square 
miles.  The  Tugaloo  flows  in  a  southeasterly  direction  between  the  two  states,  its  length  being  about  35  miles  in  a 
straight  line  and  49  by  the  course  of  the  stream,  and  its  total  drainage  area  at  its  mouth  being  870  square  miles, 
•or  421  square  miles  exclusive  of  the  Chatuga  and  the  Tallulah.  Its  principal  tributaries  are  :  from  South  Carolina, 
Big  Beaverdam,  Choestoe,  and  Chauga  creeks,  the  last  draining  71  square  miles;  and  from  Georgia,  Shoal,  Toccoa, 
and  Panther  creeks,  all  small  streams. 

The  drainage-basin  of  the  Tugaloo  river  proper  has  no  peculiarities  that  have  not  been  already  referred  to  in 
■describing  the  middle  and  western  divisions  of  the  southern  Atlantic  water-shed  in  the  introduction.  There  is 
some  limestone  in  the  upper  part  of  the  basin.  The  river  flows  over  a  rocky  bed,  broken  in  places  by  shoals,  but 
by  none  of  importance  except  in  the  last  8  miles  of  its  course.  Its  declivity  is  gradual,  and  its  water-power  not  of 
much  value.  It  is  bordered  by  considerable  tracts  of  fertile  bottom-land,  sometimes  overflowed,  although  the 
fi-eshets  were  not  stated  to  be  very  violent.  The  elevation  of  the  stream  at  the  crossing  of  the  Atlanta  and 
■Charlotte  Air-line  railroad,  about  36J  miles  from  its  mouth,  is  about  638  feet,  while  that  of  its  mouth  is  400  feet; 
so  that  the  fall  is  238  feet  in  36 J  miles,  or  at  the  rate  of  6 J  feet  per  mile.  The  rainfall  in  the  whole  drainage-basin 
is  about  56  inches — 15  in  spring,  15  in  summer,  10  in  autumn,  and  16  in  winter.  There  are  no  records  of  gaugtags. 
The  stream  is  not  very  accessible,  as  will  be  seen  from  the  map,  the  nearest  railroad  point  to  the  mouth  being 
Hartwell,  5  miles  distant,  while  the  Atlanta  and  Charlotte  Air-line  railroad  crosses  the  river  almost  at  right 
angles. 

There  is  not  a  mill  on  the  stream,  and  there  are  only  a  few  places  suitable  for  power.  The  first  site  is  Hatton's 
shoal,  one  and  a  half  miles  long,  with  a  fall  of  39  feet,  as  ascertained  by  the  barometer.*  The  foot  of  this  shoal  is 
about  2J  miles  above  the  mouth  of  the  stream,  and  its  head  is  just  below  the  mouth  of  Beaverdam  creek.  The 
width  of  the  stream  at  the  foot  is  150  feet,  but  in  the  course  of  a  quarter  of  a  mile  it  widens  to  1,400  feet,  and  the 
water  is  very  shallow.  At  one  point  there  is  a  perpendicular  fall  of  2  feet,  but  the  fall  is,  with  this  exception, 
•quite  gradual.  The  country  is  quite  broken  from  the  mouth  of  the  river  up  to  above  the  shoal,  and  at  the  shoal 
itself  the  banks  are  quite  high,  especially  on  the  South  Carolina  side,  so  that  a  canal  could  be  built  only  with  great 
difliculty  on  this  side.  The  Georgia  side  is  more  favorable,  and  could  probably  be  canaled ;  but  I  had  no  opportunity 
to  examine  the  site  thoroughly.  There  was  once  a  mill  near  the  foot  of  the  shoal  on"  the  Georgia  side  with  a 
wing-dam  and  a  fall  of  5  or  6  feet,  the  banks  being  tolerably  low  on  that  side  for  half  a  mile  or  so.  The  drainage 
area  above  the  shoal  being  about  845  square  miles,  I  have  estimated  the  power  as  in  the  table,  p.  137.  It  must  be 
remarked,  however,  that  the  fall,  as  determined  by  the  barometer,  is  so  liable  to  error,  that  little  dependence  is  to 
be  placed  on  the  result;  and  it  was  thought  by  persons  acquainted  with  the  river  that  the  fall  does  not  amount  to 
39  feet. 

*  Annual  Beport  of  Chief  of  Engineers,  1879,  p.  754. 
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Table  of  power  on  Haitori's  shoals,  Tugaloo  river. 


state  of  flow  (see  pages  18  to  21). 


Minimum .. 

Minimum  low  season 

Maximum,  with  storage. 
Low  season,  dry  years — 


Drainage 
area. 


Sq.  Tniles. 


Fall. 


Feet. 


Flow  per     ITor.su-power  avai 
second.  gross. 


iliiblOp 


l/ootfall. 

24 

29 

105 

33 


Sd/eetfall. 

936: 

1,131 

4,095- 

1,28T 


*  As  determined  by  barometer. 

The  next  shoal  is  Guest's,  the  fall  being  stated  at  17  feet  in  a  mile,  as  found  by  the  barometer.  This  shoal  was 
stated  to  be  of  little  value  for  water-power.  lu  the  table  on  page  131  is  an  estimate  of  the  power,  assuming  the 
fall  at  17  feet. 

As  the  mountains  are  approacheil  the  fall  of  the  stream  becomes  more  raj^id,  and  for  a  mile  and  a  half  below 
the  junction  of  the  Chatuga  and  the  Tallulah  the  fall  is  at  the  rate  of  30  feet  to  the  mile.*  The  country  is  rough  here, 
the  banks  abrupt,  and  the  site  inaccessible.    Its  value  for  manufacturing  is  probably  small. 

The  width  of  the  Tugaloo  is  310  yards  at  its  mouth,  50  yards  above  Guest's  shoal,  40  yards  at  the  crossing  of 
the  Atlanta  and  Charlotte  Air-line  railroad,  and  irtO  yards  at  the  junction  of  the  Chatuga  and  the  Tallulah. 

There  is  some  power  on  a  few  of  the  tributaries  of  the  Tugaloo,  although  it  is  not  extensive.  Little  Beaverdam 
creek,  which  enters  at  the  mouth  from  South  Carolina,  has  one  power  at  its  mouth,  where  there  used  to  be  a  yarn- 
mill,  using  the  Clement  attachment,  but  the  power  is  now  used  for  a  saw-  and  grist-mill.  The  fall  used  is  20  feet, 
but  it  could  be  increased  to  2.5  or  30  feet  by  raising  the  dam.  The  power,  however,  is  very  small,  not  over  25  to  30 
horse-power  in  a  low  season.  Big  Beaverdam  creek,  which  enters  at  the  head  of  Hatton's  shoals,  has  a  large  fall 
near  the  mouth,  said  to  be  65  feet  or  more  in  a  mile,  and  at  one  place  almost  30  feet  in  one  pitch.  This  stream, 
however,  is  also  small,  and  in  dry  weather  will  give  probably  not  over  one  horse-power  per  foot  fall.  Shoal  creek,. 
Georgia,  enters  10  miles  above  Guest's  shoal,  and  has  several  shoals  and  mills,  including  one  cotton-mill,  a  mile  or 
so  from  the  mouth,  using  26  feet  fall  and  15  or  20  horse-power.  The  falls  on  the  creek  are  large,  Parker's  grist- 
mill having  a  fall  of  16  feet,  and  his  wool-carding  mill  a  fall  of  20  feet.  Choestoe  creek,  from  South  Carolina,  is  a 
similar  stream,  but  its  water-power  is  not  so  extensive.  Chauga  creek,  from  South  Carolina,  is  a  more  considerable 
stream,  and  enters  2^  miles  below  the  railroad  crossing.  It  drains  about  71  square  miles,  accortting  to  the  map 
used,  which,  however,  is  inaccurate.  The  stream  has  little  bottom-land,  and  is  subject  to  heavy  freshets,  which 
sometimes  rise  very  suddenly.  The  first  power  on  it  is  Gilmer's  mill,  half  a  mile  above  the  railroad  and  one 
and  a  half  miles  from  Fort  Madison,  with  a  fall  of  about  12  feet.  Farther  up  are  other  sites,  and  near  its  head  is- 
a  faU  of  60  feet  in  one-fourth  of  a  mile.  On  its  upper  waters  are  a  number  of  precipitous  descents,  but  of  no 
value  for  water-power.  One  little  tributary  to  the  Tugaloo  above  the  Chauga  has  a  perpendicular  fall  of  60  feet 
near  its  mouth;  and  on  Toccoa  creek,  a  very  small  stream,  draining  25  or  30  square  miles,  are  the  famous  Toccoa- 
falls,  where  the  stream  falls  183  feet  perpendicularly.  The  place  is  much  frequented  by  tourists,  but  the  water- 
power  is  of  no  practical  value. 

The  Chatuga  river  is  a  mountain  stream,  with  considerable  fall,  and  no  doubt  numerous  sites  for  power, 
but  nothing  could  be  learned  of  any  particular  ones.  Its  flow  is  subject  to  great  fluctuatio  ns,  and  its  inaccessibility 
renders  its  water-power  of  small  value.  It  is  150  yards  wide  at  its  mouth,  with  very  precipitous  banks,  and  the 
surrounding  hills  are  from  800  to  1,000  feet  high. 

The  Tallulah-river  is  similar  in  character  to  the  Chatuga.  The  Tallulah  falls,  about  15  miles  from  Toccoa  city, 
on  the  railroad,  and  10  miles  above  the  mouth  of  the  stream,  is  a  noted  place  of  resort,  and  one  of  the  wildest  and 
most  picturesque  spots  in  the  state.  The  stream  flows  through  a  narrow  gorge,  with  very  high  banks,  and  descends 
in  a  series  of  pitches  (four  of  which  have  perpendicular  heights  of  from  50  to  80  feet),  falling,  it  is  said,  500  or  GOO 
feet  in  a  mile.  Its  width  varies  from  15  to  100  feet.  At  the  head  and  the  foot  of  the  falls  the  banks  are  of  ordinary 
height,  but  in  the  intermediate  distance  they  are  from  200  to  800  feet  high,  rising  almost  perpendicularly  from  tlie  bed 
of  the  stream,  and  rendering  the  utilization  of  the  water-power  quite  impracticable.  There  are,  in  fact,  only  two  or 
three  places  where  it  is  at  all  possible  to  descend  to  the  bed  of  the  stream,  and  these  are  the  beds  of  small  rivulets 
emptying  into  the  river,  t  The  drainage  area  above  these  falls  is  about  147  square  miles,  so  that  I  would 
estimate  the  flow  in  the  low  season  of  ordinary  years  at  about  44  cubic  feet  per  second,  corresponding  to  5  horse- 
power per  foot  fall.  The  theoretically  available  power  is  therefore  large,  but  practically  the  power  is  of  no  value. 
The  romantic  beauty  and  wildness  of  this  place  is  said  to  be  beyond  description,  and  its  praises  are  sounded  by  all 

who  have  visited  it. 

Before  leaving  the  Tugaloo  river,  it  is  to  be  mentioned  that  its  headwaters  are  not  far  distant  from  those  of 
the  Hiawassee,  a  navigable  branch  of  the  Tennessee,  and  that  it  is  proposed  to  open  a  line  of  water  communication 
between  the  Atlantic  coast  and  the  West  by  connecting  the  two  streams  by  a  canal. ^ 


*  Annual  Report  of  Chief  of  Engineers,  1879,  p.  755. 
t  White's  statistics  of  tlie  state  of  Georgia,  1849. 
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THE  SENECA  EIVEE. 

This  river,  with  the  Tugaloo,  makes  up  the  Savannah,  and,  like  so  many  streams  in  this  part  of  the  country, 
is  formed  by  the  junction  of  two  smaller  streams — the  Keowee  river  and  Twelve-Mile  creek  (or  river) — which  unite  on 
the  line  between  Oconee  and  Pickens  counties.  South  Carolina.  The  Keowee  has  its  headwaters  in  the  mountains 
of  Jackson  county,  North  Carolina,  and  pursues  a  southerly  course  between  the  two  counties  above  mentioned, 
draining  an  area  of  about  405  square  miles,  while  Twelve-Mile  creek  rises  in  the  northern  part  of  Pickems 
county,  and  flows  a  little  west  of  south,  draining  about  118  square  miles.  From  the  junction  of  these  two  the 
Seneca  flows  in  a  general  southerly  direction,  its  length  being  nearly  20  miles  in  a  straight  line,  and  the  total  area 
■drained  being  908  square  miles,  or  385  square  miles  exclusive  of  the  basins  of  the  two  headwaters.  It  receives  as  its 
principal  tributaries:  from  the  east,  Deepcreek,formed  by  the  union  of  Twenty-three  Mile  and  Twenty-six  Mile  creeks, 
and  draining  150  square mUes,  and  Eighteen-Mile  creek,  draining  49  square  miles ;  and  from  the  west,  Conneross  creek, 
draining  about  93  square  miles.  The  character  of  the  drainage-basin  is  similar  to  that  of  the  Tugaloo,  except  that 
there  are  perhaps  more  bottom-lands,  the  banks  being  generally  rather  low.  It  is  said  not  to  rise  so  suddenly  or 
so  high  as  the  Tugaloo ;  and,  like  that  stream,  it  has  not  a  single  mill.  The  stream  is  crossed  nearly  at  right- 
angles  just  below  the  junction  of  its  headwaters  by  the  Atlanta  and  Charlotte  Air-line  railroad,  and  several  miles 
below  by  the  Blue  Eidge  railroad.  The  fall  of  the  stream  averages  between  7.3  and  8.75  feet  per  mile,  if  its  lengtli 
is  assumed  at  25  or  30  miles.  Its  elevation  at  its  head  is  619  feet,  and  at  its  mouth  400.  The  rainfall  is  the  same 
^s  in  the  basin  of  the  Tugaloo. 

There  are  several  small  shoals  on  the  stream,  but  only  one  of  importance.  There  is  a  small  shoal  at  the 
mouth,  with  a  fall  of  3  or  4  feet,  capable  of  being  increased,  and  another  similar  one  at  Earle's  bridge,  ^  miles 
above;  but  the  principal  one  is  Portman's  shoal,  5  miles  from  the  mouth,  just  below  the  mouth  of  Eighteen-Mile 
creek,  and  just  above  the  mouth  of  Deep  creek,  and  of  which  the  shoal  at  Earle's  bridge  is  simply  a  continuation. 
This  shoal  is  the  most  important  one  in  the  vicinity,  and  is  now  entirely  unimproved,  although  some  years  ago  a 
small  amount  of  power  was  used  for  iron  works.  There  is  said  to  be  an  abundance  of  high-grade  iron  ore  in  the 
vicinity,  but  a  great  scarcity  of  fuel,  and  no  lime  within  ten  miles.  For  my  information  regarding  these  shoals  I 
am  indebted  to  Major  T.  B.  Lee,  civil  and  hydraulic  engineer,  of  Anderson,  who  owns  the  shoals,  or  a  part  of  them. 
The  total  fall  is  about  60  feet  in  a  distance  of  2  miles,  but  there  is  no  prominent  fall,  except  at  the  lower  end,  where 
there  is  in  one  ]Aace  a  natural  fall  of  9  feet  in  a  short  distance.  A  dam  6  feet  high  and  a  race  of  500  yards  long  would 
give  a  fall  of  20  feet  with  a  favorable  building  location,  and  a  dam  10  feet  high,  with  a  race  of  800  yards  long,  would 
afford  a  fall  of  30  feet.  The  dam  would  be  about  600  feet  long,  and  there  is  in  the  imm  ediate  vicinity  an  abundance 
of  material  for  buildiug.  The  bed  of  the  stream  is  rock  and  gravel,  and  the  banks  favorable  for  canals  and  for 
building,  except  in  a  few  places,  where  the  banks  are  blu%^.  This  shoal  is  10  miles  from  Anderson  and  6  miles 
from  the  Blue  Eidge  railroad.    A  new  railroad  is  said  to  be  projected,  which  will  pass  less  than  a  mile  from  the  place. 

The  drainage  area  above  being  about  740  square  miles,  I  have  estimated  the  power  as  in  the  following  table: 

Table  of  flow  and  power  at  Portman's  shoals. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


Tall. 


Flow  per 
second. 


Horse-power  availaUe,  gross. 


Mmimnm 

Mim'TTinTn  low  Season  . . 
Maximum,  with  storage 
Low  season,  dry  years  . 


Sq.  milei. 


740 


Feet. 


Ifoot/aU, 
21.5 
28.4 
93.7 
32.5 


20  feet /cUl. 

430 

570 

1,875 

650 


60  feet  fall. 
1,290 
1,700 
5,000 
1,950 


It  must  be  especially  mentioned  here  that  Major  Lee,  who  is  an  engineer  of  eminence  and  of  long  experience, 
and  well  acquainted  with  the  country,  writes  that  "  1,000  cubic  feet  of  water  per  second  all  the  year  round — two- 
thirds  of  the  year  double  this  flow — is  to  be  had  ".  I  do  not,  however,  understand  this  result  to  be  based  on  a 
continued  series  of  gaugings,  but  I  have  thought  best  to  call  attention  to  it,  and  to  the  differences  between  this  and 
the  estimates  in  the  table  above.  I  have  in  many  places  sufficiently  emphasized  the  fact  that  the  latter  must  be 
liable  to  many  errors ;  and  I  must  further  state  here  that  just  in  this  part  of  the  state  of  South  Carolina  I  have 
discovered  a  number  of  errors  in  the  map  I  have  used.  I  can  scarcely  think,  however,  that  the  measurement  of 
the  drainage  area  is  tu  error  by  more  than  10  per  cent.,  and  even  if  my  estimates  are  increased  by  that  fraction  they 
will  still  be  very  much  less  than  Major  Lee's.  As  for  my  method  of  making  the  calculation,  I  have  already  said 
enough  in  the  tatroduction,  and  on  pages  107  and  108.  Major  Lee  states  that  there  are  facilities  on  the  upper 
Seneca,  as  well  as  on  the  Saluda,  for  the  construction  of  storage-reservoirs.  It  is  therefore  possible  that  the 
maximum  power,  with  storage,  might  be  rendered  practically  available,  and  it  might  even  be  possible  to  concentrate 
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the  power  to  some  extent  into  working  Lours.  This  power,  situated  in  a  flue  cotton-growing  country  (Anderson 
oounty  produced  last  year  40,000  bales,  according  to  Major  Lee),  Laving  a  LealtLy  and  salubrious  climate,  is  worthy 
the  attention  of  capitalists. 

Above  Portman's  shoals  there  are  a  few  small  shoals  on  the  Seneca,  but  none  of  value.  Hen  shoal, 
sometimes  spoken  of,  has,  according  to  Major  Lee,  only  a  tall  of  a  few  feet.  It  is  just  above  the  month  of  the 
Conneross,  6  miles  from  Pendleton  and  11  miles  from  Seneca. 

Estimates  of  the  total  theoretical  power  of  the  Seneca,  and  other  streams  tributary  to  the  Savannah,  are  not 
given,  because  they  would  have  no  value,  on  account  of  such  a  small  proportion  of  that  power  being  practically 
available. 

'J'lUBUTARIES   OP   THE   SENECA   KIVER. 

The  power  of  the  tributaries  of  the  Seneca  is  of  more  importance  than  that  of  the  main  stream  if  Portman's 
shoals  are  not  considered.  Tlic  first  tributary  is  Deep  creek,  which  enters  just  below  the  shoal  just  named,  draining 
150  square  miles,  and  formed  by  the  union  of  Twenty -three  Mile  and  Twenty-six  Mile  creeks.  It  is  a  deep  and  sluggish 
stream,  with  no  power  whatever.  Twenty-six  Mile  creek  is  a  small  stream,  entirely  in  Anderson  county,  and  drains 
some  50  square  miles.  Above  Centrcville  it  is  very  flat,  with  small  fall  and  low  banks.  The  bed  is  sand,  mud,  and 
gravel,  the  banks  clay,  and  the  course  of  the  stream  tortuous.  At  and  Jiear  Centreville,  which  is  2  miles  from  its 
mouth  (junction  with  Twenty-three  Mile  creek),  the  stream  falls  quite  suddenly,  and  for  the  rest  of  its  course  flows 
considerably  below  the  general  level  of  the  surrounding  country.  There  are  two  grist-mills  on  the  stream  above 
Centreville,  and  one  at  that  place  using  a  fall  of  14  leet ;  but  the  available  fall  is  said  to  amount  to  26  feet,  which 
could  be  utilized  by  building  a  dam  higher  up.  The  place  is  favorable  for  building,  and  the  power  is  a  good  one, 
though  small.  The  tributaries  near  Centreville  have  large  falls  near  their  mouths ;  for  example,  on  Emery  creek 
there  is  a  fall  of  60  feet,  and  on  Hurricane  creek  a  similar  one.  Twenty-three  Mile  creek  is  considerably  larger 
than  the  last,  draining  87  square  miles  or  thereabout.  It  Las  its  sources  in  Pickens  and  Anderson  counties.  TLe 
upper  part  is  flat,  like  the  stream  last  described,  and  its  general  character  is  the  same;  while  on  the  lower  part 
there  are  several  powers.  Descending  the  stream,  the  first  power  is  at  Pendleton  cotton  factory,  where  the  fall  is  25 
to  30  feet.  I  have  received  no  information  regarding  the  power,  but  it  probably  does  not  exceed  60  horse-power.* 
Below  it  is  Burns'  shoal,  not  used,  where  a  dam  15  or  20  feet  high  could  be  built  without  interfering  with  the  factory 
above,  and  that  amount  of  fall  utilized.  Below  is  a  grist-mill,  with  a  fall  of  6  feet,  although  14  could  be  got,  with  a 
good  building-place.  The  country  is  high  and  rocky  on  each  side.  The  lowest  power  on  the  stream  is  a  mill  about 
three-fourths  of  a  mile  from  its  mouth,  where  there  is  a  natural  fall  in  the  stream  of  35  feet  or  more  in  300  yards, 
but  not  a  very  favorable  place  to  build,  and  difficult  of  access.  The  stream  is  very  rapid,  and  shut  in  by  hills  on 
both  sides.  This  fall  corresponds  to  Portman's  shoal  on  the  Seneca,  and  is  probably  caused  by  the  same  ledge  of 
rocks. 

The  next  tributary  is  Eighteen-Mile  creek,  which  enters  the  Seneca  just  above  Portman's  shoal.  It  drains  about 
60  square  miles,  corresponds  in  general  character  with  the  two  streams  last  described,  and  has  no  power  except 
near  its  mouth,  where  there  is  a  mill  with  a  fall  of  12  feet,  and  nearly  twice  as  much  available.  It  is  not  a  note- 
worthy site. 

Conneross  creek,  from  the  west,  is  the  next  tributary.  It  is  about  22  miles  long  in  a  straight  line,  and  drains 
an  area  of  about  93  square  miles,  all  in  Oconee  county,  except  a  few  square  miles  near  the  mouth.  Its  drainage-basin 
is  long  and  narrow,  and  its  fall  rapid.  Its  bed  is  rock,  its  banks  generally  good,  and  it  is  in  all  respects  a  better  stream 
for  water-power  than  the  tributaries  thus  far  named,  except  that  it  may  be  subject  to  heavier  freshets.  The  lowest 
shoal  on  the  stream  is  owned  by  Mr.  J.  B.  Sitton,  of  Pendleton,  and  is  5  or  6  miles  from  the  mouth.  It  is  utilized 
by  a  grist-  and  saw-mill,  using  18  J  feet  fall,  with  a  dam  30  inches  high  and  a  race  80  feet  long.  The  total  available  fall 
is  stated  at  31  feet,  over  a  solid  rock  ledge — there  being  two  falls,  the  lower  one  only  being  used,  and  the  upper  one 
being  only  250  or  300  feet  above.  The  stream  is  about  70  feet  wide,  and  the  banks  favorable.  This  shoal  is 
favorably  located,  and  is  5  miles  from  Seneca,  on  the  Atlanta  and  Charlotte  Air-line  railroad. 

A  mile  and  a  half  above  is  another  large  shoal,  known  as  Swepson's  or  High  shoals,  also  5  miles  from  Seneca. 
It  was  formerly  known  as  Anderson's  mill-site.  The  fall  is  very  large,  amounting,  it  is  said,  to  50  feet  or  more  in 
a  few  hundred  yards.  It  is  said,  however,  to  be  difficult  to  utilize,  on  account  of  the  high  bluffs  on  each  side. 
A  large  reservoir  could  be  formed  above  the  shoals,  but  not  without  overflowing  much  good  land.  Above  this  there 
are  no  large  falls,  except  far  up  the  stream,  where  there  is  in  one  place  a  fall  of  26  feet,  and  probably  there  are  others. 
Major  Lee  states  that  Conneross  creek  is  a  remarkably  constant  stream,  varying  very  little  in  flow  from  season  to 
season.  Estimates  of  power  are  omitted  as  unnecessary.  If  desired,  they  may  be  arrived  at  by  comparing  with 
those  given  for  some  of  the  following  streams. 

Twelve-Mile  creek,  one  of  those  streams  which  unite  to  form  the  Seneca,  is  comprised  entirely  in  Pickens  county, 
and  is  formed  by  the  union  of  three  forks.  As  already  mentioned,  it  drains  an  area  of  118  square  miles.  Its  basin 
is  mountainous  in  the  upper  part,  and  the  three  forks  have  large  falls,  but  are  very  small  streams.    After  leaving  the 

*  Power  stated  at  40  liorse-power  in  statistice  of  cotton-mills. 
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mountains,  the  stream  flows  through  a  level  country  and  resembles  Eighteen-Mile,  Twenty-three  Mile,  and  Twenty- 
six  Mile  creeks,  only  in  this  case  the  country  is  not  quite  so  flat  as  in  the  others,  and  the  banks  are  generally  higher 
and  not  so  subject  to  overflow.  The  stream  is  subject  to  heavy  freshets  and  to  more  sudden  fluctuations  than  the 
others;  its  bed  and  banks  are  rockier,  and  its  fall  greater.  Toward  the  mouth  of  the  stream  the  fall  is  rapid,  and 
there  are  several  powers  worth  mentioning.  The  first  one  met  with  in  ascending  the  stream  is  Winn's,  not  improved,, 
about  2  or  3  miles  from  Central,  on  the  Atlanta  and  Charlotte  Air-line  railroad.  This  shoal  has  a  length  of  about 
one  and  a  quarter  to  one  and  a  half  miles,  with  an  almost  continuous  fall.  In  the  lower  half  mile  the  fall  is  not  less 
than  25  feet,  as  ascertained  with  a  pocket-level,  and  it  is  said  to  continue  at  the  same  rate  to  the  head.  The  shoal 
is,  however,  confined  between  steep  banks,  which  would  present  difiQculty  in  canaling,  although  a  canal  would  be 
practicable  on  the  left  bank.  There  is  building  room  at  the  foot  of  the  shoal.  I  was  unable  to  examine  it  from 
head  to  foot,  but  I  think  that  a  large  fall  could  be  obtained  here,  although  it  might  be  best  to  obtain  it  by  a  dam 
near  the  foot  and  with  a  short  canal.  The  left  bank  is  low  for  100  feet  from  the  river,  but  this  part  is  liable  to 
overflow  to  some  extent,  and  further  back  the  bank  is  exceedingly  steep.  The  river  is  about  125  feet  wide,  and  the 
bottom  is  favorable  for  dams;  so  that  I  think  there  would  be  no  difiiculty  in  developing  the  power.  At  the  head  of 
the  shoal  there  is  an  abrupt  fall  of  10  feet,  known  as  Clayton's  shoals,  used  by  Eobertson's  saw-  and  grist-mill, 
about  three  miles  from  Central.  The  dam  is  only  1^  feet  high  and  175  feet  long,  diagonally  across  the  stream,  and 
the  banks  are  favorable  and  safe.  The  fall  continues  for  one-eighth  mile  above  the  dam,  which  could  be  made  10 
feet  high,  and  a  fall  of  20  feet  used,  if  desired.  The  fall  occurs  over  a  ledge  of  gneiss-rock,  and  the  power  is  an 
escoJlent  one,  though  small.  It  should  be  mentioned  that  about  three-fourths  of  a  mile  or  so  below  is  a  place 
known  as  the  "narrows",  where  the  stream  rushes  swiftly  between  steep  banks,  and  is  very  narrow. 
I  subjoin  an  estimate  of  the  power  at  this  place,  based  on  analogy,  as  an  approximation: 

Table  of  flow  and  power  of  Twelve-Mile  creek. 


state  of  flow  (see  pages  18  to  21). 


MiniTYiTiTn 

MinimTun  low  season 

Maximum,  witli  storage.. 
Low  season,  dry  years. .. 


Drainage 
area. 


Sq.  miles. 


118 


PaU. 


Feet. 


(*) 


Tlow  per 
second. 

Horse-power, 
gross. 

Cubic  feet. 

I  foot  fall. 

15 

1.70 

21 

2.40 

135 

15.40 

24 

2.75 

Hemarks. 


f  Drainage  area  given  is  that  of 
the  stream  at  its  month — too- 
large  for  the  shoal  just  de- 
scribed. 


*  Prohably  in  all  not  less  than  50  to  60. 


If  the  stream  is  fed  extensively  by  springs,  its  flow  will  be  larger  in  dry  seasons.  In  ordftiary  years  it  would 
afford  in  the  low  season,  according  to  the  above  estimate,  3J  horse-power  per  foot,  and  two  or  three  times  as  much 
for  nine  months  of  the  year.  It  may  be  remarked  that  the  flow  of  Conneross  creek  would  probably  not  differ  much 
from  that  of  the  one  under  consideration. 

Half  a  mile  above  Eobertson's  mill  there  is  a  small  shoal  with  a  fall  of  about  5  feet,  and  then  the  stream  ig- 
sluggish  for  over  a  mile,  when  we  come  to  a  second  shoal,  extending  for  a  quarter  of  a  mile  or  more,  at  the  head  of 
which  is  Hunter's  mill,  with  a  dam  5  or  6  feet  high  and  a  fall  of  11  feet,  and  no  race.  Above  this  there  are  no 
shoals  for  8  miles,  where  the  stream  is  so  small  that  it  is  not  necessary  to  particularize  further.  The  estimates 
given  above  are,  I  think,  rather  too  small,  and  it  would  seem  as  though  the  streams  in  this  vicinity  were  subject  to 
smaller  variations  in  volume  than  would  be  expected.  I  have  already  referred  to  the  constant  flow  of  Conneross 
creek,  and  it  is  probable  that  this  stream  is  similar  in  that  respect.  I  was  told  at  Hunter's  mill  that  they  could  run 
four  pair  of  stones  all  the  time.    Data,  however,  are  entirely  wanting  for  an  accurate  estimate. 

The  Keowee  river,  which,  with  Twelve-Mile  creek,  forms  the  Seneca,  has  its  sources  among  the  mountains,  and 
is  formed  by  the  union  of  the  Toxaway  and  the  Big  Estatoe  creeks  in  the  northern  part  of  Pickens  and  Oconee 
counties.  It  flows  south,  and  drains  a  total  area  of  405  square  miles.  The  upper  j^art  of  the  basin  abounds  in 
precipitous  falls  and  cataracts  of  great  beauty,  although  valueless  for  water-power.  The  Whitewater  creek  is  so 
named  on  account  of  its  numerous  cascades ;  and  at  one  jjlace  there  is  a  fall  of  600  feet  in  300  yards,*  with  numerous 
smaller  falls.  On  another  stream  in  the  vicinity  there  is  a  fall  greater  in  height  than  that  of  Niagara  in  one  pitch.* 
Another  small  branch  of  the  Keowee  has  two  falls  of  nearly  50  feet,  each  close  together,  and  200  yards  below  a 
fall  of  80  feet.  Another  has  a  perpendicular  fall  of  130  feet.  The  Keowee  itself — whose  name  is  said  to  mean 
clear  water — is  a  beautiful  stream,  flowing  with  a  gradual  fall  over  a  rock  bed,  and  draining  a  very  picturesque 
valley.  It  is  entirely  unutilized  for  power,  and  I  was  unable  to  learn  of  any  particular  sites,  although  there  must 
be  some.  Among  its  tributaries,  many  of  which  are  utilized  to  some  extent,  the  principal  one  is  Little  river,  a 
stream  rising  in  the  northern  part  of  Oconee  county,  only  a  few  miles  from  the  Chatuga  river,  and  flowing  a  little 
east  of  south  for  a  distance  of  18  or  20  miles,  draining  about  140  square  miles.  It  is  a  good  stream  for  power,  and 
has  several  falls  and  mills  in  various  places.    The  rainfall  on  all  this  upper  part  of  South  Carolina  is  about  the  same 
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as  on  the  drainage-basin  of  the  Tugaloo,  viz,  56  inches— 15  in  spring  and  summer,  10  in  autumu,  and  16  in  winter. 
I  would  therefore  estimate  the  flow  of  the  Little  river  at  its  mouth  about  as  follows : 

Table  of  flow  and  power  of  Little  rivei: 


state  of  flow  (see  pages  18  to  21). 


Horse-power, 
gross. 


Mlnimun 

Minimum  low  season 

Maximnm,  with  stoiage 
Low  season,  dry  years. . . 


The  first  power  on  the  stream  is  Seaburn's  shoal,  a  mile  from  the  railroad  and  the  mouth  of  the  stream,  and 
three  or  four  miles  from  Seneca.  It  was  formerly  used  by  a  saw-mill,  but  is  now  unimproved.  The  fall  is  13J  feet, 
which  could  be  used  with  a  canal  800  feet  long,  very  easy  to  cut.  The  proper  location  for  a  mill  is  on  the  left  bank, 
at  the  foot  of  the  shoal,  the  right  bank  being  steep.  Just  above  this  shoal  Cain  creek,  the  principal  tributary  of  Little 
river,  enters.  Less  than  a  mile  above  is  a  second  unutilized  shoal,  but  I  am  unable  to  state  the  fall.  The  next 
power  is  High  shoals,  a  beautiful  shoal,  where  the  river  falls  over  a  ledge  of  solid  gneiss-rock,  descending  24  feet 
almost  perpendicularly,  with  rapids  above  for  some  distance,  and  a  total  fall  of  about  35  feet.  The  banks  are  high, 
but  very  favorable  for  building,  and  the  power  is  in  all  respects  an  excellent  one.  It  is  used  by  a  tanneiy  on  the 
left  bank,  utilizing  a  fall  of  14  feet  and  15  to  16  horse-power,  with  a  flume  500  feet  long  and  2  feet  square,  and  an 
overshot- wheel,  and  on  the  right  bank  by  a  saw-  and  grist-mill  and  cotton-gin,  using  10  horse-power  and  24  feet  fall. 
The  dam  is  of  wood,  2  to  3  feet  high,  and  125  to  150  feet  long,  extending  in  a  broken  line  entirely  across  the  stream. 
Just  above  this  is  a  fall  of  6  feet  in  500,  and  a  3-foot  dam  at  the  upper  end  of  this  last  shoal,  it  is  said,  would  back  up 
the  water  a  mile  or  over.  The  power  is  9  miles  from  Seneca,  10  miles  from  Walhalla,  and  is  owned  by  Sligh  & 
Woodin,  High  Falls  post-ofi&ce.  The  drainage  area  above  this  shoal  being  not  over  60  or  70  square  miles,  I  should 
estimate  the  power  in  the  low-season  of  dry  and  ordinary  years  at  1.2  horse-power  and  1^  horse-power  per  foot  fall 
respectively,  and  three  times  as  much  during  nine  months.  But  as  my  measurements  of  drainage  areas,  especially 
of  so  small  ones,  are  liable  to  considerable  error,  these  figures  are  not  very  valuable.  Above  these  falls  there  are 
several  others,  one  with  14  feet  fall,  used  by  a  tannery  ;  two  others,  150  yards  apart,  with  falls  of  20  and  16  feet 
respectively,  and  another  right  at  the  foot  of  the  mountains  with  a  fall  of  50  or  60  feet. 

Cain  creek,  the  principal  tributary  of  Little  river,  drains  50  or  60  square  miles,  and  has  one  shoal,  not  used,  with 
40  feet  fall — the  Schroeder  shoal. 

Table  of  utilized  power  on  the  Savannah  river. 


Kame  of  (tream. 

Tributary  to  what. 

State. 

County. 

Kind  of  mill. 

1 

a 

1 

3 

i 

1 
3 

o 

H 

•as 

J" 

Atlantic  ocean 

do 

Miscellaneons  * 

Flour  and  grist 

Saw 

15 

1 
1 

1 
3 

1 
8 
11 

8 
1 
1 
3 
4 
1 
1 
1 
1 
5 
1 
3 
7 
1 
1 

Feet. 

12.0 

8.0 

12.0 

14.5 

19.0 

CO 

72.0 

125.0 

100.0 

9.0 

9.0 

24.0 

30.0 

9.0 

8.0 

8.0 

14.0 

69.0 

10.0 

3,050 
8 

Do 

South  Carolina 

do 

Do 

do 

.    do    

g 

Do      .                  

do 

do 

20 

Do                 

do 

Georgia  ...1. 

Lincoln 

Flour  .ind  grist 

..  do 

32 

Do                                 .               

do 

do 

Elbert 

115 

do 

Saw 

20 

Do 

do 

.  ..do 

B»rke 

Flour  and  grist 

do 

96 

Do 

.  do 

...  do         .            .   .. 

Kichmond 

190 

Do 

do    

..do 

..do 

Saw 

209 

Do 

do             

An 

.  do 

Cotton  factory 

Woolen  

60 

Do    ' 

...do  

46 

do 

do                   

Lincoln 

Saw 

Flour  and  grist 

...do  

4.5 

Do       .     .     ..            

do 

do 

...do  

60 

Do 

do 

do                      

McDuffie 

60 

Do 

do 

do                   

Wilkes 

...  do  

8 

Do 

do 

do 

Warren 

....do  

30 

Do 

do 

do 

Greene 

Saw  and  grist 

15 

do     . 

do        

Flour  and  grist 

Saw 

91 

Do                               ....      ...            .. 

do 

do 

.do 

25 

Do         

do 

do                   

McDuffie 

...do  

Do           

do     . 

do 

...do  

Flour  and  grist ». 

....do  

127.0 
20.0 
12.0 

152 

do 

do 

15 

Do 

do 

do 

...do  

Saw 

12 
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Table  of  utilized  power  on  the  Savannah  river — Continued. 


Name  of  stream. 


Sroad  river  and  tilbntariea. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Other  tributaries  of 

Do 

Do 

Do 

Do 

Do 

Tributaries  of ... .' 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Horse  creek  

Do 

Do 

Do 

Little  river 

Do ; 

Do 

Bocky  river 

Do ; 

Do 

Other  tributaries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Tributary  to  what. 


Savannah. 

do  ... 

do... 

do... 

do  .., 

do... 

do... 

do... 

do  ... 

do  ... 

do  ... 

do  ... 

do... 

do... 

do  ... 

Tugaloo  -. 

do  ... 

do... 

do... 

do... 

do... 

do  ... 

do  .... 

do... 

Savannah. . 

do  ... 

do  .... 

do  .... 

do  .... 

do  ... 

do  .... 

do.-.. 

do  .... 

do  .... 

do... 

do  .... 

do  .... 

do  .... 

do  .... 

do.... 

do.... 

do  .... 

do.... 

do  .... 

do  .... 

do.... 

do  .... 

Seneca 

do.... 

do  .... 

do  .... 

do  .... 

Tugaloo 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

Seneca 

do  .... 

do  .... 

do.... 

do  .... 

do.... 

do.... 


State. 


County. 


Georgia I  Oglethorpe . 

do '  Madison 

do ' do 

do I  Elbert 

do Franklin  ... 

do !...  do 

do ' do 

do :  Banks 

do do 

do I  Wilkes  

do '  Elbert    .... 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

South  Carolina. 
....  do  


do  . 
..do  . 
-do  . 
..do  . 
.do 
.do  . 
.do  . 
.do  . 
.do  . 
-do  . 
.do  . 
.do  . 
.do  . 
.do  . 

do  . 
.do  . 
.do. 
.do. 
.do  . 
.do  . 

do  . 
.do  . 
.do  . 
.do. 
.do. 

do  . 

do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 

do. 

do  . 
.do  . 
.do  . 
.do. 
.do. 


...do    

Hart 

.--.do 

...do  

.-.  do    

...  do  

..  do 

....do  

Habersham. 

....do  

....do  

...  do 

Kabun 

Aiken 

...  do 

....do  

...do...... 

Abbeville... 

....do 

....do  

...do  

.-..do 

Anderson . . . 

Barnwell 

...do  

....do 

Aiken 

....do 

....do 

...do  

Edgefield.... 
....do...;... 

Abbeville... 
....do 

Anderson. .. 

...do  • '. 

...,do    

....do 

....do 

....do  

Oconee 

Anderson  . . . 

...do  

...do  

Oconee 

..    do 

...do  

....do  

....do 

...do  

...  do .-. 

Pickens 

....do  

...do  


Kind  of  mill. 


Flour  and  grist. 

....do 

Saw... 

Flour  and  grist. 

....do 

Saw 

Cotton-gin 

Saw 

Flour  and  grist  . 

..  do 

....do 

Saw 

Flour  and  grist . 

Saw 

Cotton-gin  

Saw 

Flour  and  grist. . 
Cotton  factory . . 
Wool-carding  -  -  - 
Flour  and  grist.. 

Leather 

Saw 

Woolen 

Saw  ..". 

Paper 

Cotton  factory. .. 
Flour  and  grist. . 

Stoneware 

Flour  rnd  grist. . 

Saw 

Flour  and  grist. - 

...do 

Saw 

Flour  and  grist. - 

...do 

Saw  

Cottwn-gin 

...do 

Saw 

Cotton  yara.. 

Flour  and  grist . 

...do 

Saw 

...do  

Flour  and  grist.. 

...do 

Saw 

...do 

Flonr  and  grist . . 

Cotton-gin 

Cotton  factory. - 

Woolen 

Cotton-gin 

Flour  and  grist.. 

Saw 

Flour  and  grist.. 

Saw 

Cotton  factory . . 

Saw 

Leather 

Wheelwright 

Flour  and  grist. 

...do 

Saw 

Cotton-gin 


^ 


Feet. 
10  I'JS.  0 
10  !l45.  0 
5  I  61.0 
3  j  44.  0 

9  ! 

41 


I* 
o    . 


1 
12 
7 


50.0 
83.0 
18.0 
169.  0 
85.0 
6  '  73.  0 
1  !  U.  0 
11  jl94  0 
1  j  14.  0 
8  j  99.  0 

1  j  30.  0 

2  I  27.  0 
I  26.0 
j  20.0 
I  47.0 
,  16.0 
:  46.0 

14.0 
'  38.0 
|ll5.  0 

:6.o 

24.0 

33.0 

9.0 

7.0 


1 
1 
4 
1 
3 
1 
1 
1 
3 
2 

3 
1 
1 
5 
4 
3 
6 
1 
4 
3 
6 
1 
15 
21 


37.0  I 

62.0  I 

54.0  I 

8.0  i 

36.0  I 

23.0  I 
63.0 


175- 

281 

04 

n» 

163 

r,3 
•>o- 

279 
75- 

134 
12 

li;6 
15 
.",0 
10 
4.5 
20 
44 
46 
0 
."8 
6 
8 

.'.on ! 

,200. 
40- 
67 
83 
15- 
12 
112 
53 
69. 
80 
20. 
4a 


144.0 

2!16. 



46.-., 

19.0  1 

32- 

16.0  , 

25 

210.0  ' 

267 

196.0  1 

149 

124.0  1 

06 

56.0  1 

34 

175.  0 

135,. 

94.0 

87.6 

•22.  0 

,155.  0 

2.5.0 

21.  5 

48.0 

C4.  0 

16,0 

16  1287.  0 

14  |277.  0 

4      81.  0 

9    163.0 


40?; 

18 

72. 

loe. 

3,1 

80. 

10, 

10 

45 

42 

7 

226. 

211 

00 
130. 


802 
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X.— THE  OGEECHEE  RIVER  AND  TRIBUTARIES. 


THK  OGEECHEE  lUVER. 

This  stream,  which  is  the  next  one  sonth  of  the  Savimnah  that  lias  any  water-power  worth  mentioning,  rises 
in  Greene  county,  Georgia,  and  flows  soutlicast  through  Taliaferro;  then  between  "Warren  and  Glascock  on  its  left, 
and  Hancock  and  Washington  on  its  right;  thence  through  Jefl'ersou,  finally  forming  the  boundary-line  between 
Burke,  Screven,  Effingham,  and  Chatham  on  its  left,  aud  Emanuel,  Bulloch,  and  Bryan  on  its  right,  and  emptying  into 
the  Atlantic  about  16  miles  below  the  mouth  of  the  Savannah.  Its  lengtli  in  a  straight  line  is  about  160  or  170 
miles,  and  it  drains  a  total  area  of  4,720  square  miles.  Of  this  drainage  area,  however,  by  far  the  greater  part  lies 
below  the  fall-line,  and  offers  no  water-power,  except  here  and  there  on  a  sand-hill  stream.  The  river  crosses  tlu; 
fall-line  between  Hancock  and  Glascock  counties,  and  below  that  point  the  general  character  of  the  drainage  basin 
corresponds  so  closely  to  that  of  the  Savannah  below  Augusta,  of  the  San  tee,  or  of  the  Pee  Dee  below  Cheraw,  that  it 
need  not  be  described.  Above  the  fall-line  the  river  flows,  through  a  rolling  and  hilly  country,  the  bed  being  rock, 
overlaid  between  the  shoals  by  sand,  gravel,  and  clay.  The  bottoms  are  said  to  be  narrow.  The  elevation  of  the 
stream  at  the  crossing  of  the  Macon  and  Augusta  railroad,  at  Mayfleld,  about  8  miles  above  the  fall-line,  is  270  feet, 
so  that  the  fall  from  that  point  to  the  mouth  will  average  about  1.6  feet  per  mile.  The  fall  below  the  fall-line  will 
probably  not  average  1  foot  per  mile,  and  the  stream  could  probably  be  made  navigable  for  some  distance.  It  is 
said  that  boats  used  to  ascend  the  river  as  far  as  Georgetown,  4  miles  below  the  fall-line.  At  present  the  stream 
is  navigable  for  a  distance  of  25  miles  from  its  mouth  for  boats  drawing  16  feet,  and  for  a  distance  of  35  miles  from 
its  mouth  for  boats  drawing  5  feet.  The  average  annual  rainfall  on  the  drainage-basin  above  the  fall-line  is  49 
or  50  inches,  of  which  11  fall  in  spring,  14  in  summer,  10  in  autumn,  and  14  in  winter. 

The  first  power  on  the  stream  is  at  the  fall-line,  known  as  the  Shoals  of  Ogeechee.  They  are  situated  8^  miles 
from  Mayfleld,  which  is  the  nearest  railroad  point,  and  are  above  the  mouth  of  the  Little  Ogeechee.  The  power  is 
utilized  bj"^  a  grist-  and  saw-mill,  with  a  wooden-frame  dam  about  225  feet  long  and  8  or  9  feet  high,  backing  the 
water  IJ  miles,  with  an  average  width  of  150  feet.  The  race  is  300  feet  long,  t;he  fall  utilized  18  feet,  aud  the  power 
perhaps  30  to  40  horse-power,  which  can  only  be  obtained  ten  months  of  the  year  on  account  of  leakage.  The 
shoal  is  of  solid  rock,  and  the  total  available  fall  is  21  or  22  feet  at  low  water.  The  drainage  area  above  the  shoal 
being  about  290  square  miles,  I  have  estimated  the  power  as  follows: 


state  of  flow  (see  pages  18  to  21). 


Mmimum 

Minlmnm  low  season  . . . 
Maximum,  with  storage 
Low  season,  dry  years. . 


Drainage 
area. 


Sq.  milet. 


290 


Fall. 


Feet. 


21 


Flow  per 
second. 


Horse-power  available,  gross. 


1  foot  fall. 
2.8 
4.0 
28.4 
4.5 


li  feet  fan. 
50 
72 
511 
81 


•llftetfaU. 
59 
84 
396 
94 


Four  miles  above  is  D.  A.  Jewell's  cotton  factory,  44  miles  from  Mayfleld.  The  dam  is  a  wooden-frame  dam, 
composed  of  triangular  frames  set  up  and  down  the  stream,  tied  together  and  planked  over  on  the  sloping 
up-stream  side,  and  is  280  feet  long  and  15  feet  high,  50  feet  at  one  end  being  of  stone.  It  backs  the  water  a  mile, 
with  an  average  width  of  150  feet,  and  the  fall  at  the  factory,  which  has  no  head-race  of  any  length,  is  16  feet. 
The  power  utilized  is  150  horse-power,  which  can  only  be  obtained  eight  months  of  the  year,  the  average  during 
the  remaining  four  months  being  two-thirds  or  three-fourths,  and  the  water  gets  so  low  at  times  that  the  wheels  are 
stopped.  During  the  low  season,  steam-power  is  put  on  to  the  extent  of  125  horse-power.  The  mill  is  run  about 
12  hours  in  summer  out  of  the  24,  and  there  is  no  waste  at  night;  and,  in  fact,  the  pond  does  not  fill  up  in  one 
night.    I  have  estimated  the  power  at  this  place  as  follows : 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season 

Maximum,  with  storage  . 
Low  season,  dry  years  . .  - 


Drainage 
area. 


Sq. milet. 


FaU. 


Feet. 


16 


Flow  per 
second. 


Horse-power  available, 
gross. 


1  footfall. 

1.9 

2.8 

21.5 

3.4 


li  feet  fall. 

45 

340 
54 


The  stream  is  said  to  be  very  variable  in  its  flow,  and  to  get  very  low  in  summer.  Its  absolute  minimum  is 
probably  below  that  given  above.  Mr.  Jewell  states  that  he  stopped  eight  days  once,  and  during  that  entire  time 
his  pond  only  rose  a  few  inches.  According  to  the  above  estimate,  during  nine  months  of  an  ordinary  year  about 
180  horse-power  gross  would  be  obtained,  or  about  130  horse-power  net,  which  is  perhaps  a  little  too  high. 
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Above  the  factory  are  several  small  grist-  and  saw-mills,  most  of  which  have  to  stop  in  summer.  There  are  no 
eit«8  not  used. 

The  tributaries  of  the  stream  are  of  no  consequence.  On  Little  Ogeechee  there  are  two  sites,  both  used  at  one 
time,  but  now  abandoned.    The  stream  is  small,  draining  only  55  square  miles. 

Table  of  power  utilized  on  the  Ogeechee  river. 


Name  of  stream. 

Tributary  to  what. 

State. 

Connty. 

Kind  of  mm. 

□g 

3 

a 
"g 

d 

s 

P." 

Georgifl 

.    do 

2 
2 
1 
1 

1 
1 
2 

JFeet. 

20 

13 

16 

22 

9 

30 

Do  

...do  

Hancock 

--  do 

..  do 

Do 

....do  

..    do 

Do 

....do 

do 

Cotton  factory 

150 

Do 

....do 

do 

TflliilfATT-n 

15 

Tributaries  of 

Ogeechee 

do                             .... 

20 

Do 

.  .  do   

Saw                    

27 

Do 

...do  

5      8R 

20 

Do 

....do  

Saw   

2 
1 
1 
9 
9 

a 

4 

2 
2 
1 

17.5 
•10 
10 
75  f 
82 
21 
60 
23 
42 
9 

24 

Do  

....do 

do 

Screven  

rln                               

8 

Do 

....do  

do 

12 

Do 

do   

117 

Do 

.  .  do 

....do    

189 

,Do 

do     .  . 

....do       

33 

Do 

do 

do    

54 

Do 

An 

Saw 

27 

Do ilo    _..     - 

35'lour  and  grist     

30 

Do 

.  do 

...do       

12 

XI.— THE  ALTAMAHA  RIVER  AND  TRIBUTARIES. 


THE  ALTAMAHA  EIVEE. 

This  river,  with  all  its  tributaries,  lies  entirely  within  the  state  of  Georgia,  and  is  the  most  southerly  stream 
flowing  into  the  Atlantic  whose  water-power  is  worthy  of  special  mention.  It  is  formed  by  the  union  of  the 
Oconee  and  the  Ocmulgee  rivers,  on  the  line  between  Montgomery  and  Appling  counties,  whence  it  pursues  a  south- 
easterly course,  forming  the  boundary-line  between  Tattnall,  Liberty,  and  Mcintosh  counties  on  its  left,  and  Appling, 
Wayne,  and  Glynn  on  its  right,  emptying  into  the  Atlantic  ocean,  through  Altamaha  sound,  just  below  the  town  of 
-Uarien.  Its  length  is  about  75  miles  in  a  straight  line  and  155  by  the  river,  and  its  total  drainage  area  comprises 
Hboiit  14,400  square  miles,  of  which  the  Ocmulgee  drains  ti,000,  the  Oconee  5,400,  and  the  Altamaha  proper  3,000. 
Its  principal  tributary  is  the  Great  Ohoopee,  from  the  north,  draining  about  1,400  square  miles.  The  Altamaha  is 
uavigable  for  its  entire  length  for  boats  drawing  5  feet  of  water,  its  fall  being  very  slight.  There  are  no  important 
towns  on  the  river.  The  mean  rise  and  fall  of  the  tides  in  Altamaha  sound  is  7  feet,  and  the  tidal  wave  is  felt  for 
30  miles  or  so  above  Darien. 

The  Oconee  and  the  Ocmulgee  rivers  will  be  fully  considered  below.  As  regards  the  Altamaha,  its  drainage 
area  lying  entirely  below  the  fall-line,  it  offers  no  power  whatever,  and  the  power  on  its  tributaries  is  not  worth 
mentioning.  Some  of  them  are  sand-hill  streams,  but  none  offer  large  powers.  Near  the  coast,  and  along  the  rivers, 
are  extensive  cypress  swamps,  and  further  inland  there  are  large  pine  forests.  Timber,  turpentine,  rice,  cotton, 
fruits,  and  vegetables  are  the  principal  productions.  The  stream  resembles  the  lower  Savannah,  the  Santee,  or 
Ahe  lower  Pee  Dee. 

.t-j^j,^^  THE  OCONEE  EIVEE. 

'  i  pass  to  the  consideration  of  the  Oconee  and  the  Ocmulgee  rivers,  the  only  ones  regarding  whose  water-power 
anything  is  to  be  said.  The  Oconee  has  its  headwaters  in  Hall  county,  but  the  stream  proper  is  formed  by  the 
union  of  its  two  forks,  the  Forth  and  the  Middle,  which  unite  just  below  the  town  of  Athens,  on  the  line  between 
Clarke  and  Oconee  counties,  whence  the  stream  pursues  a  course  a  little  east  of  south  for  a  distance  of  about  140 
or  150  miles  in  a  straight  line,  draining  a  total  area  of  5,400  square  miles.  It  forms  the  boundary-line  between 
Clarke  Oglethorpe  Greene,  and  Hancock  counties  on  its  left,  and  Oconee,  Morgan,  and  Putnam  counties  on  its 
liffht  flows  through  Baldwin,  and  between  Wilkinson  on  its  right  and  Washington  and  Johnson  on  its  left,  and 
finally  through  Laurens  and  Montgomery,  to  join  the  Ocmulgee.  The  only  town  of  importance  on  the  stream  is 
M  illedgeville,  near  which  place  it  crosses  the  fall-Une.  The  drainage  area  above  this  point  being  about  2,973  square 
anile>«.  it  will 'be  seen  that  nearly  half  of  the  total  area  drained  by  the  river  offers  no  water-power  of  importance. 
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There  is  a  navigable  depth  of  5  feet  up  to  the  Central  railroad  bridge,  135  uiiks  tiom  the  mouth  of  the  .strcan 
In  White's  Statistics  of  Georgia  it  is  stated  that  a  boat  CO  feet  long  once  ascended  to  Bainett's  shoals,  8  niih 
below  Athens,  but  that  no  produce  had  ever  been  carried  above  Milledgevillc  An  examination  of  the  river  up  f 
that  town  was  made  in  1874  under  the  direction  of  General  Gillmore,  whose  report  may  be  found  iu  the  Anuin 
Report  of  the  Chief  of  Engineers,  1875,  Appendix  U,  and  in  whiiih  improvements  by  the  general  government  wei 
not  recommended,  as  almost  all  the  transport  on  the  river  is  that  of  timber. 

The  accompanying  map  will  show  the  form  and  dimensions  of  the  drainage-basin  of  the  Oconee,  and  of  ii 
principal  tributaries.  The  rainfall  on  the  basin  above  the  fall-line  averages  about  18  or  19  inches— 12  in  spring,  1 
in  summer,  10  in  autumn,  and  14  in  winter.  The  table  on  page  147  gives  more  detailed  information  on  this  subjec 
Some  idea  of  the  declivity  of  the  stream  may  be  obtained  from  the  following  table : 

Table  of  declivity  of  tlie  Oconee  river. 


Place. 


MoTith  of  Altamaha  

Crossing  of  Greorjfia  Central  railroad* 

Crossing  of  Georgia  railroad  (MilledgeTille)t 

Crossing  of  Georgia  railroad  (Angnstato  AUanta)f 

Crossing  of  Nortb-Eastem  railroad  (2  miles  north  of  Atliens,  north  forlt  of  Oconee)  J . . 
Second  crossing  Korth-Eastem  railroad,  2  miles  soathofLulat 


Distance  from 
mouth. 


Elevation  above  ,    Diatanco  be- 
tide, i  tween  pointn. 


— 1B5 

136  ± 
195  ± 
255  ± 
295  ± 
340 


Feel. 

0 
201 
221  ± 
308 
577 
1,205 


MUes. 


290 
60 
60  ± 
40  ± 
45 


Fall  between 
points. 


201  I 

I 
20 

87 

269 

628 


Fall  botweu] 
points. 


Feet  per  miU 

0.' 

0. 

■    1. 


*  For  this  elevation,  and  others  on  the  same  road,  I  am  indebted  to  Mr.  William  Rogers  general  superintendent. 

1  For  these  elevations  I  have  to  thank  Major  Wilkins,  engineer  of  the  road. 

}  These  flgurea  were  furnished  by  Captain  J.  C.  Tamer,  chief  engineer  of  the  road,  at  the  reqnest  of  the  general  superintendent,  Mr.  Lyman  Wells. 

The  declivities  given  in  the  preceding  table  are  of  very  small  value  because  of  the  inaccuracy  in  the  distp.nce 
which  could  only  be  roughly  estimated. 

No  gaugings  of  the  Oconee  are  on  record.  The  flow  is  said  to  be  quite  variable,  and  there  seems  to  be  no  doul 
that  it  fluctuates  to  a  greater  extent  than  in  the  case  of  some  streams  which  have  been  discussed  on  account  i 
the  smaller  rainfall  in  the  warm  season.  The  freshets  are  violent  and  very  sudden.  The  sources  of  the  riv( 
being  east  of  the  mountains,  and  the  soil  clay  or  loam,  the  water  is  shed  quite  rapidly,  and  rises  sometimes  8  ( 
10  feet  in  a  few  hours,  overflowing  its  banks  in  many  places,  and  flooding  large  areas  of  bottom-land.  The  ma 
will  show  how  accessible  the  river  is  in  its  various  parts. 

A  detailed  description  of  the  water-powers  of  the  stream  will  now  be  given. 

Below  Milledgeville  the  stream  is  very  tortuous,  distances  by  river  being  usually  reckoned  at  three  times  thos 
by  land.  The  bed  is  generally  of  sand,  the  banks  of  clay,  and  the  principal  obstructions  to  navigation  are  snags  an 
fallen  trees.  Near  MUledgevOle  occurs  the  first  fall,  there  being  a  series  of  shoals  there  extending  over  a  distanc 
of  5  or  6  miles,  where  the  stream  crosses  the  fall-line.  A  survey  of  these  shoals  was  made  several  years  ago  by  Colon 
B.  W.  Frobell,  of  Atlanta,  who  found  the  fall  between  the  mouth  of  Fishing  creek,  which  empties  into  the  river  fro: 
the  right  just  at  Milledgeville,  and  the  head  of  a  shoal  known  as  Carter's,  to  be  34.2  feet.  The  developmei 
of  this  power  by  leadtag  a  canal  from  the  head  of  Carter's  shoais  down  to  the  city,  rendering  available  a  fall  ( 
between  30  and  40  feet,  has  been  often  proposed,  but  nothing  has  yet  been  done  toward  carrying  out  this  schemi 
At  present  Carter's  shoal  is  used  for  a  cotton-gin,  and  formerly  there  used  to  be  a  grist-  and  saw-mill  there ;  and  jui 
opposite  Milledgeville  there  is  a  grist-mill  with  a  wooden  wing-dam  extending  across  to  an  island,  and  using  a  fa 
of  5  feet.  The  topography  of  the  country  between  Carter's  shoal  and  the  city  is  said  to  be  such  that  a  canal  woul 
be  practicable,  although  there  are  bluffs  in  places.    I  have  estimated  the  flow  and  power  as  follows : 

Table  of  flow  and  power  at  Milledgeville. 


state  of  flow  (see  ptges  18  to  21). 


Draioiage 
area. 


Fall. 


Flow  per 
second. 

Horse-power  available, 
gross. 

OuMcfeet. 

Ifoot/all.        iifeetfall 

r        600 

56. 8                  1,9 

J         650 

73.  8                  2,  5 

]     2, 600 

295.5  1               10,0 

i        740 

84.1  I                 ?,8 

Klinimnm 

tTinimnm  low  season.  ■  ■ 
Uaximtun,  with  storage 
Low  season,  dry  years  . . 


Sq.  miles. 


2,973 


Passing  over  one  shoal,  where  there  is  said  to  be  a  fall  of  3  or  4  feet,  the  next  power  is  at  Praley's  mill,  7  mih 
above  Milledgeville,  where  there  is  an  abrupt  fall  of  5  feet  to  200,  and  about  8  feet  in  one-fourth  of  a  mile,  know 
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as  Cedar  shoal.  A  fall  of  5  feet  if*  used  by  a  mill  on  the  left  bank,  with  a  wing-dam,  mostly  of  rough  rock,  extending 
about  one-third  across  the  stream.  The  available  fall  is  probably  6  or  8  feet.  The  mill  is  stopped  often  on  account 
of  high  water. 

At  Satcher's  shoal,  15  miles  above  MilledgeviUe,  and  above  the  mouth  of  Little  river,  which  enters  from  the 
west,  there  was  formerly  a  grist-mill,  not  now  in  operation,  but  the  fall  is  said  to  be  only  4  or  5  feet.  The  river  is 
narrow,  with  bluffs  on  each  side,  and  the  dam  extends  entirely  across. 

Graybill's  old  mill,  not  in  use  now,  is  said  to  have  a  fall  of  4  or  5  feet. 

Lawrence's  grist-mill  has  a  dam  across  to  an  island  and  no  race.  The  dam  is  said  to  be  6  feet  high,  and  the  fall 
used  6  or  7  feet. 

Eiley's  shoal  is  said  to  have  a  fall  of  7  or  8  feet,  but  it  is  not  improved. 

One  mile  above  is  the  site  of  the  old  L®ng  shoal  factory,  or  the  mill  of  the  Atwood  Manufacturing  Company, 
situated  some  20  or  22  miles  from  Eatonton,  which  is  the  nearest  railroad  point.  The  fall  is  about  12  feet  in  one- 
fourth  of  a  mile,  as  ascertained  with  a  pocket-level,  but  it  could  probably  be  increased  by  a  dam  to  15  or  20  feet,  as 
the  banks  are  said  to  be  quite  steep  for  2  miles  above.  The  banks  at  the  shoal  are  favorable  for  building.  The  old 
factory  was  located  on  the  left  bank,  with  a  wing-dam  extending  for  500  yards  or  so  xxp  the  river,  the  fall  used 
being  about  8  feet.  This  factory  has  not  been  used  since  the  war,  and  at  present  the  only  power  used  is  for  a  grist- 
mill on  the  right  bank,  with  a  dam  only  50  feet  long  and  7  or  8  feet  high,  across  to  an  island  not  subject  to  overiiow, 
at  the  head  of  which  is  a  little  wing-dam  to  turn  the  water  between  the  island  and  the  shore.  The  location  is  safe 
on  either  side  of  the  river,  and  considerable  power  could,  no  doubt,  be  developed  at  this  place.  The  following  table 
gives  my  estimate  : 

Table  of  flow  and  power  at  Long  shoal. 


state  of  flow  (see  pages  18  to  21). 


Miuimtim 

Mmimnm  low  season . . . 
Maxixanm,  "with  storage 
Low  season,  dry  years. . 


Drainage 
area. 


Sq.  miles. 


2,122 


Fall. 


Feet. 


Flow  per 
second. 


€uhicfeet. 


Horse-power  available, 
gross. 


Ifootfatt.    Ufettfall. 


360 

460 

1,860  i 

030  i 


40.9 

52.2 

211.3 

60.0 


490 
625 
2,535 
720    , 


Eeid's  mill-site,  6  or  7  miles  above  this  shoal,  is  not  now  in  use,  the  dam  having  been  washed  out  fifteen  or 
twenty  years  ago,  and  there  being  nothing  there  now.  The  dam  extended  entirely  across,  and  a  fall  of  6  feet  was 
used,  but  there  was  often  difficulty  with  high  water. 

Passing  a  shoal  where  there  is  only  a  small  fall,  said  to  be  2  feet  or  so,  capable  of  being  increased  to  5  feet,  the 
next  power  is  at  Park's  old  mill,  now  used  as  a  grist-mill,  with  four  pair  of  stones,  and  a  fall  of  8  feet.  The  dam  is  of 
wood  and  stone,  350  feet  by  8,  ponding  the  water  for  2  or  3  miles,  with  an  average  width  of  300  feet,  but  without 
throwing  the  river  out  of  its  banks.  The  mill  is  troubled  occasionally  in  times  of  high  water,  but  there  is  never 
trouble  from  lack  of  water.     It  is  2  miles  below  the  crossing  of  the  Georgia  railroad. 

Just  above  the  railroad  the  Oconee  receives  a  large  tributary,  the  Appalachee,  from  the  west.  Three  miles 
above,  at  Willis'  ferry,  there  is  said  to  be  a  small  shoal,  but  of  no  consequence,  the  next  power  worth  mentioning 
being  Scull  shoal,  14  miles  northwest  of  Greensborough,  8  miles*  from  Maxey's,  the  nearest  railroad  point  (on  the 
Athens  branch  of  the  Georgia  railroad),  12  miles  from  Madison,  and  about  15  miles  above  the  railroad  bridge.  It 
is  used  by  the  cotton  factory  and  grist-mill  of  the  Powell  Manufacturing  Company.  The  dam  is  of  wood  and  stone, 
300  feet  long  and  10  feet  high,  and  was  built  about  the  year  1860,  having  never  been  carried  away.  It  ponds  the 
water  for  about  2  miles,  with  an  average  width  of  200  feet.  From  it  a  race  300  or  400  feet  long  leads  to  the  factory, 
where  the  fall  is  10  feet.  The  mill  runs  3,200  spindles,  and  is  never  troubled  with  scarcity  of  water ;  but  it  is  obliged 
to  stop  entirely  during  one  or  two  months  on  account  of  backwater.    No  steam-power  is  used. 

The  next  shoal,  and  the  last  of  importance  on  this  stream,  is  Barnett's  or  Veal's,  8  miles  below  Athens,  aud  the 
finest  shoal  on  the  river.  It  is  popularly  supposed  that  the  fall  amounts  to  60  feet  within  a  distance  of  three- fourths 
of  a  mile.  I  visited  the  place,  and,  although  unable  to  make  any  accurate  observations,  some  rough  measurements 
with  a  pocket-level  rather  inclined  me  to  believe  that  this  figure  is  too  high,  and  that  45  or  50  feet  would  be  nearer 
the  truth.  ISot  all  of  this  fall,  however,  is  easily  available,  on  account  of  the  character  of  the  banks,  which  are 
steep  on  both  sides  on  the  lower  half  of  the  shoal.  At  the  head  a  fall  of  25  feet  could  be  easily  rendered  available 
with  room  for  buildings  on  the  left  bank.  The  bed  of  the  stream  is  rock,  and  at  the  head  a  natural  dam  extends 
entirely  across,  diagonally  down  stream  from  the  left,  bank  to  the  right,  and,  therefore,  not  just  favorable  for  turning 
the  water  to  the  left  bank.  Over  this  ledge  occurs  the  most  rapid  fall,  amounting  to  25  feet  in  about  300  yards. 
The  rest  of  the  fall  would  be  very  difficult  to  utilize  fully  by  canaling,  though  it  probably  could  in  some  way  be 
developed  if  necessary.  The  river  is  about  180  feet  wide  above  the  shoal,  and  very  deep,  and  the  banks  are  low 
and  sandy.    In  a  heavy  freshet  the  river  rises  here  6  or  7  feet,  while  three-fourths  of  a  mile  above  it  rises  17  feet, 

and  on  the  shoal  itself  scarcely  ever  over  3  or  4  feet.    This  shoal  is  at  present  unutilized,  although  it  has  been 

806 


SOUTHERN  ATLANTIC  WATER-SHET). 


1 


proposed  to  establish  a  cotton  factory  there.  It  is  one  of  the  finest  siteH  in  this  part  of  the  state.  Fine  buildi 
stoneis  found  in  the  immediate  vicinity,  the  climate  is  heaJthy,  and  it  is  said  that  a  branch  road  could,  with 
much  difficulty,  be  run  from  the  Georgia  railroad.    The  following  table  will  give  an  idea  of  the  available  power 

Table  of  flow  and  power  at  Barnett's  shoals. 


state  of  flow  (see  pages  18  to  21). 


MinimiMn 

Miniinnm  low  season 

Maximum,  with  storage. 
Low  season,  dry  years  . . 


Horse-power  available,  grot 


25  feet  fall. 

390 

510 

2,560 

685 


Kfeet, 


*  Twenty-five  feet,  easily  available  ;  total,  45  feet  or  more. 


From  what  has  been  said,  it  will  be  seen  that  the  Oconee  does  not  offer  a  remarkable  amount  of  power,  but, 
the  contrary,  that  it  has  few  powers  of  much  importance,  and  none  to  compare  with  the  great  powers  on 
Catawba,  Broad,  and  Tadkin  rivers.     The  following  table  gives  a  summary  of  power,  in  which  it  has  not  bi 
thought  desirable,  on  account  of  uncertainty  of  the  data,  and  the  fact  that  the  estimate  is  of  no  practical  value 
insert  estimates  of  the  total  theoretical  power. 

It  may  be  mentioned  that  in  January,  1827,  the  Oconee  was  frozen  over  near  MilledgeviUe,  and  the  Savani 
at  Augusta — a  circumstance  never  before  known.  In  February,  1835,  the  thermometer  fell  to  3°  below  zero 
Eatonton,  and  to  8°  below  zero  in  MilledgeviUe.* 

Summary  of  power  on  the  Oconee  river. 


Flae«. 


Milledgevdllo... 

Shoal 

Fraley's  mill 

Satchel's  shoal . . . 
Grayhill's  mill... 
Lawrence's  mill  . 

'Kiley's  shoal 

Long  shoal 

Hill's  shoal 

Kcid's  shoal 

Park's  mill 

Scnll  shoal 

Barnett's  shoal  .. 


as 

II 

s 

p 


2,950 
2,900± 


2,122 


1,635 

1,000 

860 


Rainfall. 


In. 

m. 

13 

9 

13 

9 

13 

9 

13 

0 

13 

9 

18 

9 

13 

9 

13 

9 

13 

9 

13 

e 

14 

9 

16 

10 

15 

10 

FaU. 


w 


Feet. 

34.0 

4.0 

8.0 

5.0 

4.0 

6.0 

7-S  (I) 

19,+ 

Small 

6.0 

8.0 

10.0 

45  ± 


ft 


&-€  miles.. 


1,  200  feet. 


1,  300  feet. 


ImUe. 


Horse-power  available,  gross.* 


S 

a 


450 


490 


240 
180 
700 


a  s 

.g 
1^ 


■H 

r 

a 


2,  500  I  10,  000 
680       2,320 


626  '    2,  535 


310 
240 
920 


l,40i! 
1,140 
4,600 


720 


350 

275 

1,050 


Utilized. 


<50 

0 

<50 

0 

0 


0 
<60 

0 

0 

50 
80  ± 

0 


Feet. 
6.0 
0.0 
5.0 
0.0 
0.0 

6-7 
0.0 
0.0 
0.0 
0.0 
8.0 
10.0 
0.0 


"a 


<4 

0 

<17 

0 

0 


0 
<15 

0 

0 
30  ± 
60  ± 

0 


Bemarl 


MUl  Btd 
Dam  10  f 


LITTLE  EIVEE. 


0.75 
2.00 
3.00 

690 
675  ± 
600± 

10 
10 
10 
10 
10 
10 
10 

12 
12 
12 
12 
12 
12 
12 

9 
9 
9 
9 
9 
9 
9 

13 
13 
13 
13 
13 
13 
13 

44 

44 
44 
44 
44 
44 
44 

Small 

SmaU 

9.0 

0 
0 
25 

0.0 
0.0 
9.0 
6-8.0 
13.5 
8.0 
0.0 

0 
0 

0 

^""Itrie'fl  flhoal 

Humber's  mill          .   . 

n 

6-8  '                 0 

&rist-mill 

13.5 

25 
25 
0 

Grist-mlU 

8.0 
18.0 

Old  factory ... 

15.00 

250 

600  feet 

*  See  pages  18  to  21. 


TBIRUTAEIES   OP   THE   OCONEE   RIVER. 


Below  Milledgeville  the  tributaries  are  not  of  very  much  importance,  except  a  few  which  may  be  classed  as  sa 
hiU  streams,  but  regarding  which  I  could  obtain  no  information,  as  none  of  them  are  utilized  to  any  gi 
Avtant.     Powfir  could  no  doubt  be  develoDed  on  Tna.Tiv  of  them,  a.ud  T>ftrhfl,r).s  Inrs-e  nowers  on  some  of  them,  but 
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special  bites  could  be  specified.  Of  these  tributaries  Palmetto  creek  drains  375  square  miles,  Big  Sandy  creek 
284,  Commissioner's  creek  196,  and  Buffalo  creek  286.  In  the  table  of  utilized  power  will  be  found  a  statement  of 
the  power  used  ®n  these  tributaries. 

The  first  tributary  worthy  of  special  mention  is  Little  river,'  which  rises  in  Walton  and  Newton  counties,  flows 
southeast  through  Morgan  and  Putnam  counties,  passing  within  3  miles  of  the  town  of  Eatonton,  and  joining  the 
Oconee  between  Putnam  and  Baldwin,  about  8  or  10  miles  above  Milledgeville,  and  above  Fraley's  mill.  Its  length 
in  a  straight  line  is  about  40  or  45  miles,  but  60  or  more  by  the  course  of  the  stream,  and  its  drainage  area  is  about 
690  square  miles.  It  has  two  tributaries  worth  naming,  viz,  Cedar  and  Murder  creeks,  both  entering  from  the  west. 
.  The  stream  is  said  to  be  "  remarkable  for  its  rapid  current",*  and  it  offers  a  number  of  good  sites  for  small  powers. 
Proceeding  up  the  river,  the  first  shoal  met  with  is  about  three-fourths  of  a  mile  from  the  mouth,  known  as  Gage's 
shoal,  not  improved,  and  with  an  unknown  fall.  A  mile  and  a  quarter  further  up  is  Moultrie's  shoal,  also  unimproved. 
Both  of  these  shoals  are  subject  to  backwater  from  the  Oconee  river,  and  their  falls  are  stated  to  be  small.  They 
are  probably  not  of  much  value  for  manufacturing.  The  next  power  is  at  Humber's  mill,  3  miles  from  the  mouth, 
with  no  important  tributaries  below  it.  The  dam  is  of  wood,  130  feet  long  and  9  feet  Sigh,  and  the  fall  used  is  9 
feet,  with  28  horse-power,  which  can  be  obtained  all  the  time.  The  fall  could  be  increased  to  11  feet,  and  the 
available  power  in  the  low  season  of  ordinary  years  with  this  fall  would  probably  be  at  least  100  horse-power.  I 
would,  by  analogy,  estimate  it  at  a  considerably  larger  figure,  but  as  Colonel  Humber,  who  is  weU  acquainted  with 
the  stream,  writes  that  60  horse-power  would  be  available  with  a  fall  of  11  feet,  ft  must  be  that  for  some  reason 
the  flow  of  the  stream  is  quite  variable  indeed,  or  else  that  the  drainage  area  is  much  smaller  than  I  measured  it 
from  the  map.  For  this  reason  I  do  not  venture  to  give  estimates  for  the  stream.  The  rainfall  on  the  drainage- 
basin  is,  it  is  true,  considerably  smaller  than  on  most  streams  thus  far  considered,  being  only  about  44  inches, 
distributed  unfavorably,  too,  for  rendering  the  flow  uniform,  viz  :  spring,  10;  summer,  12;  autumn,  9 ;  winter,  13 
to  14;  hence,  without  further  data,  I  would  have  assumed  the  flow  in  the  low  season  of  ordinary  years  at  about  0.1^ 
cubic  feet  per  second  per  square  mile,  or  108  cubic  feet  per  second  for  600  square  miles,  which  would  give  a  power 
of  12.3  horse-power  per  foot  fall. 

The  next  power  above  Humber's  is  at  Pierson's  mill,  but  the  fall  is  only  6  or  8  feet,  with  a  dam  of  the  same 
height.  Then  follows  a  second  mill,  with  a  fall  of  13J  feet  and  25  horse-power  utilized,  and  then  a  shoal,  part  of 
which  was  at  one  time  used  by  the  old  Eatonton  factory.  This  shoal,  which  is  the  first  of  importance  on  the  river,  is 
3  miles  from  Eatonton,  and  about  15  miles  from  the  mouth  of  the  stream.  The  fall  is  about  25  feet  in  a  distance  of 
about  300  yards,  over  a  bed  of  solid  rock,  with  banks  not  subject  to  overflow,  and  offering  good  facilities  for  the 
construction  of  canals  and  biiildings.  At  the  lower  end  of  this  shoal  there  is  a  grist-miU,  using  a  fall  of  8  feet,  with  a 
wooden  dam  200  feet  long  and  4  feet  high,  backing  the  water  about  100  yards.  This  mill  has  four  pair  of  stones,  but 
two  of  them  cannot  be  run  in  summer ;  the  dam,  however,  is  leaky,  and  the  wheel  very  poor.  At  the  head  of  the  pond, 
on  the  right  bank,  the  old  factory  was  located,  using  a  fall  of  15  or  18  feet,  with  a  race  about  200  yards  long,  and  a 
dam  not  over  4  or  5  feet  in  height  at  the  head  of  the  shoal.  Prom  measurements  with  a  pocket-level,  I  think  that  18 
feet  could  easily  be  utilized.  The  bed  of  the  stream  at  the  head  of  the  shoal  is  exceedingly  favorable  for  the 
construction  of  a  dam,  but  a  high  one  could  probably  not  be  built  without  overflowing  considerable  good  land. 
The  factory  was  burned  in  1864,  since  which  time  the  power  has  not  been  utilized.  The  drainage  area  above  is- 
about  250  square  miles,  and  I  should  think  that  a  power  of  at  least  75  horse-power  could  be  utilized  with  18  feet 
fall  in  the  low  season  of  ordinary  years ;  but,  as  before  mentioned,  there  may  be  circumstances  rendering  the  flow 
of  this  stream  very  variable. 

Above  this  site  there  are  a  few  grist-mills  on  the  stream  which  it  is  not  necessary  to  specify.  On  some  of  the 
tributaries  to  the  stream  there  are  also  mills,  and  on  Murder  creek,  about  3  miles  from  its  mouth,  it  is  said  that  a 
fall  of  18  feet  could  be  utilized  with  a  dam  6  feet  high  and  a  race  200  yards  long. 

The  next  tributary  worth  naming  is  the  Appalachee  river,  which  has  its  sources  in  Gwinnett  county,  whence  it 
flows  southeast,  and  joins  the  Oconee  just  above  the  railroad  bridge.  Its  length  in  a  straight  line  is  about  54 
miles ;  by  the  river,  80  miles  or  over.  It  drains  an  area  of  about  506  square  miles,  receiving  as  its  principal  tributary 
Hardlabor  creek,  from  the  west,  which  drains  about  173  square  miles.  Data  regarding  its  flow  or  fall  could  not  be 
obtained.  The  rainfall  on  the  basin  is  about  47  inches — 11  in  spring,  13  in  summer,  9  in  autumn,  and  14  in  winter. 
The  stream  is  quite  inaccessible,  as  the  map  will  show.  The  following  are  the  powers  in  their  order  as  the  river  is 
ascended : 

About  a  mile  and  a  half  above  the  railroad  there  is  said  to  be  a  small  shoal,  not  used,  and  probably  of  no  value. 
Four  miles  further  up  is  Eeid's  mill,  not  now  used,  the  available  fall  being  stated  at  7  or  8  feet,  and  perha])s  more. 
The  mill  was  burned  during  the  war,  but  the  greater  part  of  the  dam,  which  was  of  rock,  and  4  or  5  feet  high,  is 
still  there,  though  out  of  repair.  This  site  is  4  miles  below  the  mouth  of  Hardlabor  creek,  and  2  miles  from 
Buckhead,  the  nearest  railroad  depot.  It  is  owned  by  Mr.  W.  H.  McWhorter.  Estimates  of  the  flow  are  liable  to 
considerable  uncertainty,  as  remarked  in  the  case  of  Little  river,  but  I  would  estimate  the  flow  and  power  at  this 
place  as  in  the  table  on  page  149. 

•  White  :  Statistics  of  Georgia,  1849. 

808 


SOUTHERN  ATLANTIC  WATER-SHED. 

Flow  and  power  at  Beid^s  mill,  Appalachee  river. 


state  of  flow  (see  pages  18  to  21). 


Hinimnm 

Hinimnm  low  season . . . 
Maximum,  with  storage 
Low  seasoD,  dry  years  . 


Drainage 
area. 


Sq.  miles. 


600 


Teii  miles  up  the  river,  aud  above  the  mouth  of  Hardlabor  creek,  is  Furlow's  grist-mill,  where  a  fall  of  8  i 
and  30  horsepower  are  used.    The  dam  is  of  wood,  300  feet  long,  5  feet  high,  and  backs  the  water  300  yards.    1 
head-race  is  150  feet  long.    The  drainage  area  above  is  about  310  square  miles,  and  I  would  therefore  estimate 
power  as  follows : 

Flow  and  poicer  at  Furlovfs  mill  and  shoal. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season  . . . 
Maximum,  with  storage . 
Low  season,  dry  years . . . 


Drainage 
area. 


Sq.  mileB. 


^^"■*  I    second"^  I  Horae-power  available,  gross. 


Oubic/eet.  1  foot  fall. 

137  i  4.2 

41  4.7 

325  ,  37.  0 

47  i  6.4 


S/eet  /aU.  IS/eet/all. 


34 


296 
43 


Bemarks. 


Fall  of  shoal  fron 
^     formation  from 
Fnrlow. 


*  Eight  feet  at  mill ;  18  feet  at  shoal  above  mill. 

The  shoal  referred  to  in  the  above  table  is  one-quarter  of  a  mile  above  the  mill,  and  is  a  better  site  than 
one  where  the  mill  is  located.  The  fall  is  said  to  be  about  14  feet  in  250  yards,  and  a  dam  4  feet  high  co 
probably  be  built,  giving  a  total  available  fall  of  18  feet.  The  bed  is  rock,  and  the  banks  steep  and  rocky  at 
upper  end  of  the  shoal.  It  is  to  be  remarked  that  the  A])palachee  exhibits  the  same  phenomenon — of  filling 
with  sand-^that  has  already  been  referred  to  at  length  in  tlie  case  of  the  tributaries  of  the  Eroad  river  in  Soi 
Carolina.  At  Furlow's  mill  the  fall  was  formerly  12  feet,  but  is  now  reduced  to  8.  The  shoal  just  referred  to  1 
never  been  used.     It  is  owned  by  C.  M.  Furlow,  of  Madison. 

The  next  power  is  5  or  6  miles  above,  at  Price's  mill,  a  grist-  and  saw-mill,  using  a  fall  of  16  feet  and  25  hoi 
power,  the  dam  being  4^  feet  high,  and  the  race  225  feet  long.    The  owner  states  that  by  carrying  ihe  race  100  i 
farther  down  the  stream  a  fall  of  20  feet  would  be  obtained,  and  by  going  farther  still  even  more  could  be  used, 
shoal  being  half  a  mile  long.     This  shoal  is,  no  doubt,  a  fine  one,  and  in  the  table  below  I  have  estimated  the  po) 
as  nearly  as  possible: 

Table  of  power  at  Price's  mill. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season 

Maximum,  with  storage. 
Low  season,  dry  years. . . 


Drainage 
area. 


Sq.  miles. 
1 


300+ 


FaU. 


Feet. 


Flow  per      Horse-power  availa 


second 


gross. 


The  next  power  is  4  miles  above  Price's,  at  High  shoals,  situated  14  miles  from  Athens  and  16  from  Madis 
The  stream  is  said  to  fall  about  65  feet  in  300  or  400  yards,  but  the  principal  part  of  the  fall  occurs  in  the  lo^ 
half  of  this  distance.  The  fall  is  utilized  by  the  cotton  factory  of  the  New  High  Shoals  Manufacturing  Compa 
and  by  a  grist-mill  and  a  cotton-gin.  The  bed  of  the  stream  is  solid  rock,  the  banks  high  and  difficult  to  cai 
and  the  width  of  the  stream  200  to  400  feet.  The  cotton-factory  dam  is  located  about  the  middle  of  the  shoal,  e 
is  of  wood,  straight  across  the  stream,  400  feet  long  and  5  or  6  feet  high,  built  in  1873  at  a  cost  of  $500,  aud  back: 
the  water  only  one  or  two  hundred  yards.  The  race  is  200  feet  long,  the  fall  20  feet,  and  the  power  100  hoi 
power,  which  can  be  secured  during  11^  mouths  as  a  rule,  and  75  horse-power  for  the  remaining  time,  there  be: 
no  waste  in  summer  while  running.*  Just  above  the  pond  is  a  fall  of  4  or  6  feet,  used  for  running  a  gin,  while  j 
below  the  factory  is  a  grist-mill  with  no  dam,  a  wooden  flume  about  120  feet  long  aud  a  fall  of  20  feet  runnin 
pair  of  stones.     Below  this  mill  there  is  a  fall,  not  used,  of  C  or  8  feet. 

The  drainage  area  above  this  shoal  is  about  300  square  miles.    I  have  based  my  estimates  of  power  for 
river  principally  on  the  above  data  regarding  the  factory  as  furnished  by  Dr.  Powell,  the  president  of  the  compa 
Although  not  of  so  much  interest  here,  I  subjoin  a  table.    Taking  75  horse-power  net  as  the  power,  with  a  fall  of 
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feet  during  the  low  season  of  dry  years,  or  assuming  the  efficiency  of  the  motor  to  be  75  per  cent,  and  the  gross 
power  100  horse-power,  the  power  per  foot  fall  is  5  horse-power.    On  this  the  following  estimates  are  based: 

Table  of  power  at  High  shoals. 


state  of  flow  (see  pages  18  to  21) . 


Drainage 

area. 


M^-niTnnm 

Minimum  low  season  — 
Maximum,  with  storage . 
Low  season,  dry  years . . . 


Sq.  miles. 

) 

I 

!■  300 


Fall. 


Feet. 


55  d= 


Flow  per 
second. 


Hoise-power  available,  groaa. 


Ifoot/aU. 
4.1 
4.5 
36.0 
5.2 


20feetfaa. 
80 
90 
720 
100 


55feetfaU. 


228 


Above  this  shoal  comes  a  site  not  utilized,  said  to  have  a  fall  of  15  or  20  feet ;  but  no  information  could  be 
obtained  regarding  it. 

Five  miles  above  High  shoals  is  Snow's  grist-mill,  with  a  fall  of  10  or  12  feet  and  a  dam  of  about  the  same 
height;  and  further  up  the  stream  are  other  small  grist-mills,  but  they  are  not  worthy  of  special  mention. 

The  Appalachee  has  one  tributary  worth  naming,  viz,  Hardlabor  creek,  from  the  west,  which  drains  173  square 
miles.  It  is,  however,  not  a  good  stream  for  water-power,  and  has  only  one  site  worth  mentioning,  about  3  miles 
from  its  mouth,  and  just  above  where  Sandy  creek  joins  it.  This  site  was  formerly  used,  and  the  available  fall  is 
stated  at  10  feet ;  but  the  power  is  small,  and  the  fall  subject  to  being  diminished  by  backwater  from  the 
Appalachee.  The  stream  is  sluggish  and  without  power  above  this.  Sandy  creek,  a  tributary  of  Hardlabor  creek, 
drains  about  72  square  miles,  and  is  said  to  have  a  shoal  about  2  miles  long,  on  which  there  were  formerly  4  mills, 
but  now  only  1  remains.    This  shoal  is  about  8  miles  from  Madison. 

The  Oconee  river  is  formed  by  the  union  of  the  North  and  Middle  forks  a  few  miles  below  the  town  of  Athens. 
It  remains  to  describe  these  two  streams.  The  North  fork  rises  in  Hall  county,  and  flows  through  Jackson  and 
Clarke  counties,  its  length  in  a  straight  line  being  about  43  miles,  and  its  drainage  area  433  square  miles.  It  flows 
directly  by  the  town  of  Athens,  the  most  important  place  in  the  vicinity.  The  table  of  declivity  on  page  145  will  show 
that  the  stream  has  quite  a  rapid  fall.  There  are,  however,  few  mills  on  it,  and  few  sites  were  brought  to  my  notice. 
It  is  probable  that  the  greater  part  of  the  fall  occurs  in  the  upper  parts,  before  the  stream  is  large  enough  to  be  of 
much  value  for  power. 

The  first  shoal  is  sometimes  known  as  Smith's,  and  is  less  than  a  mile  above  the  junction  of  the  two  forks;  but 
according  to  all  accounts  the  fall  is  small  and  the  power  not  valuable. 

The  next  power  is  at  the  factory  of  the  Greorgia  Manufacturing  Company,  where  the  fall  is  20  feet  in  a  distance 
of  one  and  a  half  miles  or  thereabout.  The  dam  is  of  wood  and  stone,  bat  built  in  a  rather  peculiar  way.  A  stone 
dam  of  triangular  or  trapezoidal  section  is  first  carried  entirely  across  the  stream,  and  on  top  a  wooden  sill  is  laid ; 
while  at  the  bottom  and  on  the  up  stream  side  a  second  sill  (mud-sill)  is  also  laid,  both  extending  from  bank  to 
bank.  On  these  two  sills  the  planking  is  laid,  sloping  thus  upward  and  down  stream  and  projecting  down  stream 
beyond  the  almost  vertical  face  of  the  stone  dam.  This  dam  of  the  Georgia  factory  is  300  feet  long  and  10  feet 
high,  and  was  built  in  1840.  The  foundation  is  solid  rock,  and  the  pond  is  about  a  mile  long  and  150  feet  wide.  A 
race,  600  yards  long,  leads  to  the  factory,  where  the  fall  is  20  feet,  using  150  horse-power,  which  can  be  obtained  at 
all  times,  but  with  no  waste  during  working  hours  in  the  dry  season.  These  data  give  a  net  capacity  of  7|  horse- 
power per  foot,  or,  say,  10  horse-power  gross  per  foot,  during  the  low  season  of  ordinary,  or,  perhaps,  dry  years, 
corresponding  to  0.20  cubic  feet  per  second  per  square  mile  of  draiaage  area.  I  have  taken  this  as  referring  to  dry 
years,  because  it  is  to  be  expected  that  the  flow  of  this  stream  is  more  regular  than  that  of  the  other  tributaries 
of  the  Oconee  thus  far  considered,  since  the  xainfall  is  both  larger  and  more  favorably  distributed,  being  as  follows: 
spring,  15;  summer,  15;  autumn,  10;  winter,  16;  year,  56.    The  following  table,  therefore,  gives  my  estimate  of 

flow  and  power  here : 

Table  of  power  at  Georgia  factory,  on  the  North  Oconee  river. 


state  of  flow  (see  pages  18  to  21) . 


Drainage 


FaU. 

Flow  per 
second. 

Horse-power  available, 
gross. 

Ftet. 

(Mntfeet. 

l/oot/aU.      20/eet/aa. 

r             70 

8.0  '                  100 

20 

1              85 

9.7  !                 194 

1            475 

54. 0                 1, 080 

I            100 

11.4                    228 

Sg.  miles. 


Minimnm 

Ifinimnm  low  season  . . 
M'n.TrimnTn,  with  storage 
Low  season,  dry  years  - 


This  factory  is  a  mile  above  the  junction  of  the  two  forks. 

Above  this  power  comes  a  small  shoal,  where  it  is  said  that  a  fall  of  6  feet  could  be  obtained,  known  as  the 
Lumpkin  shoal,  but  it  is  probably  not  of  much  consequence. 
810 


i5UU  li-lli,UJN    Al'JLAJN'i'iU    W  A  i  iiiK-^'-ilill^U. 


lOl 


The  next  important  power  is  the  Athens  cotton  factoiy,  at  Athens,  about  i  or  5  miles  above  the  junction  of  tlie 
two  forks.  The  dani  is  constructed  like  that  at  the  tteorgia  faotoiy,  and  is  300  feet  low^  and  10  feet  high.  It  wiis 
built  in  1847,  and  would  perhaps  cost  $5,000.  The  foundation  is  solid  rock.  Tlie  race  is  only  a  few  feet  in  length  and 
the  lUll  12  feet,  and  180  horse-power  is  used.  Opposite  the  factory,  on  the  east  bank,  is  a  grist-mill,  witli  a 
race  about  330  feet  long  and  a  fall  of  13  feet,  with  GO  horse-power.  The  total  power  used  is  therefore  240  horse- 
power; but  this  cannot  be  obtained  all  the  time,  and  the  grist-mill  is  sometimes  stopped  in  dry  weatlier  to  allow  the 
factory  to  use  all  the  power.     Still,  I  was  informed  that  the  factory  could  not  be  run  at  full  capacity  more  than  about 

10  months  of  the  year,  the  power  duiing  the  rest  of  the  time  Ix-ing  considerably  less,  even  by  drawing  down  the 
water  at  night  in  the  pond  (which  is  3  miles  long  and  IDO  to  150  feet  wide)  to  a  certain  extent,  the  factory  being  run 

11  hours  a  day.  These  data  give  the  power  in  the  low  season  at  somewhere  in  the  lu.'ighborhood  of  8  or  10  horse- 
power per  foot  fall  gross,  and  as  the  data  from  the  Georgia  factory  are  the  more  reliable,  on  account  of  the  fact 
that  in  this  case  it  is  impossible  to  say  to  what  extent  the  water  is  drawn  down  in  the  pond,  I  take  the  figures  used 
in  the  previous  table,  which  give  for  12  feet  fall  powers  of,  respectively,  96,  116,  650,  and  137  horse-power  for  the 
natural  flow  of  the  stream,  and  in  ordinary  years,  of  course,  about  170  horsepower.  The  dam  of  this  factory  was 
partially  washed  away  by  a  freshet  in  the  spring  of  1881. 

There  is  no  power  on  the  stream  for  12  or  13  miles  above  the  Athens  factory,  the  next  power  being  at  Burn's 
mill,  now  Hood's  mill,  where  the  fall  is  10  feet,  with  a  dam  9  feet  high,  the  power  not  being  of  much  importance. 

The  next  shoal  is  Hurricane  shoal,  in  Jackson  county,  16  or  17  miles  above' Athens,  where  the  fall  is  26  feet* 
in  a  short  distance,  and  the  location  is  said  to  be  safe.  The  power,  if  used  at  all,  is  only  used  to  run  a  small  grist- 
mill, with  a  few  pair  of  stones.  As  nearly  as  I  could  locate  the  place,  the  drainage  area  above  it  is  about  230  square 
miles,  the  rainfall  being  the  same  as  already  given.     I  would  therefore  estimate  the  power  about  as  follows : 

Table  of  power  at  Hurricane  shoal. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

-MiniTTiTim  low  Season  - . . 
Maximum,  witli  storage 
liOW  season,  dry  years  - . 


Flow  per  I  Horse-power  available, 
second.     [  gross. 


Cubic  feet.  ]  1  foot  faU.  |  %S  feet  fall. 


36 
45 

U57 
52  1 


4,1 

:.  1 

29.  2  ■ 
5.9  i 


107 
133 
759 
153 


This  site  is  conveniently  located  about  3  miles  from  the  North-Bastern  railroad,  and  is  said  to  be  a  very  good 
power. 

Above  this  there  are  other  shoals,  some  of  them  utilized  to  run  small  grist-mills;  but  regarding  them  I  have  no 
data,  and  as  the  stream  is  small  it  is  needless  to  specify  them.  This  part  of  the  state  has  a  healthy  and  salubrious 
climate,  and  offers  many  inducements  to  manufacturers.    Its  water-powers  will  doubtless  be  developed  before  long. 

The  Middle  Oconee,  or  Middle  fork,  takes  its  rise  in  Hall  county,  and,  like  the  North  fork,  flows  through  Jackson 
and  (/larke  counties,  to  join  the  latter  stream.  Its  length  in  a  straight  line  is  about  40  miles,  and  it  drains  a  total 
area  of  407  square  miles,  receiving  as  its  principal  tributaries  Mulberry  fork,  draining  97  square  miles,  and  Barber's 
creek,  draining  74  square  miles.  The  fall  of  the  stream  I  am  unable  to  state,  but  it  probably  does  not  differ  much 
from  that  of  the  North  fork,  which  it  resembles  in  all  respects.  If  anything,  the  latter  is  more  rapid,  the  Middle 
Oconee  being  said  to  have  many  low,  flat,  and  rich  bottom-lands  along  its  banks,  and  to  be  rather  sluggish  in  many 
places. 

The  flrst  shoal  on  the  stream  is  known  as  the  Simalton  shoal,  and  is  a  mile  or  so  from  the  mouth,  but  the  fall  is 
small,  and  of  no  value  for  manufacturing. 

The  next  is  the  Princeton  factory  (cotton),  2  miles  from  the  mouth  and  3  miles  from  Athens,  which  is  the  nearest 
railroad  jioint.  The  dam  is  similar  to  those  already  described  on  the  North  fork,  and  is  320  feet  long,  9  feet  high, 
and  was  rebuilt  in  1880  at  a  cost  of  about  $5,000,  having  been  constructed  originally  about  40  years  ago.  The 
foundation  and  abutments  are  of  rock,  and  the  pond  is  2  miles  long,  with  an  average  width  of  150  feet.  The  length 
of  the  head-race  is  300  yards,  and  it  is  20  feet  wide  and  2  to  3  feet  deep.  The  fall  at  the  factory  is  20  feet,  and  100 
horse-power  is  used,  and  can  be  obtained  all  the  time,  with  a  waste  of  water  at  all  seasons.  The  wheels  are  stopped 
by  high  water  several  days  in  the  year,  and  sometimes  two  weeks  or  more  in  all.  The  freshets  on  the  stream  are  quite 
severe,  and  in  1880  there  were  several  very  large  ones— the  largest  since  the  "  Harrison  freshet "  of  May,  1840.  In 
April,  1880,  the  water  rose  27  feet  at  the  factory,  and  was  7  feet  over  the  dam,  overflowing  the  canal,  and  causing  a 
stoppage  of  work  for  six  days.  In  1879  the  head-gates  and  canal  banks  were  washed  out  during  a  freshet,  and  the 
factory  was  stopped  for  one  month.    I  have  estimated  the  power  at  this  site  as  in  the  table  on  page  152. 


*  Janes  :  Handbook  of  Georgia. 
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Table  of  power  at  Princeton  factory. 


state  of  flow  (see  pages  18  to  21). 


Minimum  

Minimnm  low  seaBon  . . . 
Maximum,  with  storage 
Low  season,  dry  years . . 


i  I 

Drainage  ]    j,  ,■     ■  ITlow  per 

area.       I  '    |     second. 


Sq,  rmUs. 


Feet. 


Cviicfeet. 
r  52 

J  66 

I  363 

I  77 


Horse-power  available, 
gross. 


1  foot  /dU. 

6.0 

7.5 

«.2 

8.7 


20feet/aU. 
120 
150 
825 
175 


Bemarks. 


^  Low  season  of  ordinary  years,  215  horse-power^ 


The  next  power  is  Jennings'  grist-mill,  3  miles  above,  where  the  fall  is  8J  feet,  with  a  dam  4  feet  high.  The 
power  utilized  is  very  small.  That  available  may  be  calculated  by  comi)ariDg  with  the  above  table  for  the  factory, 
the  quantity  of  water  being  about  the  same  at  both  places. 

McElroy's  mill  is  the  next  power,  IJ  miles  above,  and  4  miles  from  Athens.  The  fall  is  13  feet,  with  a  dam  G 
feet  high  and  a  race  300  feet  long.  The  mill  runs  3  pair  of  stones,  and  can  be  run  all  the  year.  The  power 
available  can  be  approximated  to  as  above,  there  being  no  tributaries  of  importance  between  this  place  and  the 
factory. 

The  next  power  is  at  Tallassee  falls,  8  or  9  miles  from  Athens,  and  about  4  miles  above  McElroy's  mill.  This 
shoal  is  1,200  yards  long,  and  the  total  fall  is  stated  to  be  61  feet.*  Part  of  this  fall  was  at  one  time  used  by  a 
cotton  factory,  but  now  only  by  a  grist-mill,  located  at  about  the  center  of  the  shoal,  with  a  wing-dam,  a  race  300 
yards  long,  and  a  fall  of  14  feet.  The  whole  fall  of  the  shoal  could  without  difficulty  be  utilized,  but  in  two  parts— 
the  upper  part  being  used  on  the  left  bank,  and  the  lower  on  the  right.  There  was  formerly  a  saw-mill  on  the 
right  bank  near  the  foot  of  the  shoal.  The  bed  of  the  stream  is  rock,  gravel,  and  bowlders,  and  its  width  is  from 
160  to  200  feet.    Tiie  foUowiiig  table  shows  my  estimate  of  the  power : 


Table  o. 


of  jlow  and  power  at  Tallassee  falls. 


state  of  flow  (see  pages  18  to  21). 


HfiT^imnTi^ 

"MiniTnnm  low  SOasOn 

Ma:dmnm,  with  storage 
Low  season,  dry  years  .  - 


Drainage 
area. 


Sq.  miles. 


307 


Fall. 


Feet. 


Flow  per 
second. 


Horse-power  available, 
gross. 


1  foot  fall. 

5.7 

7.0 

38.6 

8.0 


blfeet/aU. 

290 

360 

1,970 

410 


Above  this  shoal  there  are  said  to  be  no  large  powers  on  the  stream,  although  there  are  some  sites  where 
grist-mills  might  be  located,  and  some  mills  ia  operation. 

Of  the  tributaries  to  the  Middle  Oconee,  the  first  is  Barber's  creek,  which  enters  below  the  Princeton  factory 
from  the  west,  draining  74  square  miles. 

Half  a  mile  from  its  mouth  is  the  Pioneer  paper-mill,  using  a  fall  of  20  feet  and  120  horse-power,  which  can  be 
obtained  during  nine  months,  while  for  the  rest  of  the  year  only  60  horse- power  can  be  obtained.  Steam-power  to 
the  extent  of  30  horse-power  is  used  all  the  time,  and  80  horse-power  during  three  months.  Three  miles  from  the 
mouth  is  an  unutilized  power  known  as  Epps'  shoal,  the  fall  being  stated  at  24  feet  in  60  yards,  all  available.  Four 
miles  above  is  a  third  site,  not  used  at  present,  the  fall  being  stated  at  20  feet  in  300  yards. 

Mulberry  fork,  which  enters  the  Middle  Oconee  above  Tallassee  falls,  drains  97  square  miles,  and  has  some 
shoals,  used  and  idle,  on  the  main  stream  and  tributaries,  many  of  which  might  doubtless  be  utilized  with 
advantage,  affording  good  powers,  though  small. 


THE  OOMULGEE  EIYEE. 

This  stream  has  its  sources  in  Fulton,  De  Kalb,  and  Gwinnett  counties,  but  the  stream  proper  is  formed  by  the 
union  of  the  South  and  the  Yellow  rivers  between  Butts  and  Newton  counties,  whence  it  flows  in  a  general  direction 
rather  east  of  south  to  join  the  Oconee,  passing  by  the  city  of  Macon,  the  town  of  Hawkinsville,  and  a  few  other 
small  towns.  It  crosses  the  fall-line  at  Macon,  which  is  the  head  of  navigation,  and  below  which  there  is  no  power. 
At  present  the  stream  ig  navigable  as  far  as  Hawkinsville,  200  miles,  for  boats  drawing  5  feet.  Eegardiug  the  length 
of  the  river  I  have  no  data,  but  the  distance  from  Macon  to  the  sea  is  generally  called  about  500  miles,  t  It  drains 
a  total  area  of  6,000  square  miles,  of  which  iibout  2,250  are  above  Macon,  so  that  the  water-power  district  is  not 
quite  so  large  as  in  the  case  of  the  Oconee.    The  character  of  the  stream,  of  its  flow,  of  the  drainage-basin,  and 


*  By  Mr.  J.  W.  Bromby,  of  Athens,  who  uiciisurcd  it. 
f  Annual  Report  Chief  of  Engiiwers,  187"2,  p.  516. 
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of  the  rainfall,  is  about  the  same  as  in  the  case  of  the  Oconee.  The  declivity  is  probably  also  about  the  same, 
though  I  have  few  data  regarding  it.  The  elevation  of  the  river  at  Macon  is  probably  about  275  feet,  and,  according 
to  the  report  on  the  canal  route  to  connect  the  Ocmulgee  and  Tennessee  [Annual  Report  Chief  of  Engineers, 
1872,  p.  531),  it  seems  that  the  fall  between  this  point  and  the  head  of  the  river  is  270  feet,  but  I  am  not  able  to 
state  with  any  accuracy  the  distance  between  the  two  places. 

I  proceed  to  describe  the  river  as  a  source  of  water-power  more  in  detail. 

The  first  power  is  near  Macon,  where  the  stream  crosses  the  fall-line,  and  where,  like  the  Oconee  and  the 
Savannah,  it  forms  a  long  shoal,  several  miles  in  length.  It  has  at  various  times  been  proposed  to  construct  a 
canal  from  a  point  on  the  river  10  miles  above  the  city  down  to  a  small  stream  called  Vineville  branch,  which  enters 
the  Ocmulgee  half  a  mile  above  the  city  limits,  and  to  utilize  the  water-power  for  manufacturing,  at  the  same  time 
supplying  the  city  with  water ;  and  it  is  said  that  the  available  fall  at  Vineville  branch  would  be  42  feet  or  thereabout. 
The  project  was  started  in  1871,  and  the  Macon  Canal  and  Manufacturing  Company  was  organized;  but  as  yet 
nothing  has  been  done.  It  is  said,  on  good  authority,  that  the  scheme  is  perfectly  practicable,  but  opinions  differ 
as  to  the  difBcnlties  involved.  The  difficulty  in  bringing  the  canal  down  to  the  city  lies  in  the  fact  that  between 
the  latter  and  Vineville  branch  is  a  ridge  which  would  be  difficult  to  cut  through,  and  a  cemetery  which  could 
probably  not  be  crossed.  It  is  asserted  by  some  that  the  canal  could  be  built  for  $250,000,  and  that  little  blasting 
would  be  required,*  the  length  of  the  canal  being  9J  miles.  It  was  proposed  to  build  a  dam  5  feet  in  height  at  its 
head,  where  the  bed  of  the  stream  is  solid  rock,  there  being  a  very  favorable  site  for  its  location.  Along  the  line 
of  the  canal  there  are  said  to  be  fine  clay  deposits,  and  near  its  head  an  abundance  of  very  fine  granite.  The  sboals 
on  the  river  below  the  proposed  head  of  the  canal  are  known  as  Healy's,  Wicked,  Wimbush's,  and  Cemetery.  At  the 
former,  which  is  7  miles  above  Macon  in  a  straight  line,  it  is  said  that  there  is  a  fall  of  nearly  10  feet  in  300  yards ; 
and  at  Wicked  shoals  it  is  said  that  the  fall  is  8  feet  in  a  mile,  while  the  Cemetery  shoal,  which  is  below  the  mouth 
of  Vineville  branch,  has  only  a  small  fall. 

The  project  of  utilizing  this  power  is  not  now  spoken  of  much,  and  I  was  unable  to  see  the  original  reports  and 
estimates,  which  have  been  lost.  The  only  report  that  I  could  find  is  one  by  F.  P.  Holcomb,  engineer,  published 
some  years  ago  in  one  of  the  Macon  daily  papers.  It  is  there  stated  that  the  fall  from  the  head  of  Healy's  shoals 
to  Macon,  a  distance  of  7.6  miles  by  the  canal,  is  31  feet;  adding  7  feet  for  a  dam,  and  subtracting  4  feet  for  friction, 
the  available  fall  is  34  feet.  By  going  further  up  stream  with  the  canal,  this  may  be  increased  to  40  feet  or 
thereabout. 

The  drainage  area  above  Macon  is  about  2,250  square  miles,  and  I  have  estimated  the  power  in  the  table  below. 
The  flow  of  the  stream  Is  said  to  be  quite  \'ariable,  indeed — a  characteristic  we  have  noticed  in  the  case  of  the 
Oconee.  The  freshets  are  very  heavy,  and  the  stream  rises  sometimes  22  feet  at  Macon.  There  have  been  no 
continued  gaugings  of  the  river,  but  it  is  stated  that  the  flow  at  average  low  water  is  about  1,100  cubic  feet  per 
second.  The  fact  that  in  Holcomb's  report,  above  referred  to,  the  ordinary  low- water  flow  is  given  at  481  cubic  feet 
per  second  wiU  show  the  unreliability  of  a  single  measurement.  It  is  said  that  in  1839  the  flow  was  at  its  minimum, 
and  was  360  cubic  feet  per  second. 

Table  of  power  at  Macon  canal  {projected). 


state  of  flow  (see  pages  18  to  21). 


Minimam 

Minimum  low  season  . . . 
Mardmnm,  with  storage 
Low  season,  dry  years  -. 


Drainage 
area. 


Sq,  milet. 


2,230 


FalL 


40  ± 


Flow  per 
second. 


Horse-pewer  available, 
gross. 


Cubic  feet. 

r  360  j 

476  i 

I         2, 150  ! 

i  540  1 


Ifootfall. 

41.0 

54.0 

244.3 

61.3 


iO  feet  fall. 
1,640 
2, 160 
9,770 
2,  450 


It  is  to  be  remarked  here  that  the  above  estimates  have  been  made  entirely  independent  of  the  measurements 
referred  to  above,  and  the  agreement  is  surprising.  The  minimum  is  found  by  taking  the  discharge  at  0.16  cubic 
foot  per  second  per  square  mile,  the  same  figure  that  was  assumed  for  the  Oconee  above  Milledgeville,  and  arrived 
at  by  a  careful  consideration  of  all  the  circumstances. 

The  economical  location  of  Macon  is  very  favorable,  and  the  map  will  show  that  a  number  of  railroads  diverge 
from  the  city.  The  Ocmulgee  is  navigable  (or  can  be  made  so)  up  to  the  place  for  boats  carrying  1,000  bales  of 
cotton.    The  navigation  is  unobstructed  as  far  as  Brunswick,  but  above  that  point  it  is  obstructed  by  two  bridges. 

The  river  has  been  examined  above  Macou  by  Colonel  B.  W.  Frobel,  under  the  direction'of  .Major  King,  of  the 
United  States  engineer  corps,  and  his  report  is  to  be  found  in  the  Annual  Report  of  the  Chief  of  Engineers,  1876, 
Appendix  P,  p.  20.  Prom  this  report  most  of  the  following  information  has  been  condensed.  All  the  shoals 
specified  in  the  report  will  be  found  mentioned  in  the  table  on  page  154;  but  regarding  many  of  them  I  have  no 
information  in  addition  to  what  is  there  given. 

Holt's  shoal,  in  the  upper  part  of  Bibb  county,  is  not  utilized.     The  stream  is  about  325  feet  wide. 


'Butler:  Historical  Record  of  Macon  and  Central  Georgia,  p.  292. 
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At  Johnston's  shoal  the  river  is  divided  by  three  small  islands,  and  the  total  width  of  the  stream  above  the  shoal  i& 
450  feet,  and  below  it  350.  Harris'  shoal  is  in  Monroe  and  Jones  counties,  as  are  all  the  following  shoals  up  to  Head's 
shoal,  which  is  just  at  the  upper  corner  of  Jones.  The  most  important  in  this  distance  is  Glover's  Mill  shoal,  or 
Long  shoal,  which  is  used  on  both  sides  of  the  river,  and  is  4  or  5  miles  below  the  upper  corner  of  Monroe  county, 
and  about  10  miles  from  Forsyth.  It  is  said  that  the  entire  fall  is  available,  with  good  facilities  for  canals  and 
buildings.  The  next  shoal  is  Seven  Islands  shoal,  in  Butts  and  Jasper  counties,  and  about  20  or  25  miles  from 
Forsyth.  There  was  at  one  time  a  cotton  factory  at  this  place,  but  now  there  is  only  a  grist-  and  saw-mill.  The  width 
of  the  stream  at  the  head  of  the  shoal  is  350  feet,  but  it  rapidly  expands,  and  is  500  feet  wide  near  the  foot.  It  is. 
said  that  the  entire  fall  is  available,  and  the  site  is  called  one  of  the  best  on  the  river.  Eoach's  shoal  is  the  next  one- 
which  is  utilized,  there  being  a  grist-mill  on  the  left  bank,  with  a  caual  nearly  the  whole  length  of  the  shoal,  and  a 
dam  across  a  narrow  arm  of  the  river  over  to  an  island.  The  width  of  the  stream  at  the  head  of  the  shoal  is  about 
400  feet.  The  most  important  shoal  above  Macon,  however,  is  Lloyd's,  the  total  fall  being  over  39  feet  in  less  than 
2  miles,  the  principal  part  of  which  occurs  at  the  head,  in  a  distance  of  2,000  feest,  but  the  whole  of  which  is- 
probably  available.  The  bottom  is  solid  rock,  and  the  banks  generally  high,  except  that  on  the  left  bank  there  is- 
a  bottom  near  the  foot  of  the  shoal.  At  Cap's  shoal  the  river  is  divided  by  islands  into  three  channels,  the  width 
just  above  the  shoal  being  350  feet.  Just  above  Harvey's  shoal  the  Alcovee  river  enters  from  the  north.  At  Lemon 
shoal,  the  next  one  above,  a  natural  rock  dam  extends  almost  entirely  across  the  river,  leaving  an  opening  of  about 
50  feet,  called  Bull  sluice.  The  last  shoal  on  the  river,  Barnes',  is  just  at  the  junction  of  the  South  and  the  Yellow 
rivers,  and  is  utilized  for  a  grist-mill.  The  head  of  the  shoal  is  on  both  streams,  and  just  at  the  junction  of  the- 
two  is  a  rock  ledge,  crossing  both,  and  forming  an  almost  perfect  dam,  with  deep  water  above  it.  The  width  of  the- 
South  river  is  about  325  feet;  that  of  the  Yellow  river  about  275  feet;  and  that  of  the  Ocmulgee  about  500  feet. 

Not  having  visited  any  of  the  shoals  on  the  river,  I  am  unable  to  give  detailed  information  regarding  the- 
practicability  of  utilizing  them.  It  is  evident,  however,  that  the  stream  presents  a  large  amount  of  theoretically 
available  power  and  several  flue  sites  almost  entirely  unimproved.  Estimates  of  the  power  are  in  the  following: 
table. 

The  chief  difficulty  in  the  way  of  the  utilization  to  a-  large  extent  of  the  water-power  of  the  Ocmulgee  is  the- 
inaccessibility  of  the  stream.  A  new  railroad,  however,  is  now  in  course  of  construction  from  Macon  to  Atlanta,,, 
which  will,  I  believe,  follow  the  river  quite  closely,  and  thus  remove  this  difficulty. 

Summary  of  potcer  on  the  Ocmulgee  river. 


Locality. 


Kamfall. 


Fall. 


Horse-power  available,  grogs.' 


Is 
3 


as 


»  i 

to  5 

CO   P^ 


Utilized. 


p 

g 

a 

v.  2 
^1 


KemarkB. 


Macou  caiial,  projected 

Bibb  county : 

Holt's  shoal 

Holman's  shoal 

Monroe  and  Jones  counties : 

.Johnston's  shoal 

Harris' shoal 

Bo-vvman's  shoal 

Taylor's  shoal 

Kum  Creek  shoal 

Dame's  shoal 

Falling  Creek  shoal 

Clark's  shoal 

JarroU's  shoal 

Mitchell's  shoal 

G-lover's  Mill  shoal 

Head's  shoal 

Butts  and  Jasper  counties : 

Island  shoal 

Seven  Islands  shoal 

Lamar's  shoal 

Eoach's  shoal 

Pitman's  shoal 

Lloyd's  shoal 

Cap's  shoal 

Leverett's  shoal 

Harvey's  shoal 

Lemon's  shoal 

Barnes'  shoal 


Miles, 
0 


Sq.  Tniles. 
2,250 


235 
200-f 

200 -h 

200-1- 

2004- 

200 

000-f 

000 

OOD 

000- 

000- 

000- 

974 

640 


1,  600± 

1,512 

1,500± 

1,450± 

1,450± 

1,  350± 

1,850± 

1,350± 

1,340 

1,020 

1,017 


5.  125 
2.312 


10  miles. . 

400  feet. 
1,400  feet. 

1,600  feet. 
3,000  feet. 


1,640 


150 


2,100 


200 


900 


2,100  feet. 


400  feet.. 
3,200  feet 


1,600  feet.. 


1,600  feet. 
],3«0feet. 
3,900  feet. 
1,800  feet. 
9,600  feet - 
40O  feet. 


600  feet. 
700  feet. 
500  feet. 


200 


270 


1,200 


230 
130 


300 
17B 


1,360 
790 


350 


660 


850 


3,870 


530 
110 
200 
90 
976 
140 


700 
140 
200 
120 
1,280 
180 


3,360 
680 

1,240 
580 

6,100 


0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
50± 
0 


0 

800  <50 
160 
300 
140 
1,460 
210 


100 

50 

210 


130 

70 

280 


620 

325 

1,350 


150 

80 

325 


Feet. 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12  d= 
0 

0 

20! 
0 


0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11  ± 

0 

0 
13  ± 

0 


Width,  825  feet. 
Width,  400  feet 


Width,  350-400  feet.. 
Width,  500  feet. 


Width,  400-600  foet.^ 
Width,  400  feet. 


Width,  400  feet. 


Width,  500  feet. 


Width,  400  feet 
Width,  800-460  fost. 


814 


*  See  pages  18  to  21. 
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TRIBUTARIES   OP  THE   OOMULGEE  RIVER. 

Some  of  the  tributaries  below  Macon  are  sand-hill  streams,  but  none  have  large  powers  utilized,  although  such 
might  perhaps  be  developed  in  places.  On  Mossy  creek,  ^  small  stream  flowing  into  Indian  creek,  which  joins  the 
Ocmulgee  about  10  miles  above  Hawkinsville  and  drains  a  total  area  of  300  square  miles,  there  is  a  cotton  factory, 
with  a  fall  of  12  feet  and  60  horse-power,  the  dam  being  10  feet  high  and  the  race  50  feet  long.*  This  stream  is 
said  to  be  quite  constant  in  flow,  and  drains  about  116  square  miles ;  and  it  seems  probable  that  more  power  could  be 
obtained  on  it.  If  its  flow  and  its  general  character  r(>sembles  that  of  the  other  sand-liill  streams  which  we  have 
considered,  it  would  afford  considerable  power.  1  have  no  information  of  the  streams  below  this.  The  largest 
tributary  is  probably  the  Little  Ocmulgee,  which  drains  a  total  area  of  776  square  miles,  but  it  is  so  far  below  the 
fall-line  that  it  is  not  probable  that  it  affords  much  power. 

Echaconnee  creek,  which  joins  the  Ocmulgee  from  the  west  about  15  miles  below  Macon,  is  a  considerable  stream,, 
draming  272  square  miles.  Its  power,  however,  was  not  spoken  of  as  remarkable,  and  it  is  utilized  only  by  small 
grist-  and  saw-mills.  It  is  probable  that  it  partakes  to  some  extent  of  the  character  of  a  sand-hill  stream,  and  that 
its  flow  does  not  vary  so  much  as  that  of  the  streams  above  the  fall-line;  but  as  I  was  not  able  to  learn  much 
regarding  the  stream  I  submit  no  estimates. 

Tobesoffkee  creek  is  a  stream  similar  to  the  oue  last  mentioned,  rising  in  Monroe  county,  and  flowing  through 
Monroe  and  Bibb  into  the  Ocmulgee,  about  10  miles  below  Macon.  It  has  a  few  small  grist-mills,  but  no  large 
powers  were  heard  of.     Its  drainage  area  is  260  square  miles. 

The  next  tributary  worth  namiug  is  the  Towaliga  river,  which  takes  its  rise  in  the  western  part  of  Henry 
county,  and  flows  southeast,  forming  the  boundary-line  between  Henry  and  Spalding,  and  then  flowing  through 
Butts  and  Monroe,  joining  tlie  Ocmulgee  just  opposite  the  upper  corner  of  Jones,  after  draining  a  total  area  of 
about  320  square  miles  as  nearly  as  I  could  measure  it,  its  length  being  about  33  miles  in  a  straight  line.  Its  total 
length  is  stated  at  70  miles.f  It  is  said  to  be  quite  a  rapid  stream,  with  not  much  bottom-land,  except  in  its  lower 
part.     It  has  the  following  shoals: 

Willis'  shoal,  3  miles  from  the  mouth,  not  used,  though  formerly  there  was  a  grist-mill  there.  The  available 
fall  is  stated  at  10  feet,  with  a  dam. 

High  falls,  about  15  miles  from  the  mouth  of  the  stream,  7  miles  from  Indian  spring,  9  miles  from  Milner,  the 
nearest  railroad  point,  and  14  miles  from  Forsyth,  is  the  best  water-power  on  the  stream  or  in  the  vicinity.  The 
stream  falls  here  8lJ  feet  in  a  distance  of  between  300  and  400  yards,  but  of  this  fall  49  feet  is  in  one  perpendicular 
pitch.f    The  power  is  used  as  follows: 

At  the  head  of  the  shoal  is  a  wooden  dam,  400  feet  by  10,  straight  across  the  stream,  with  a  race  on  each  bank, 
one  leading  to  a  grist-mill,  and  the  other  to  a  saw-mill,  the  fall  used  being  13  feet.  About  500  feet  below  the  first 
dam  is  a  second  one,  200  feet  by  3,  its  crest  being  10  feet  higher  than  the  top  of  the  high  fall,  300  feet  below. 
Prom  this  dam  there  is  a  race  on  each  side,  one  leading  to  a  cotton-gin,  and  the  other  to  a  gin  and  a  wool-carding 
machine.  The  high  fall  is  49  feet  perpendicular,  and  200  feet  below  it  is  another  shoal  with  about  10  feet  fall,  not 
used,  followed  for  some  distance  by  smaller  shoals.  The  bed  of  the  stream  is  solid  rock,  and  the  banks  such  that 
the  entire  fall  of  71  or  72  feet  is  available.  The  drainage  area  above  this  place  was  measured  and  found  to  be 
about  200  square  miles.  I  have  therefore  estimated  the  power  as  in  the  table  below.  Mr.  Boardman  states  the  flow 
at  extreme  low  water  at  162  cubic  feet  per  second,  but  if  my  measurement  of  the  drainage  area  is  correct  within  a 
reasonable  amount  the  flow  must  either  be  very  much  smaller  than  this  or  there  must  be  some  very  exceptional 
features  in  the  drainage-basin.  The  table  below  is  estimated  on  analogy,  and  such  features,  if  they  exist,  would 
modify  the  figures  given.  I  have  used  nearly  the  same  proportions  in  calculating  this  table  that  I  used  in  the  case 
of  the  Appalachee  river. 

Table  of  power  at  High  falls,  Towaliga  river. 


state  o^  flow  (see  pages  18  to  21) . 


Drainage 
area. 


FaU.' 


Mow  per 
Becond. 


Horse-power  available,  gross. 


Minimum 

Minimum  low  season 

Maximum,  with  storage. 
Low  season,  dry  years  . . 


Sq,  miles. 


200 


Feet. 


1  foot  faU. 

3.0 

3.5 

24.0 

4.0 


49 /eel  faU. 

14T 

172 

1,176 

196 


n/eet/aU. 

213 

248 

1,704 

284 


*  Total,  82  feet ;  perpendicular,  49  feet ;  total  in  shoal  proper,  71  feet. 

The  rainfall  on  the  basin  of  the  Towaliga  is  about  as  follows:  spring,  10;  summer,  12;  autumn,  10;  winter,  14^ 
The  site  above  described  is  worthy  the  attention  of  those  seeking  a  location. 


*  Power  stated  in  statistics  of  cotton-mills  at  120  horse-power. 

+  White  :  Statistics  of  Georgia. 

i  All  of  my  information  regarcling  this  power  is  dne  to  Mr.  Arthur  Boardman,  of  Maoon,  who  has  surveyed  the  power. 
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Flat  shoal,  4J  miles  above  High  shoal,  is  about  250  yards  long,  aud  the  fall  is  said  to  be  10  or  12  feet.  It  is 
not  improved,  but  is  probably  available.  One  mile  above  it  is  a  second  shoal,  with  a  small  fall,  and  1  or  2  miles- 
further  up  is  another,  but  neither  are  probably  of  value.  A  short  distance  above,  and  about  lOJ  miles  east  of 
Griffln,  in  Spalding  county,  is  Heflin's  shoal,  about  half  a  mile  in  length,  with  a  rock  bottom,  and  banks  8  or  10  feet 
high,  the  fall  being  stated  at  12  to  15  feet,  with  a  dam  4  feTet  high ;  and  it  is  said  that  a  much  higher  dam  could  be 
constructed.     Above  are  several  small  powers,  but  they  are  not  worthy  of  special  mention. 

Little  Towaliga  creek,  which  drains  about  55  square  miles,  and  enters  the  main  stream  a  few  miles  below  High 
shoal,  has  2  mills  using  a  small  amount  of  power,  one  of  them  with  a  fall  of  27  feet. 

The  next  tributary  of  the  Ocmulgee  worthy  of  mention  is  the  Alcovee  river,  which  enters  from  the  left  only 
about  a  mile  below  the  junction  of  the  South  and  the  Yellow  rivers.  It  takes  its  rise  in  Gwinnett  county,  pursues  a 
course  nearly  south  through  Walton  and  Newton  counties,  entering  the  Ocmulgee  on  the  line  between  l>rewton  and 
Jasper,  its  length  in  a  straight  line  being  about  45  miles,  and  its  drainage  area  about  320  square  miles.  In  its 
upper  part  it  is  not  favorable  for  power,  being  flat,  and  with  no  falls;  and  it  is  only  below  the  Georgia  railroad 
that  there  is  any  power  worth  mentioning.  Its  elevation  at  the  crossing  of  the  Georgia  railroad  is  about  550  feet. 
The  following  are  the  powers  on  the  stream  as  it  is  ascended: 

ISTewton  Factory  shoal,  or  High  shoal,  about  5  or  6  miles  from  the  mouth,  and  11  or  12  miles  from  Covington, 
the  nearest  railroad  point,  is  about  half  a  mile  in  length,  and  the  fall  was  variously  stated  at  from  50  to  70  feet,  the 
former  of  which  1  believe  to  be  the  more  nearly  correct,  though  I  did  not  visit  the  place.  At  the  upper  part  of  the 
shoal  is  the  Newton  factory  (W.  E.  Phillips,  Atlanta),  but  the  dam  was  washed  out  in  the  freshet  of  May,  1881.  It 
was  200  feet  by  6,  affording  a  fall  of  12  feet  at  the  cotton-,  saw-,  and  grist-mills,  withsa  race  of  25  f«et.  The  lower 
part  of  the  faU  is  used  by  the  cotton  factory  of  H.  &  T.  M.  White,  with  a  dam  of  loose  rock  50  or  60  feet  long  and 
3  or  4  feet  high,  reaching  only  part  way  across  the  stream.  A  head-race  of  60  feet  gives  a  fall  of  6  feet,  and  the 
power  used  is  20  horse-power.  Above  the  factory  is  a  grist-mill,  with  a  small  power.  The  total  fall  at  this  place  is 
said  to  be  available,  and  it  is  no  doubt  a  fine  power.  The  rainfall  on  all  the  drainage-basins  of  the  Alcovee,  South, 
and  Yellow  rivers  may  be  given  here  once  for  all.  It  is :  spring,  12 ;  summer,  13 ;  autumn,  10 ;  winter,  13  ;  year,  48. 
I  have  therefore  estimated  the  power  at  the  shoal  above  described  as  in  the  following  table : 

Table  of  power  at  Newton  factory  or  High  shoal,  on  the  Alcovee  river. 


Stite  of  flov  (aee  pages  18  to  21). 


Drainnge 
area. 


FaU.; 


Flow  per 
second. 


Horse-power  available, 
gross. 


Minimam 

Hinimnin  low  season 

Maximum,  with  storage. 
Low  season,  dry  yeacs . . . 


8q.  miles. 


266  ± 


Feet. 


1  foot  /aU. 

4.2 

5.4 

30.0 

6.2 


50  feet  fatt. 

210 

275 

1,500 

315 


*  Probably  59  feet  or  over. 

The  next  shoal  is  at  Henderson's  mill,  6  miles  south  of  Covington,  where  the  fall  is  9  feet,  with  a  dam  5  feet 
high  and  180  feet  long,  which  backs  the  water  4  miles.  Above  this  the  stream  is  sluggish,  and  there  is  said  to  be 
only  one  shoal,  known  as  Hinton's,  with  a  fall  of  5  feet  over  a  ledge  of  rock. 

The  principal  tributary  of  Alcovee  river  is  Bear  creek,  which  enters  from  the  Ipft  below  High  shoal,  draining 
about  31  square  miles. 

The  Yellow  river,  one  of  the  two  streams  which  form  the  Ocmulgee,  takes  its  rise  in  Gwinnett  county,  and 
pursues  a  course  a  little  east  of  south,  cutting  off  a  corner  of  DeKalb,  and  passing  through  Rockdale  and  Newton 
counties,  draining  a  total  area  of  about  422  square  miles,  its  length  being  about  45  miles  in  a  straight  line.  It  passes 
within  3  miles  of  the  towns  of  Conyers  and  Covington.  It  is  a  better  stream  for  water-power  than  the  Alcovee, 
and  is  said  to  be  a  bolder  stream,  withjpore  rapid  fall  and  less  low  ground.  It  is  "very  tortuous,  presenting  many 
abrupt  turns,  with  high,  sharp  spurs  jutting  in  and  frequent  rock  cliffs,- particularly  for  from  10  to  15  miles  in  the 
vicinity  of  Stone  mountain".*     The  finest  quality  of  granite  is  found  in  this  vicinity  in  inexhaustible  quantities. 

The  shoals  will  now  be  described  in  their  order: 

The  first  is  Indian  Fishery  shoal,  where  the  fall  is  12.2  feet  in  400.  At  the  head  of  the  shoal  a  natural  rock- 
dam  extends  entirely  across  the  river,  with  deep  water  above  it.  A  fall  of  11  feet  is  used  by  a  grist-mill  on  the 
right  bank,  which  is  the  most  favorable  side  for  building,  the  left  bank  being  steep.  The  width  of  the  stream  ia 
about  320  feet.    The  table  on  page  157  gives  estimates  of  the  power. 
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Table  of  power  at  Indian  Fishery  shoal,  Yellow  river. 
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state  of  flow  (see  pages  18  to  21). 


Drainage 

area. 


Minimum 

Minimum  low  season  . . . 
Maximum,  with  storage 
Low  season,  dry  years  . . 


iSq.  milea. 


420 


Tall. 


JTeet 


12. 277 


Flow  per 
second. 


Oubicfeet. 

59 

76 

420 

87 


Horse-power  availaUe, 
gross. 


1  foot  fall. 

6.7 

8.0 

47.7 

9.9 


12.S  feet  fall. 

82 
106 
587 
123 


Allen's  shoal  has  a  fall  of  1.8  feet  in  400,  not,  used,  and,  unless  a  dam  of  considerable  height  could  be  built,  of 
course  useless.  There  was  once,  however,  a  mill  here.  The  width  of  the  stream  at  the  head  of  the  shoal  is  about 
200  feet. 

Lee's  shoal,  not  improved,  has  a  fall  of  3.9  feet  in  1,400.  The  width  of  the  stream  is  about  275  feet  at  the 
head  of  the  shoal,  and  the  bed  is  exposed  rock,  for  400  feet,  when  the  stream  bends  abruptly  to  the  right.  The 
power  is  probably  available.  The  drainage  area  of  the  stream  being  but  little  smaller  than  at  its  mouth,  the 
available  power  can  be  calculated  from  the  preceding  table. 

Webb's  shoal  and  Flat  shoal  are  two  shoals  with  small  falls,  and  are  of  no  value. 

Dried  Indiau  shoal,  not  improved,  has  a  fall  of  7.2  feet  in  1,500,  all  of  which  is  probably  available,  and  could 
perhaps  be  increased  by  a  dam.  The  width  of  the  stream  at  the  head  is  about  200  feet,  and  the  bed  is  rock.  Dried 
Indian  creek  enters  below  the  head  of  the  shoal.    The  following  table  gives  an  estimate  of  the  power : 

Table  of  power  at  Dried  Indian  shoal,  Yellow  river. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season  . . . 
Maximum,  with  storage 
Low  se-ison,  dry  years.  - 


Drainage 

arei. 

Sq.  miles. 

Fall. 

Flow  per 
second. 

Horse-power  available, 
gross. 

Feet. 

Oubicfeet. 

1  foot  fall. 

7.2feetfdll. 

f         56 

6.4 

48 

400 

• 

7.241 

72 
j         400 

8.2 
45.4 

59 

327 

82 

9.3 

67 

Cedar  shoal  is  the  next  above,  and  is  the  most  important  one  on  the  river,  the  fall  being  62.6  feet  in  4,875,  or 
less  than  a  mile.  The  stream  is  very  variable  in  width,  and  the  channel  is  interspersed  with  islands.  At  the 
head  of  the  shoal  the  width  is  290  feet,  and  about  300  feet  below  is  a  dam,  extending  diagonally  across,  327  feet  long 
and  4  feet  high,  of  wood  and  stone,  built  in  1878  at  a  cost  of  $1,500.  It  is  bolted  to  the  rock,  and  has  never  been 
injured  by  freshets.  It  backs  the  water  for  3  miles  with  an  average  width  of  300  feet  or  so.  A  race  300  feet  long 
leads  to  a  cotton-yam  factory  and  a  grist-  and  saw-mill  on  the  right  bank,  the  factory  using  a  fall  of  16  feet  and  70  or 
80  horse-power  perhaps,  and  the  grist-  and  saw-mill  using  a  fall  of  21  feet  and  about  50  horse-power.  Full  capacity 
can  always  be  obtained,  with  a  waste  of  water  at  all  times.  Just  below  the  mills  is  a  large  island.  The  banks  on 
the  right  are  high  and  hilly  near  the  factory  and  below,  but  not  bluffy  till  near  the  foot  of  the  island  above  referred 
to,  where  they  are  very  steep  and  rocky,  and  continue  so  to  the  foot  of  the  shoal.  The  entire  fall  could  not  be 
utilized  on  this  bank.  The  left  bank  is  not  so  steep  or  hilly,  and  power  has  been  used  on  that  side,  a  dam  700  feet 
long  having  been  built  below  the  island,  extending  diagonally  across  the  stream,  and  supplying  power  to  mills  below 
by  a  race  700  feet  long.  No  power  is  used  here  now,  and  the  dam  is  almost  entirely  washed  away.  The  power  could 
doubtless  best  be  utilized  in  two  parts,  the  upper  part,  as  now  used,  on  the  right  bank,  and  the  lower  part,  with  a 
fall  of  43  feet  or  so,  on  the  left  bank.    The  width  of  the  stream  below  the  shoal  is  200  feet. 

The  following  table  contains  estimates  of  the  power: 

Table  of  power  at  Cedar  shoal,  Yellotc  river. 


state  of  flow  (see  pages  18  to  31). 


Drainage 


Fall. 


Flow  per 
second. 


Horse-power  available,  gross. 


Sq.  miles. 


Minimum 

Minimum  low  season 

Maximum,  with  storage. 
Low  season,  dry  years. . . 


Feet. 


62. 664 


Oubicfeet. 
f  53 

68 
376 

78 


1  footfall. 
6.0 
7.7 
42.7 


iii  feet  fall. 
120 
154 
854 
176 


62.664 /ee(/a!J. 

376 

482 

2,676 

651 


This  shoal  is  3  or  4  miles  above  Indian  Fishery  shoal,  and  3  miles  from  Covington,  which  is  the  nearest 
railroad  point.    The  fa^-tory  above  described  is  known  as  the  Covington  Mills  (O.  S.  Porter). 
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The  next  shoal  above  Cedar  shoal  is  Crew's  shoal,  at  the  mouth  of  Turkey  creek.  The  fall  is  not  large, 
perhaps  4  feet  or  so.  The  power  available  can  be  obtained  from  the  preceding  table  with  sufficient  accuracy. 
Hendrick's  and  Meriwether's  shoals  follow,  but  are  too  small  to  be  of  special  value.  A  fall  of  6  feet  could  be 
obtained  by  a  dam. 

The  next  shoal  is  5  miles  above,  at  the  crossing  of  the  Georgia  railroad,  and  is  known  as  Bridge  shoal.  The 
fall  is  4.3  feet  in  1,000,  but  the  principal  part  occurs  in  the  first  500  feet.  The  power  is  unimproved,  but  formerly 
there  was  a  mill  there,  and  the  remains  of  the  dam  are  still  to  be  seen.  The  width  of  the  stream  at  the  head  is 
about  125  feet.  The  banks  on  the  left  are  steep,  the  hills  running  close  up  to  the  river  for  the  entire  length  of  the 
shoal;  the  right  bank  is  8  or  10  feet  high,  of  rock  and  clay.  The  drainage  area  above  this  shoal  is  only  a  little 
smaller  than  above  Cedar  shoal,  so  that  the  power  available  may  be  approximated  by  taking  the  power  per  foot 
fall  the  same  as  there  given.     All  the  falls  thus  far  given  may  be  capable  of  being  increased  by  building  dams. 

A  short  distance  above  the  bridge  is  the  mouth  of  Big  Huynes  creek,  the  principal  tributary  of  the  Yellow 
ri^•er,  and  2  miles  above  is  Glenn's  shoal,  5  miles  from  Conyers,  with  a  fall  of  perhaps  12  feet  or  a  little  more.  Pour 
miles  further  up  is  the  Eockdale  paper-mill,  2  miles  from  Conyers,  situated  on  a  fine  shoal  between  a  quarter  and 
a  half  mile  in  length,  with  a  total  fall  of  between  50  and  60  feet.  The  bed  of  the  stream  is  rock,  and  the  banks, 
rhongh  not  bluffy,  are  sufiiciently  high  to  allow  of  perfectly  safe  locations,  without  much  difficulty  in  building 
canals.  At  the  head  of  the  shoal  is  a  dam  150  feet  long  and  10  feet  high,  built  of  crib-work  in  1871  at  a  cost  of 
about  $1,000.  The  foundation  is  solid  rock.  The  pond  is  2  miles  long  and  200  feet  wide  or  thereabout.  At  the 
dam,  on  the  right  bank,  is  a  saw-mill,  using  a  fall  of  12  feet  and  12  horse-power.  A  race  700  feet  long  leads  on  the  same 
side  to  the  paper-mill,  where  the  fall  is  20  feet,  the  water  being  discharged,  not  to  the  river,  but  to  a  lower  race 
leading  to  a  grist-mill,  where  the  fall  to  the  river  is  13  feet.  The  paper-mill  uses  60  horse-power,  and  the  grist-mill 
30.  Below  the  tail-race  of  the  grist-mill  the  fall  is  at  best  15  feet  in  a  quarter  of  a  mile,  all  of  which  is  available. 
Full  capacity  can  be  obtained  at  these  mills  all  the  time  as  a  rule,  but  with  very  little  waste  of  water  in  dry  weather 
during  running  hours.  The  water  is  not  drawn  down  in  the  pond  during  working  hours.  The  following  table 
gives  my  estimate  of  power  at  this  shoal.     It  has  served  as  a  guide  in  my  calculations  for  other  shoals  on  the  river: 


Table  of  power  at  Rockdale  paper-mill^  Yelloio  river. 


state  of  flow  (see  pa^es  18  to  21). 


Drainage 
area. 


PaU. 


Mow  per 
second. 


Horse-power  available. 


Minimum 

Miijimnm  low  season  . . . 
Maximum,  with  storage 
Low  season,  dry  years.. 


Sq.  miles. 


222 


About  50  feet. 


Cubicfeet. 

(  31 

j  40 

■)     '    222 


1  fooji/all. 

3.5 

4.5 

25.2 

5.2 


50  feet  fcM. 

175 

225 

1,260 

260 


This  table  will  serve  to  show  the  available  power  at  Glenn's  mill  below,  the  drainage  area  being  about  the 
same. 

Six  or  seven  miles  above  this  shoal  is  Baker's  mill,  with  a  fall  of  9  or  10  feet,  and  2  pair  of  stones.  Above  it, 
but  not  worthy  of  special  mention,  are  four  other  small  grist-mills. 

Big  Haynes  creek,  already  referred  to  as  the  principal  tributary  of  Yellow  river,  drains  about  85  square  miles. 
It  has  a  number  of  good  small  jiowers  not  used,  and  is  said  to  be  less  variable  than  most  of  the  streams  in  the 
neighborhood.  It  is  said  on  good  authority  that  it  has  more  available  powers  than  any  stream  of  its  size  in  the 
vicinity,  and  that  it  is  an  excellent  stream  in  all  respects.  One  of  its  tributaries.  Little  Haynes  creek,  has  a  couple 
of  small  mills,  and  below  its  mouth  there  is  no  power  on  the  main  stream, but  above  there  are  several  shoals.  The 
lowest  is  Kennedy's,  with  a  fall  of  28  feet,  all  utilized,  the  dam  being  2,J  feet  high,  and  the  race  500  feet  long. 
The  next  is  an  unutilized  power,  with  an  available  fall  of  about  20  feet  within  a  distance  of  a  quarter  of  a  mile. 
Then  comes  a  grist-mill  with  16  or  17  feet;  then  a  shoal  not  used,  known  as  Indian  shoal ;  then  a  grist-  and  saw-mill 
with  25  feet  available  and  19  feet  used.    Above  are  other  and  smaller  powers. 

It  is  evident  from  the  foregoing  that  the  Yellow  river,  with  its  tributaries,  offers  a  large  amount  of  very  fine 
i>ower.  It  is,  in  fact,  one  of  the  best  streams  in  the  vicinity,  and  it  should  not  be  long  before  more  of  its  available 
power  is  utilized. 

South  river,  the  other  of  the  two  streams  which  form  the  Ocmulgee,  rises  in  Fulton  county,  not  far  frona  the 
city  of  Atlanta,  flows  east  into  DeKalb  county,  and  thence  southeast,  forming  the  boundary-line  between  Eockdale 
and  Newton  counties  on  its  left,  and  Henry  and  Butts  on  its  right.  Its  length,  in  a  straight  line,  rs  about  45  miles, 
and  its  drainage  area  is  595  square  miles,  or  greater  than  that  of  the  Yellow  or  that  of  the  Alcovee  river.  In 
general  character,  rainftill,  etc.,  it  resembles  them  ;  and,  lilce  the  former,  it  has  a  number  of  good  shoals,  affording 
considerable  power.  For  almost  all  ray  information  regarding  the  water-powcr.s  on  South  river  I  am  indebted  to 
Mr.  A.  ().  Brown,  of  Conyers,  who  is  thoroughly  acquainted  with  all  the  powers  in  the  vicinity,  and  whose  statements 
arc  entitled  to  the  utmost  reliance. 
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The  first  is  Pine  Log  shoal,  not  utilized,  but  the  fall  is  small,  and  the  power  unimportant. 

The  next  is  Island  shoal,  5  or  6  miles  from  the  mouth  and  15  miles  from  Covington.  The  fall  is  about  17  feet 
in  a  quarter  of  a  mile,  all  of  which  is  available,  and  about  11  feet  of  which  are  used  by  a  grist-  and  saw-mill,  with  a 
dam  2J  feet  high.  The  banks  and  the  bed  are  said  to  be  favorable.  The  following  table  gives  an  estimate  of  the 
power,  assuming  the  fall  at  17  feet : 

Table  of  power  at  Island  shoal,  South  river. 


state  of  flow  (see  pages  18  to  21). 


Drainage 


Fall. 


Flow  per 
second. 


Horse-power  available, 
gross. 


Minimum 

Miuinmm  low  season  . . . 
Maxiniuni,  with  storage 
Low  season,  dry  years  . . 


Sq.  miles. 


578 


Feet. 


17 


1  foot  fail. 

0.2 

11.8 

05.7 

13.5 


17  feet  fall. 

156 

200 

1,117 

221» 


Three  miles  above  is  Snapping  shoal,  above  the  mouth  of  Snapping  Shoal  creek,  and  about  15  miles  from 
Conyers  and  Covington.  The  available  fall  is  16  feet  or  more  in  a  quarter  of  a  mile,  of  which  14  are  used  by  a 
grist-  and  saw-mill  with  a  wing-dam. 

Table  of  power  at  Snapping  shoal. 


state  of  flow  (see  pages  18  to  21). 

Drainage 
area. 

Fall. 

Flow  per 
second. 

Horse-power  available, 
gross. 

Minimum 

Sq.  miles. 
^        495 

Feet. 
16  ± 

Cubic  feet. 
C             69 
J              89 
1            495 
I            102 

1  foot  fall. 
7.8 
10.1 
56.2 
11.6 

16  feet  fall. 
125 

162 

900 

186 

Above  it  is  a  shoal  known  as  the  Pearsal  old  shoal,  now  not  used,  but,with  a  fall  said  to  amount  to  10  or  12 
feet  in  a  short  distance.  It  is  above  the  mouth  of  Walnut  creek,  and  the  flow  is  probably  about  four-fifths  of  that 
at  Snapping  shoal. 

Eight  miles  above  Snapping  shoal  is  Peachstone  shoal,  above  the  mouth  of  Cotton  river,  a  considerable  stream, 
which  enters  from  the  south  or  west.  It  is  said  that  a  fall  of  15  feet  is  available  in  one-third  of  a  mile,  of  which  a 
grist-  and  saw-mill  and  furniture  shops  use  10  feet. 

Table  of  power  at  Peachstone  shoal. 


state  of  flow  (see  pages  18  to  21). 


Drainage 
area. 


Fall, 


Flow  per 
second. 


Horse-power  available, 
gross. 


Minimum 

Minimum  low  season  . . 
Maximum,  with  storage 
Low  season,  dry  years. . 


Sq.  miles. 


253  ± 


Feet. 


15  ± 


Cubic  feet. 

I  45 

I  253 

I  52 


\  foot  fall. 

4.0 

S,2 

28.7 

6.0 


lb  feet  fall. 

60 

78 

430 

90 


Passing  one  small  shoal  not  used,  and  of  no  value,  the  next  power  is  7  miles  above  Peachstone  shoal,  at  McMte's 
grist-  and  saw-mill.  A  fall  of  about  12  feet  is  used,  and  it  is  said  that  by  raising  the  dam'  20  feet  could  easily  be 
rendered  available.    This  power  is  7  miles  from  Conyers,  and  above  the  mouth  of  Honey  creek. 

Table  of  power  at  McNite's  mill. 


state  of  flow  (see  pages  18  to  21). 


Minimum 

Minimum  low  season  --. 
Maximum,  witb  storage. 
Low  season,  dry  years. . . 


Drainage 
area. 


Sq.  miles. 


200 


Fall.* 


Flow  per 
second. 


Horse-power  available,  gross. 


1  foot  fall. 

3.0 

3.9 

22.7 

4.4 


12  feet  fan. 

36 

46 

272 

53 


20  feet  fall. 

60 

78 

454 


*  Utilized,  12  feet,-  available,  20  feet  ±. 

The  next  in  order  is  the  Powell  shoal,  which  is  not  utilized.    It  is  about  half  a  mile  long,  with  a  gradual  fall  for 
the  whole  distance. 
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The  Albert  shoal,  4  miles  above  McNite's,  and  unimproved,  is  said  to  have  an  available  fall  of  over  18  feet. 
The  bed  is  rock,  and  the  banks  good. 

Four  miles  above  is  Flat  shoal,  where  is  located  the  cotton  factory  of  the  Oglethorpe  Manufacturing  Company 
(Robert  M.  Clark,  president).  A  wooden  dam,  200  or  250  feet  long  and  4  feet  high,  bolted  to  the  rock,  extends 
across  the  stream  in  the  shape  of  a  Y,  with  the  apex  up  stream.  The  race  is  250  feet  long,  and  on  one  side  of  the 
river  is  the  factory,  with  a  fall  of  23  feet,  and  on  the  other  a  cotton-gin,  flour-  and  saw-mill,  with  a  fall  of  16  feet ;  and 
there  was  formerly  a  second  factory  on  that  side,  but  it  was  burned  a  short  time  ago.  It  is  said  that  the  total  fall 
available  is  28  feet.  The  factory  is  a  yarn-mill,  with  3,000  spindles ;  and  the  one  which  was  burned  had  6,000. 
The  flow  of  the  stream  here  is  considerably  influenced  by  the  fact  that  the  city  of  Atlanta  takes  its  water-supply 
from  a  point  further  up,  pumping  the  water  up  by  steam.  The  exact  amount  thus  taken  from  the  stream,  however, 
I  am  unable  to  state.  Nevertheless,  Mr.  Clark  states  that  he  could  run  all  his  mills,  including  the  factory  which 
was  burned,  at  fuU  capacity  for  nine  months  of  the  year  by  running  12  hours  a  day  and  drawing  down  the  water 
in  the  pond  at  night.  I  submit  no  estimate  of  the  power  here  for  these  reasons.  The  shoal  is  16  miles  from 
Atlanta  and  7  miles  from  Lithonia,  the  nearest  railroad  point.  The  drainage  area  above  this  place  is  about  170 
square  miles.  The  estimates  given  for  the  shoals  below  this  are  of  course  almost  as  much  liable  to  error  as  those 
for  this  one  would  be.    As  the  stream  is  descended  and  becomes  larger,  they  become  less  so. 

There  are  no  powers  worth  mentioning  above  this.  The  most  important  tributary  of  South  river  is  Cotton  river 
or  Cotton  Indian  creek,  which  rises  in  Clayton  county  and  flows  east,  joining  the  South  river  in  Henry  county.  It  is 
said  to  be  a  good  stream  in  dry  weather,  and  has  several  mills  and  sites.  Its  drainage  area  is  about  125  square  miles. 

The  South  river,  like  the  other  streams  in  this  region,  is  subject  to  heavy  freshets.  The  year  1881  was 
remarkable  in  this  respect,  there  having  been  no  fewer  than  five  freshets  in  the  spring  within  six  weeks,  one  of 
which  was  the  heaviest  in  twenty  years.  Half  of  Mr.  Clark's  factory  was  carried  away  in  the  third  one,  with 
machinery  and  all ;  and  the  fourth  one  washed  out  his  head-gates  and  races  and  part  of  the  dam.  On  Cotton 
river  one  dam  was  carried  away  four  times,  and  in  the  fourth  freshet  the  mill  also  was  carried  away. 

As  regards  the  facilities  for  the  construction  of  storage-reservoirs  on  aU  these  streams,  it  is  only  to  be  said  that 
topographically  numerous  suitable  sites  could  be  found,  but  the  dif&culty  is,  as  in  the  case  of  southern  streams 
generally,  that  the  lands  which  would  ,be  flowed  are  the  finest  farming  lands  to  be  had — the  bottom-lands  along 
the  streams. 

Table  of  power  utilized  on  the  Altamaha  river  and  tributaries. 


ITame  of  stream. 


Tributary  to  "what. 


State. 


Connty. 


Kind  of  mill. 


So 


Trlbntaries  to 

Do 

Do 

Oconee 

Do 

Do 

Do , 

Do 

tittle  river 

Do 

Do 

Do 

Do , 

Do 

Appalachee 

Do 

Do 

Do 

Other  tnbntaries  of. . 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Altamaha. 

...do  

...do , 

...do  

....do 

...do , 

...do  

...do , 

Oconee 

...do 

...do  

...do 

...do 

...do 

...do  

...do 

...do , 

...do  

...do 

...do  

...do  

...do  

...do  

. . .do 

...do  

...do 

...do  

...do  

...do 


Georgia . 
...do... 
...do... 
...do... 
...do  .... 
...do... 
...do  ... 
...do  ... 
...do  ... 
...do... 
...do... 
...do  ... 
...do  ... 
...do... 
...do  ... 
...do  ... 
...do... 
...do  ... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
....do... 
...do... 
...do... 


Tattnall 

...  do 

Johnson 

Baldwin 

Putnam 

Greene 

...do 

Clarkft  

Putnam 

...do 

Morgan 

M"e'wton 

....do 

Walton 

Morgan 

Walton 

...do 

Gwinnett 

Laurens 

...do 

Johnson  

Twiggs 

...do 

Washington . 
Wilkinson . . . 

....do 

....do 

Hancock 

Jones 


Flour  and  grist 

Saw 

Flour  and  grist 

...do 

...do 

Cotton  factory 

Flour  and  grist 

...do 

...do , 

Saw 

Flour  and  grist 

...do , 

Cotton-gin 

Flour  and  grist 

...do  

Cotton  factory 

Flour  and  grist 

...do  

...do  

Saw 

Flour  and  grist 

...do 

Saw 

Flour  and  grist  — 

....do  

Saw 

Agricnltnral  implem'ts 
Floni  and  grist ... . 
....do 


62 
53 
24 
70 
70 


104 
0 

165 
20 
25 
30 
15 
45 
20 

too 

124 

10 

50 

50 

23 

63 

20 

58 

140 

102 

4 

D5 


820 
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Table  of  utilized  power  on  the  Altamaha  river  and  tributaries — Continued. 


Name  of  stream. 


Other  tribntaries  of- 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

North  Oconee 

Middle  Oconee 

North  and  Middle  Oeonee  and  tribu- 
taries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do _- 

Do 

Do 

Do 

Do 

Do 

Ocmolgee 

Do 

Do 

Do 

Do 

Do  

Tributaries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.--.- 

Do 

Do 

Towaliga 

Do 

Do 

Do .-.. 

Do 

Do 

A-lcovee 

Do 

Do 

Do -■ 

Do 

Do 

Do 

Tello  w  river 

Do 

Do 


Tributary  to  what. 


Oeonee  . 
...do  ... 
---do-- 
..  do  ... 
..  do  .. 
..  do  ... 
...do  ... 
...do  .. 
...do  ... 
...do  .. 
..do  . 
...do.. 
...do  .. 
...do  .. 
...do  .. 
...do  .. 


...do 

..  do 

--.do 

...do 

..do 

...do 

...do 

...do 

...do 

..do 

...do 

...do 

Altamaha. 

.-.do 

...do 

...do 

...do 

...do 

Ocmulgee . 

...do 

--.do 

--de 

--  do 

--.do 

...do 

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do  

.-  do 

...do    

...do 

...do 

...do 

...do , 

...do 

...do 

...do  

...do , 

..  do 

...do 

...do 

...do 

...do  


.do 

do 

do 

do 

.do 

.do 

do 

.do 

.do 

.do 

-do 

do 

.do 

.do 

.do 

.do 

.do' 

-do 

.do 

..do 

..do 

do 

..do 

.do 

..do 

..do 

..do 

.do 

.do 

.do 

.do 

..do 

..do 

..do 

.do 

..do 

..do 

,  do 

.do 

,  do 

.do 

.do 

do 

.do 

..do 

do 

do 

.do 

*  Newton  factory— 


State. 


Georgia. 


.do. 
do  . 
do. 
.do  . 
-do  . 
.do- 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 
-do  . 
do  . 
-do  . 


County. 


Baldwin 

Jasper 

Putnam 

...do 

Morgan 

Walton 

Greene 

..  do 

...do 

Oconee 

Oglethorpe . 

...do 

Gwinnett . . 

Clarke 

.--.do 

---do  ....'.. 


...do 

.-  do 

Gwinnett . 

--.do 

Madison  .. 

Hall 

...do 

tTackson  .. 

.--do 

--  do 

.-  do 

...do 

Monroe  . . . 

Jones 

Butts 

.-  do 

Jasper 

Henry 

Wilcox  - . . 

...  do 

Podge 

Pulaski  -- 

.--  do  -..:. 

..  do 

Houston.. 

...  do 

...do 

Twiggs... 

Crawford  - 

Bibb 

.--.do 

.--.do 

Monroe  . . . 

...do 

.-..do 

...do 

Henry 

...  do  

Newton. . . 

-.  do 

-  -  do 

--.do 

Walton . .  - 

Gwinnett . 
.-..do    .... 

Newton.. . 

...do    .... 

do 

■not  now  in  operation. 


1 


Kind  of  mill. 


Flour  and  grist . 

.--  do 

--.do 

Saw 

Flour  and  grist . 

...do 

..  do 

Saw 

Cotton.gin 

FlOur  and  grist  . 

...do  

Saw 

Woolen 

Cotton  factory . . 

.-do 

Saw 


Paper 

Flour  and  grist  . . . 

...do 

Saw 

Flour  and  grist .  - . 

...do 

Saw 

...do 

Flour  and  grist . . 

Cotton-gin 

Leather  

Woolen 

Flour  and  grist ... 

.--do 

...do 

Saw 

Woolen 

Flour  and  grist . . 

..  do 

Saw 

Flour  and  grist  - . 

....do 

Woolen 

Saw 

...  do  

Flour  and  grist  - . 
Cotton  factory . . . 
Flour  and  grist . . 

...do 

...do 

Saw 

Cotton-gin 

...  do  

Saw 

Flour  and  grist . . 

Wool-carding 

Flour  and  grist . . 

Saw 

Cotton  factory... 
Flour  and  grist . . 

Saw 

Cotton* 

Flour  and  grist . . 

..-.do 

Wheelwrighting  . 
Cotton  factory... 

Paper 

Flour  and  grist . . 


1 
7 
6 
1 
1 
2 
1 
2 
4 
1 
2 
] 
1 

1 
4 
2 
1 
2 

11 
1 
8 

13 
5 
1 
1 
1 
1 
4 
1 
1 
2 
1 
1 
1 
5 
1 
1 
3 

10 
1 


o   , 

<^% 

S  to 

I— I  03 


Feet. 
37 
30 
73 


91 
16 
23 
41 
22 
66 
128 
16 
32 
20 
12 

16 

62 

32 

12 

29 

170 

16 

146 

201 

82 

30 

8 

12 

12 

48 

12 

12 

34 

6 

6 

45 
9 
9 

29 

12 
8 


13 

9 
11 
39 

5 

100 

30 

6 
30 
19 
12 
66 
34 
14 
16  I 
20 
21 


32 

178 

25 

90 

122 

50 

32 

11 

30 

30 

100 

12 

330 

100 

10 

75 

82 

26 

12 

13 

130 

15 

141 

187 

79 

IC 

« 


103 
40 

6 
14 

4 
24 
10 
46 

4 
15 
46 
186 
60 
11 
90 
20 
30 

8 
12 
15 
76 

4 
120 
36 
20 
40 
15 

18 
64 
5 
76 
60 
25 
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Table  of  power  utilized  on  the  Altamaha  river,  and  tributaries — Continued. 


Name  of  stream. 


Tributary  to  what. 


State. 


County. 


Eind  of  milL 


1 

I 

o 

in 


I 
p. 


Yellow  river 

Do 

Do  ...^ 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

.  South  river 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

^her  tributaries  of. . 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries  of 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do  . 
Do. 
Do.. 
Do.. 
Do. 
Do. 
Do., 
Do.. 
Do.. 
Do.. 
Do., 
Do., 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Ocmulgee. 


...  do  ... 
....do  ... 
....do  ... 
...-do... 
...do  ... 

...do  ... 
....do  ... 
....do  ... 
..,.do... 

...do... 
....do  ... 
...do  ... 
...  do  ... 
....do  ... 

...do  ... 
....do  ... 
...do... 

...do  ... 

...do  ... 
...do  ... 
....do  ... 
...do  ... 

...do  ... 

...do... 
...  do... 

...do... 

...do  ... 

...do.-. 

...do... 
....do  ... 
....do... 
....do  ... 
....do-.. 

South... 

.:..do... 

....do  ... 
...do... 
....do  ... 
,...do  ... 
...do... 
,...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
,...do... 
Yellow.. 
...do... 
...do.  . 
...do  ... 
...do... 
....do  ... 
,...do... 
...do... 
...do... 
...do  ... 
...do  ... 
Alcovee- 
...do... 
...do  ... 
...do... 


Georgia. 


..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do  . 
..do 
..do. 
..do  - 
..do  . 
..do  . 
..do  . 
..do  . 
.do  . 
..do  . 
.do. 
.do., 
.do. 
-do  . 
.do  . 
.do  . 
.do  . 
.do. 

do  . 
.do. 
.do. 
.do  . 

do  . 
.do  . 
.do  . 
.do  . 
.do. 
.do. 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 

do  . 
.do. 

do. 
.do  . 
.do  . 
.do  . 
.  do  . 
..do. 
..do. 
..do  . 
.do  . 
.do. 
.do. 
.do. 
..do  . 
..do. 
.do  . 
..do. 
..do. 
..do. 
..do  . 
.do. 


Newton... 
Bockdale  . 

....do 

....do  

....do  

De  Kalb  . . 

..-.do  

Gwinnett . 

...  do 

....do  

De  Kalb  . . 

Henry 

....do  

...  do  

...  do 

Newton... 

...do 

Eockdale  . 

...do  

...do 

De  Kalb  . . 

...do 

...do 

...do 

Fulton 

...do 

...do 

Pike 

Monroe  . . . 

...do 

...do 

Henry 

--  do 

Butts 

Henry 

...do 

...do 

Clayton... 
Kockdale  . 

...do 

...do 

-.  do 

Newton... 
DeKalb  .. 

...do  

...do 

...do 

Newton... 

...do 

...do  

...do 

Bockdale  . 

...do  

"Walton... 

...do  

Gwinnett . 
DeKalb  .. 

...do  

....do 

....do  

Walton... 
Gwinnett . 

...do  

....do  


Saw 

Flour  and  grist  — 

Saw 

Cotton-gin 

Furniture 

Flour  and  grist 

Cotton-gin ... 

Flour  and  grist 

Furniture 

Saw 

Cotton  factory 

Flour  and  grist 

Agricultural  implem'ts 

Furniture 

Saw 

...do 

Flour  and  grist 

...do  

Cotton-gin 

Furniture 

Flour  and  grist 

Saw 

Cotton-gin 

Furniture 

Saw 

Flour  and  grist 

Cotton-gin 

Flour  and  grist 

---do 

Saw , 

Cotton-gin 

Flour  and  grist 

Saw 

Floui"  and  grist 

...do , 

Saw 

"Woolen — 

Flour  and  grist 

...do 

Saw - 

Cotton-gin 

Leather 

Flour  and  grist 

...do 

Saw 

Cotton-gin , 

Paper  

Leather 

Cotton-gin , 

Flour  and  grist 

Cotton-gin 

Flour  and  grist 

Saw 

...do  

Flour  and  grist 

...do 

..  do 

Saw 

Cotton  gin 

Furniture 

Flour  and  grist 

....do  

Cotton.giu 

Saw 


2 
2 
1 
1 
1 
1 
1 
6 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
2 
1 
2 

U 
1 
1 
3 
2 
i 
3 
1 
1 
2 
3 
1 
2 
1 
1 

10 
3 
6 
3 
1 
1 
2 
1 
3 
1 
1 


Feet. 

24 

U 

14 

14, 

7 

7 

66 

8 

14 

23 


9 
30 
30 
24 
16 
9 
35 
10 
10 
10 
22 
34 
22 
74 

157 
11 
11 
78 
83 
52 

119 
10 


02 
18 
31 
8 
30 

181 
44 

108 
99 
15 
15 
37 
12 
70 

15 
35 
61 
26 
65 
32 
15 
18 
54 
15 
18 


80 
70 
10 
10 
10 
15 
6 
126 
10 
15 

20 

3 

3 

20 

10 

25 

39 

4 

6 

65 

15 

12 

S 


55 
148 


38 
23 
45 
26 
10 

5 
33 
48 

G 
22 

4 
12 
128 
30 
54 
153 
20 
15 
18 

8 
78 
IS 

8 
22 
10 
25 
20 
33 

3 

8 
32 

S 
20 


822 


SOUTPIERN  ATLANTIC  WATER-SHED.  163 

XIL— THE  STREAMS  SOUTH  OF  THE  ALTAMAHA. 


These  streams  offer  so  small  an  amount  of  power  that  they  are  not  worthy  of  special  mention.  None  of  them 
reach  above  the  fall-line,  so  that  they  have  no  falls  of  importance,  the  larger  ones  being  generally  sluggish  and 
navigable,  and  bordered  by  swamplands.  Some  of  the  smaller  ones  may  be  classed  as  sand-hill  streams,  and  offer 
some  power,  which  is  utilized  to  a  certain  extent  by  saw-  and  grist-mills,  and  it  may  be  that  on  some  of  them 
moderately  large  powers  could  bo  developed.  There  are  no  powers  in  Florida  which  are  worthy  of  special  mention, 
and  the  tables  of  power  show  that  there  is  only  a  SQiall  amount  of  power  used  in  the  state.  There  is  only-one  point 
which  it  is  interesting  to  notice  in  this  connection,  namely,  the  amount  and  distribution  of  the  rainfall  in  the  peninsula. 
The  aA-erage  fall  in  spring  is  about  9  inches  over  the  wliole  peninsula,  or  not  more  than  in  the  New  England  states ; 
but  in  summer  it  is  greater  than  in  any  other  part  of  the  Union,  ranging  from  18  to  26  inches.  In  autumn  the  fall 
is  still  large,  varying  from  10  to  14  inches,  while  iu  winter  there  is  only  between  8  and  10  inches  fall,  or  considerably 
less  than  iu  some  parts  of  New  England.  This  distribution  of  the  rainfall  must  have  for  its  effect  a  very  uniform 
flow  iu  the  streams,  and  it  does  not  seem  improbable  that  they  may  even  be  lowest  in  winter,  like  some  of  the 
western  streams,  instead  of  in  summer  and  autumn,  like  the  other  streams  on  the  Atlantic  slope;  but  I  have  nc 
data  with  which  to  test  the  truth  of  this  supposition. 


CONCLUDING  HEMAllKS. 

In  glancing  over  the  previous  pages  one  cannot  fail  to  be  struck  with  the  very  large'amount  of  power  remaining 
unutilized  in  the  middle  and  western  parts  of  the  region  we  have  been  considering.  That  this  power  is  very 
large  the  numerical  data  which  have  been  given  leave  no  room  to  doubt;  that  a  very  large  amount  is  practically 
available  is  also  evident;  but  it  will  perhaps  add  to  the  clearness  of  these  two  facts  if  we  devote  a  few  lines  here  to 
a  brief  recapitulation  of  the  principal  general  results  to  which  we  have  been  led. 

We  .have  seen  that,  leaving  out  of  consideration  the  eastern,  or  navigable,  district,  the  topography  of  the 
region  is  very  favorable  for  power;  that  the  rivers  have  steep  declivities,  and  that  they  often  have  cataracts  or 
rapids  of  considerable  magnitude.  If  we  compare  the  declivities  of  the  southern  streams  with  those  of  streams  in 
the  middle  states  and  in  New  England,  we  shall  find,  in  fact,  that  the  former  are  at  least  as  great,  and  probably 
greater,  than  the  latter.  We  have  seen  that  the  elevation  of  the  Atlantic  plain  at  the  foot  of  the  mountains  is 
greater  in  the  region  we  have  considered  than  anywhere  else  along  the  Atlantic  coast,  and  that  the  slope  of  that 
plain  does  not  vary  correspondingly  from  north  to  south ;  and  we  have  found,  as  would  be  expected,  that  the 
streams,  in  their  course  across  this  plain,  from  the  mountains  to  the  sea,  develop  an  enormous  amount  of  power. 
And  of  this  total  power,  much  of  which  is  necessarily  unavailable,  we  have,  nevertheless,  found  that  a  large  amount 
can  be  developed  and  utilized  if  desired,  on  account  of  the  ledges  of  rock  across  which  the  streaias  flow,  and  the 
falls  and  rapids  which  they  occasion.  But,  while  the  southern  streams  are  confined  entirely' to  the  Atlantic  slope 
of  the  mountains,  taking  their  rise  on  the  extreme  eastern  ridge  of  the  system,  many  of  the  streams  in  the  middle 
states  have  their  sources  far  to  the  west,  nearly  or  quite  on  the  other  side  of  the  system.  Topographically,  then, 
the  chief  difference  between  the  northern  and  the  southern  streams  is  the  fact,  that  in  the  case  of  the  former  the 
greater  part  of  their  drainage-basins  is  included  in  the  western  or  mountainous  district,  and  the  smaller  part  in  the 
eastern  or  tide-water  district ;  while  in  t\\e  case  of  the  latter  the  reverse  is  true,  and  the  eastern  district  extends 
far  above  the  head  of  tide- water.  There  is  one  respect  in  which  this  difference  in  configuration  acts  unfavorably 
on  the  water  powers  of  the  south,  namely,  as  regards  transportation,  for  not  only  does  the  large  extent  of  the 
eastern  district  render  navigation  of  the  rivers  difiicult,  and  transport  by  sea  less  easy  than  in  the  north,  but 
the  railroads,  in  the  water-power  district,  are  not  so  constrained  to  follow  the  river  valleys  as  in  the  case  of  the 
northern  streams,  which  often  flow  between  parallel  ranges  of  hills,  so  that  the  most  convenient  and  economical 
location  for  a  road,  and  often  the  only  practicable  one,  is  along  their  banks.  In  the  southern  states,  on  the 
contrary,  we  often  find  the  railroad  following  the  divides,  instead  of  the  water- courses,  and  the  consequence  is  that 
many  of  the  finest  water-powers  are  at  present  very  inaccessible.  But  it  is  evident  that  the  evil  is  of  a  kind  which  is 
easily  remedied,  and  which  will  be  remedied  as  soon  as  the  manufacturing  interests  of  the  region  demand  it.  We 
have  seen  that  the  beds  of  the  streams  are  everywhere  favorable  for  the  construction  of  dams,  and  that  the  banks 
are  generally  favorable  for  the  construction  of  canals  and  buildings  at  the  points  where  the  water-powers  occur. 

As  regards  the  flow  of  the  streams,  we  have  been  altogether  without  data  derived  from  actual  measurement, 
and  have  been  obliged  to  draw  our  conclusions  from  a  study  of  the  circumstances  influencing  flow.  We  have  seen 
that  the  southern  states  are  probably  better  wooded  than  the  middle  or  New  England  states;  that  the  soil  is  deep, 
and  quite  pervious,  although  shedding  sudden  showers  with  considerable  rapidity;  and  that  the  mountains  are 
wooded  and  covered  with  soil;  all  of  which  circumstances  act  to  render,  the  flow  of  the  streams  constant.  And  the 
topography  is  also  favorable  in  this  respect,  for  we  shall  see  that  in  the  case  of  the  James  and  the  Potomac  rivers, 
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which  drain  a  large  extent  of  mountain  region,  consisting  of  parallel  and  narrow  valleys  between  high  hills, 
such  a  configuration  is  favorable  to  the  sudden  discharge  of  rain-water,  and  that  those  two  streams  are  therefore 
probably  much  more  variable  in  flow  on  this  account  than  they  would  otherwise  be.  We  have  seen,  further,  that 
the  principal  carriers  of  moisture  in  the  district  we  have  considered  are  the  winds  from  the  Gulf  of  Mexico  and 
from  the  Atlantic,  but  principally  the  former.  In  the  summer  these  winds  are  deflected  from  their  normal 
northeasterly  course  by  the  tendency  of  the  atmosphere  to  move  toward  the  heated  continent,  and  winds  from  the 
south  and  southeast  are  more  frequent  than  at  any  other  season;  and  these  winds,  reaching  the  coast  either 
directly  from  the  sea  or  after  having  passed  over  only  a  small  extent  of  low  land,  deposit  a  considerable  portion  of 
their  moisture,  the  rainfall  decreasing  as  we  proceed  inland,  until  what  remains  is  condensed  by  the  lofty  mountains. 
In  the  winter,  on  the  contrary,  the  winds  which  bring  the  rain,  being  mostly  from  the  southwest,  deposit  the 
greater  part  of  their  moisture  on  the  mountains  and  the  high  ground  in  the  middle  region,  so  that  the  rainfall  is 
small  on  the  coast.  Just  here  lies  a  most  important  difference  between  the  rainfall  in  the  south  and  that  in  the 
middle  and  New  England  states,  for  while  in  the  latter  the  rainfall  in  summer  always  exceeds  that  in  winter,  in  the 
middle  and  western  parts  of  the  former  it  is  sometimes  greatest  in  winter,  and  rarely  greatest  in  summer.  If  we 
exclude  from  consideration  a  few  streams,  like  the  James  and.  the  Potomac,  whose  flow  is  probably  rendered 
variable  to  a  large  extent  by  the  topography  of  their  drainage-basins,  the  conclusion  seems  justifled  that  the  flow 
of  the  southern  Atlantic  streams  is  more  variable  than  that  of  streams  in  the  New  England  and  the  northern  part 
of  the  middle  states ;  and  this  statement  is  further  strengthened  by  the  entire  absence  of  lakes  in  the  southern 
states.  In  so  far,  then,  the  water-power  of  the  south  is  inferior  to  that  in  the  north;  but  we  have  also  seen  that 
the  rainfall  in  the  south  is  often  very  much  greater  than  in  the  north,  and  it  is  therefore  probable  that  these  two 
circumstances  offset  each  other  to  some  extent. 

We  have  further  seen  that,  as  regards  freshets,  although  some  of  the  southern  streams,  like  the  Gape  Fear 
and  the  Eoanoke,  are  subject  to  very  heavy  ones,  the  southern  streams,  as  a  rule,  do  not  compare  unfavorably 
with  those  in  the  north.  In  the  great  freshet  of  1854  the  Gonnecticut  river  rose  29  feet  10  inches  at  Hartford, 
which  would  be  an  extraordinary  rise  for  most  of  the  southern  streams.  The  trouble  in  the  south  as  regards 
freshets  lies  in  the  fact  that  on  the  large  streams  such  large  areas  of  bottom  land  are  subject  to  overflow,  a  drawback 
which  is  no  doubt  felt  more  than  in  the  north,  and  which,  combined  with  the  large  width  of  the  streams,  has 
probably  prevented  the  utilization  of  more  than  one  power. 

We  have  seen  a  great  advantage  of  the  water-power  in  the  south  to  lie  in  the  fact  that  the  streams  never  freeze 
over,  and  that  there  is  scarcely  any  trouble  with  ice  or  ice  freshets.  We  have  come  to  the  conclusion  that  the 
disadvantages  of  the  higher  mean  temperature  have  been  exaggerated,  and  we  have  seen  that  it  is  in  many  respects 
a  very  favorable  circumstance.     As  regards  the  increased  evaporation,  we  could  not  form  any  definite  ideas. 

In  view  of  these  facts,  thep,  may  we  not,  from  a  purely  technical  point  of  view  and  without  reference  to 
manufacturing  advantages,  answer  in  the  affirmative,  and  with  emphasis,  the  question  whether  or  no  the  advantages 
for  the  utilization  of  water-power  in  the  southern  Atlantic  states  are  fine?  I  think  it  must  be  acknowledged  that 
they  are,  in  many  respects,  as  good  as  could  be  desired;  and  when  we  consider  the  advantages  offered  in  those 
states  for  particular  manufactures,  like  that  of  cotton,  it  would  seem  that  the  time  cannot  be  far  distant  when 
these  powers  will  be  turned  to  account. 

In  closing  this  report,  I  must  once  more  take  occasion  to  caution  the  reader  against  supposing  that  the 
estimates  of  power  which  have  been  given  can  pretend  to  exactness.  Although  four  states  of  flow  have  been 
distinguished,  and  the  estimates  may  therefore  present  an  appearance  of  accuracy  and  detail,  this  distinction  has 
been  made  merely  with  the  object  of  conveying  definite  ideas,  and  of  leaving  no  room  for  misunderstanding  in 
regard  to  what  was  meant,  it  being  thought  essential  to  accompUsh  this  end,  even  at  the  risk  of  giving  the 
estimates  an  appearance  of  accuracy  which  they  do  not,  and  cannot,  possess. 
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LETTER   OF  TRANSMITTAL. 


Boston,  Mass.,  July  9, 1883. 
Professor  W.  P.  Trowbridge, 

Columbia  College,  New  YorTc.  N.  Y.  \ 

Sir:  I  have  the  honor  to  submit  a  report  upon  the  water-power  of  the  eastern  Gulf  slope,  based  upon 
investigations  carried  on  under  your  direction  during  the  spring  of  1881.  Sufftcieut  time  was  at  command  for  only 
a  hasty  reconnaissance  of  some  of  the  more  important  streams,  which  is  the  more  to  be  regretted  as  this  section 
was  found  to  be  extremely  attractive,  not  only  by  reason  of  its  extensive  and  varied  natural  resources,  including  a 
large  amount  of  available  water-power,  but  also  because  of  the  frequent  evidence  that  was  met  of  an  increasing 
interest  in  the  development  of  those  conditions.  It  is  desired  to  call  attention  to  the  jirinciples  observed  in  the 
estimates  of  iiow  and  power,  which  are  fully  explained  in  connection  with  the  report  on  the  region  tributary  to 
Long  Island  sound. 

Very  respectfully, 

DWIGHT  POETEE. 
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Although  the  section  thus  indicated  might  properly  embrace  all  the  gulf  slope  east  of  the  Mississippi  river,  it 
is  here  for  convenience  limited  to  that  portion  east  of  and  including  the  basin  of  the  Alabama  river.  As  thus 
defined  it  stretches  over  600  miles  along  the  coast,  from  Mobile  bay  to  cape  Sable,  and  extends  inland  a  distance 
varying  from  about  80  miles  in  the  Florida  peninsula  to  350  miles  in  northern  Georgia,  comprising  an  area,  in 
round  numbers,  of  92,000  square  miles.  The  principal  rivers  are,  in  order  from  the  west,  the  Alabama,  Perdido, 
Escambia,  Yellow,  Choctawhatchee,  Appalachicola,  Ocblockonee,  Ocilla,  Suwannee,  Withlacoochee,  Hillsborough, 
Ohilocohatchee,  and  Caloosahatchee,  with  their  affluents.  But  of  these  main  rivers  only  the  Alabama  and 
Appalachicola  reach,  through  ihiex  tributaries,  far  enough  inland  to  include  within  their  basins  any  important 
water-powers.  The  remainder  are  comparatively  sluggish,  and  are  bordered  by  lowlands  subject  to  overflow.  They 
drain  a  region  accessible  only  to  a  limited  extent  by  railroad,  and  find  but  little  use  except  for  the  rafting  of  timber, 
and,  where  navigable,  a  small  amount  of  transportation  of  lumber  and  agricultural  products.  They  are  usually 
obstructed  by  snags  and  shoals,  but  in  most  cases  have  been  surveyed  and  found  susceptible  of  improvement  for 
navigation  at  moderate  expense. 

The  land  along  the  immediate  coast  is  often  swampy,  and  in  Florida  seems  to  retain  that  character  even  to  the 
upper  waters  of  the  streams.  In  the  cases  of  those  streams  heading  in  southern  Georgia  swamps  are  less  noticeable, 
but  yet  frequently  border  their  courses,  even  50  miles  or  more  from  the  Gulf.  Although  this  region  evidently  can 
have  but  little  value  for  water-power,  that  resource  is  not  entirely  lacking,  and  it  is  asserted  that  there  are  numerous 
short  streams,  reaching  back  but  a  little  way  from  the  coast,  which  are  nevertheless  characterized  by  a  remarkably 
full  and  uniform  flow,  and,  being  often  navigable  to  the  very  points  where  it  would  be  natural  to  improve  them  by 
dams,  offer  unusual  advantages  for  small  powers.  They  are  clear  streams,  running  over  sandy  beds,  and  are  free 
from  dangerous  rises.  A  striking  example  of  this  class  is  found  in  the  case  of  bayou  Minette,  which  empties  into 
the  bay  directly  opposite  the  city  of  Mobile.  It  heads  back  but  little  more  than  a  dozen  miles  and  drains  bnly  72 
square  miles,  yet  near  the  mouth  a  framed  dam  has  been  built  on  a  pile  foundation,  and  a  fall  of  10  feet  obtained, 
with  a  minimum,  it  is  claimed,  of  not  far  from  200  horse-power.  By  the  power  thus  secured  there  are  run  a  cotton 
factory  of  2,000  spindles,  a  woolen  factory  of  50  looms,  and  a  saw-mill.    Navigation  exteftids  directly  to  the  dam. 

Seceding  northward  from  the  Gulf,  the  land  gradually  rises,  and  in  Alabama  to  a  distance  inland  of  100  or  125 
miles  we  are  upon  the  Tertiary  formation.  In  Georgia  this  reaches  still  farther  to  the  north,  and,  excepting  a  narrow 
strip  in  the  west,  is  limited  approximately  by  a  line  running  from  Columbus  northeasterly  through  Macon  to 
Augusta.  This  southern  division  is  distinguished  by  a  gently-undulating  surface,  a  thin  sandy  soil,  capable, 
however,  of  easy  and  great  improvement,  an  extremely  healthful  climate,  and  perhaps  is  most  noted  as  including 
the  great  pine-belt.  Almost  everywhere  there  is  a  magnificent  growth  of  the  long-leafed  pine,  with  much  hard 
wood  also  intermingled.  The  cutting  and  rafting  of  timber  is  an  active  and  growing  industry  along  most  of  the 
streams,  but  has  not  yet  been  in  general  so  far  prosecuted  as  seriously  to  diminish  the  supply. 

The  northern  limit  of  this  belt  in  Alabama  does  not  attain  an  elevation  of  more  than  350  or  450  feet.  It  is 
succeeded  to  the  north  by  the  Cretaceous  formation,  which  stretches  from  west  to  east  across  the  state  but  extends 
not  over  30  miles  into  Georgia.  In  Alabama  this  formation  has  a  general  width  from  north  to  south  of  about  50 
miles,  and  constitutes  the  so-called  cotton-belt.  It  is  but  moderately  timbered,  and  is  in  fact  a  prairie  region  with  a 
level  or  gently-undulating  surface.  The  black  soil  is  underlaid  by  the  rotten  limestone,  is  heavy  and  calcareous  in 
nature,  splendidly  adapted' to  the  production  of  cotton  and  corn,  and  also  jields  well  in  tobacco,  potatoes,  various 
small  grains,  and  grasses.  The  climate  is  less  healthful  than  either  to  the  north  or  to  the  south,  there  being  a  liability 
to  fevers  in  summer  and  autumn.  Springs  are  almost  entirely  lacking.  The  streams  rise  quickly  after  rains  and 
then  rapidly  sink  away,  and  often  go  nearly  or  quite  dry. 

Passing  beyond  this  belt  still  farther  north  we  come  upon  the  elevated  and  mountainous  portions  of  Alabama 
and  Georgia,  the  region  in  which  principally  lie  their  resources  in  the  way  of  water-power.  The  great  Appalachian 
system  which  follows  down  the  Atlantic  coast  throws  out  spurs  into  these  states,  reaching  well  toward,  and  at 
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points  even  below,  their  centers,  and  giving-to  the  streams  hard  enduring  channels  in  which  to  flow,  and  rapid  fall. 
The  southern  boundary  of  this  elevated  section,  geologically  known  in  Alabama  as  the  Middle  region,  and 
geographically  subdivided  in  Georgia  into  the  Middle  and  Northern  regions,  may  very  well  be  shown  by  a  curving 
line  passing  from  Fayette,  in  northwestern  Alabama,  southeasterly  through  Tuscaloosa,  Centerville,  Wetumpka, 
TaUassee,  and  on  to  Columbus,  Georgia,  and  thence  in  an  approximately  straight  course  northeasterly  to  Augusta. 
In  Alabama  the  line  which  should  mark  the  boundary  between  this  region  and  the  cotton-belt,  or  Cretaceous 
formation,  already  described,  is  covered  by  a  belt  of  stratified  drift  material — gravels,  sands,  and  clays— stretching  in 
an  east-and-west  direction  across  the  state,  with  a  width,  transversely,  varying  from  5  to  40  miles.  This  belt  Is  well 
supplied  with  springs,  and  contains  numerous  short  streams,  of  which  Autauga  county  furnishes  notable  examples, 
that  are  finely  suited  to  powers  of  moderate  size. 

The  average  elevation  of  the  mountainous  portions  of  Alabama  and  Georgia  would  be  difficult  to  state  with 
much  accuracy.  What  is  described  as  the  Middle  region  of  Georgia,  the  southern  boundary  of  which  has  been 
defined,  and  the  northern  limit  of  which  is  roughly  shown  by  an  east-and-west  line  through  Atlanta  and  Athens, 
is  estimated  to  have  an  average  altitude  above  the  sea  of  750  feet,  which  is  also  given  for  northwest  Georgia,  lying 
to  the  west  of  the  Cohutta  range.  Northeastern  Georgia,  extending  from  the  Cohutta  range  easterly  to  the 
Savannah  and  Tugaloo  rivers,  has  an  estimated  mean  elevation  of  1,500  feet,  and  includes  peaks  which  attain  heights 
of  nearly  5,000  feet.  In  the  metamorphic  region  of  eastern  Alabama  the  general  elevation  is  said  to  lie  between 
800  and  1,200  feet. 

The  natural  resources  of  this  section  are  wonderful  in  extent  and  variety,  and  are  as  yet  but  slightly  developed. 
The  bituminous  coal  which  is  found  is  confined  mainly  to  Alabama,  where  it  covers  a  vast  district  in  the  northern 
central  part  of  the  state,  embracing,  it  is  estimated,  5,500  square  miles.  Three  principal  fields  are  recognized — ^the 
Warrior,  Coosa,  and  Cahaba — the  first  including  of  itself  about  5,000  square  miles.  The  Coosa  coal-field  stretches 
northeasterly  along  the  river  of  the  same  name,  and  its  prolongation  in  Georgia  takes  in  the  three  counties  of 
Dade,  Walker,  and  Chattooga ;  otherwise  Georgia  is  without  deposits  of  coal.  Magnificent  beds  of  iron  ore  occur 
throughout  northeastern  Alabama  and  northern  Georgia,  and  in  the  former  state  there  are  at  certain  localities 
combined  the  unusual  advantages  of  ore,  coal,  and  limestone  within  a  short  distance  on  either  side  of  a  single  valley. 
Gold  is  largely  and  profitably  mined  in  the  section  drained  by  the  upper  Tallapoosa  river  in  eastern  Alabama  and 
the  adjacent  portion  of  Georgia,  and  in  the  upper  basins  of  the  Etowah  and  Chattahoochee  rivers  in  northeastern 
Georgia.    Copper,  lead,  asbestos,  and  other  minerals  are  also  found. 

In  describing  the  elevated  portions  of  these  states  it  is  especially  important,  with  reference  to  their  water- 
power,  to  notice  the  boundaries  of  the  metamorphic  formation.  In  Alabama,  it  is  confined  within  a  line  drawn  as 
follows :  From  Columbus  on  the  Chattahoochee  river,  westerly  through  TaUassee  to  Wetumpka,  thence  northerly^ 
a  little  west  of  the  Coosa  river,  nearly  to  Shelbyville ;  the  boundary  line  then  turns  to  the  northeast  toward  Georgia 
again,  and  follows  the  general  course  of  the  Selma,  Eome,  and  Dalton  railroad,  but  distant  from  it  from  5  to  10  miles 
southward,  until  it  reaches  the  state  line.  In  Georgia,  the  metamorphic  region  includes  every  thing  north  of  a  line 
running  from  Columbus  to  Augusta,  excepting  eight  or  ten  counties  in  the  extreme  northwest  corner  of  the  state. 
While  the  coal  districts  that  have  been  noticed  have  a  sandy  and  loamy  soil,  difficult  to  improve,  easily  washed, 
and  with  little  agricultural  value,  the  metamorphic  region  has  a  large  amount  of  fine  farming  land,  the  staple 
productions  of  which  are  cotton  in  the  less  elevated  sections,  corn,  wheat,  oats,  rye,  barley,  clover,  grasses,  fruits, 
and  vegetables.  The  soil8»are  red  and  gray,  with  clay  subsoil.  Building-materials,  including  granite  and  gneiss, 
abound,  and  there  is  some  marble.  The  hills  are  covered  with  splendid  oak  forests,  besides  which  pine,  ash,  elm, 
walnut,  and  hickory  are  common.  Springs  and  clear  running  streams  are  everywhere  plentiful,  and  the  climate 
is  very  healthful. 

The  southern  boundary  of  the  metamorphic  formation  is  very  clearly  indicated  by  a  series  of  shoals,  rapids, 
and  falls,  which  fill  the  courses  of  the  principal  streams  as  they  cross  its  borders  and  finally  escape  from  its  firm 
grasp.  These  falls  mark  the  head  of  navigation,  and  constitute  some  of  the  finest  water -powers  in  the  South.  On 
the  streams  to  be  considered  they  occur  in  the  Coosa  at  Wetumpka,  there  being  a  descent  of  80  feet  in  12  or  15 
miles  above  the  city;  on  the  Tallapoosa  at  TaUassee  falls,  where  there  is  a  fall  of  52  feet  in  300  feet,  and  a  total  of  84 
feet  in  about  2  miles ;  and  on  the  Chattahoochee  at  Columbus,  where  within  4  or  5  miles  the  descent  is  120  feet. 
Generally  speaking,  the  larger  streams  are  free  from  abrupt  falls  of  much  magnitude,  these  being  much  less  common 
than  on  rivers  of  corresponding  size  in  New  England  and  New  York,  and  their  descent  is  accomplished,  above  the 
fall-linCj  by  rapids  and  occasional  low  pitches. 

These  rivers  may  be  contrasted  with  those  of  the  northeastern  states,  which  elsewhere  come  within  this  report, 
in  three  important  respects — fall,  volume,  and  accessibility.  As  just  noticed,  the  fall  is  usually  less  concentrated, 
and  is,  accordingly,  less  attractive  for  improvement  than  in  the  latter  section.  Excepting  TaUassee  and  Columbus, 
there  are  no  falls  on  the  main  portions  of  the  larger  rivers  under  discussion  to  be  compared  with  those  occurring  on 
the  Connecticut  and  Housatonic  rivers  in  western  New  England,  and  on  the  Hudson,  Black,  and  Genesee  rivers  in 
New  York  state. 

As  regards  the  steadiness  with  which  their  volumes  are  maintained  in  the  dry  season,  there  are  but  few  reliable 
data  to  be  found  for  the  water-power  streams  of  the  eastern  Gulf  slope,  and  such  as  do  exist  indicate  a  considerable 
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Tange  in  value  among  different  ones;  it  appears  probable,  however,  that  as  a  class  they  are  in  this  respect,  also, 
-at  some  disadvantage  as  compared  with  the  manufacturing  rivers  of  the  New  England  states  and  New  York.  There 
4ire  scarcely  any  records  of  long  series  of  observations  upon  temperature  and  rainfall  in  northern  Georgia  and 
Alabama  within  the  limits  of  the  region  we  are  considering,  but  some  idea  as  to  those  phenomena  may  perhaps  be 
gained  from  the  following  table,  compiled  from  the  Smithsonian  publications.  For  the  sake  of  comparison,  two 
points  on  the  immediate  gulf  coast  are  added,  and  several  in  the  northeastern  states: 

Table  of  rainfall  and  temperature. 


Locality. 


■  Atlanta,  G-eorgia 

■  Coosa  basiu  above  Wetumpta  (a) 

Tallapoosa   basin  above  Tallas- 
see.(o) 

'Cbattalioocbee  basiu  above  Co- 
lumbus, (a) 

Mobile,  Alabama 

Cedar  Keys,  Florida 

■  Springfield,  Massachusetts  

-Claremont,  New  Hampshire 

.  Albany,  New  York 

Eochester,  New  York 


Eleva- 
tion 

above 
sea. 


Feet. 
1,050 


15 
35 
200 
539 
130 
500 


Years  of 
obser- 
vation. 


5 
10 
12 


Spring 


Inches. 
14.69 
14.50 
14.00 

13.50 

16.62 
5.50 
11.09 
11.92 
9.69 
8.05 


Summer. 


Autumn. 


Inches. 
12.42 
14.00 
13.50 

13.00 

21.21 
20.43 
12.  52 
12.11 
12.34 
9.12 


Inches. 
10.60 
10.00 
10.50 

9.50 

11.42 
11.76 
11.72 
10.44 
10.50 
9.27 


Winter. 


Inches. 
15.13 
15.50 
14.50 

14.00 

13.40 
8.09 
8.85 
9.08 
8.03 
7.21 


Year. 


Inches. 
52.80 
54.00 
52.50 

49.00 

82.65 
45.78 
44.18 
43.55 
40.56 
33.65 


TEMPEEATUHE. 


Tears  of 
obser- 
vation. 


10 
11 
9 
9 
46 
38 


Spring. 


58.27 
60.00 
61.00 

58.00 

66.87 
69.64 
46.46 
43.09 
46.54 
44.72 


Summer. 


74.87 
76.00 
75.00 

74.00 

79.00 
81.05 
71.40 
67.01 
70.43 
68.04 


Autumn. 


58.44 
60.00 
66.00 

58.00 

60.27 
71.70 
50.72 
47.37 
49.56 
49.02 


Winter. 


41.86 
41.00 
44.00 

42.00 

52.43 
57.87 
26.24 
21.50 
25.26 
26.46 


Tear. 


58.36 
59.00 
61.00 

58.00 

66.14 
70.06 
48.71 
44.74 
47.95 
47.06 


a  Estimated. 

The  average  temperature  is  greater  in  the  water-power  region  of  the  gulf  states  than  in  New  England  and 
New  York,  being  at  Atlanta  from  10  to  14  degrees  more  for  the  year  than  at  the  northern  cities  mentioned,  and  it 
seeins  probable  that  the  annual  loss  by  evaporation  is  rather  greater  in  the  former  section  than  in  the  latter.  The 
-annual  rainfall  on  the  three  basins  of  the  Ooosa,  Tallapoosa,  and  Chattahoochee  rivers  exceeds  that  on  most  of  the 
New  England  streams,  but  its  distribution  through  the  year  is  less  favorable.  As  may  be  seen  from  the  table 
below,  the  downfall  on  the  interior  region  of  the  gulf  slope  is  least  in  summer  and  autumn,  when  it  ought  to  be 
greatest  in  order  to  meet  the  draughts  made  by  evaporation,  while  at  the  north  the  least  precipitation  is  in  winter 
and  spring. 

Table  showing  relative  distribution  of  rainfall  during  the  year. 


Locality. 


Atlanta,  Georgia 

Coosa  basin  above  Wetumpka  {a) 

Tallapoosa  basin  above  Tallassee  (o) 

Chattahoochee  basin  above  Columbus  (a) 

Mobile,  Alabama 

Cedar  Keys,  Florida 

Springfield,  Massachusetts  

Claremont,  New  Hampshire 

Albany,  Now  Tork 

Rochester,  New  Tork , 


Mean 
annual 
rainfall. 


I 


Inches. 
52.80 
54.00 
52.50 
49.00 
62.65 
45.78 
44.18 
43.55 
40.56 
33.65 


Sainfall, 

winter  and 

spring. 


Inches. 
29.82 
30.00 
28.50 
26.50 
30.02 
13.59 
19.94 
21.00 
17.72 
15.26 


Katio  to 
mean      { 
annual 
rainfall. 


0.56 
0.56 
0.54 
0.54 
0.48 
0.30 
0.45 
0.48 
0.44 
0.45 


Bainfall, 
summer 

and 
autumn. 


Inches. 
22.98 
24.00 
24.00 
22.50 
32.63 
32.19 
24.24 
22.55 
22.84 
18.39 


Batio  to 

mean 

annual 

'rainfall. 


0.44 
0.44 
0.46 
0.46 
0.52 
0.70 
0.55 
0.52 
0.56 
0.55 


a  Estimated. 

The  streams  at  the  South  are  free,  it  is  true,  from  the  dangerous  ice-freshets  which  sometimes  occur  farther 
north,  but  they  are  subject  during  winter  and  spring  to  freshets  caused  by  heavy  rains,  and  in  their  less  rapid 
portions  are  at  such  times  visited  by  rises  which  are  almost  unparalleled  on  the  streams  with  which  they  are  being 

-contrasted.  The  Ooosa  has  reached  a  height  of  54  feet  above  low  water  at  the  head  of  navigable  waters  at 
Wetumpka ;  the  Chattahoochee  has  been  known  to  rise  42  feet  at  Columbus  below  the  falls,  and  at  points  on  the 
river  above  the  extreme  oscillations  have  ranged  from  25  feet  down,  according  to  locality.  In  its  upper  course, 
even,  the  Flint  river  is  said  to  have  risen  25  feet  in  the  spring  of  1881.  On  the  other  hand,  the  highest  freshet-rise 
ever  known  in  the  Connecticut  river  at  Hartford,  entirely  below  all  the  falls,  and  where  the  ordinary  slope  is 

-extremely  small,  with  a  tributary  drainage  area  above  of  over  10,000  square  miles,  did  not  exceed  30  feet. 

The  southern  streams  which  we  are  discussing  are  at  a  disadvantage  in  another  important  condition,  namely, 

ithe  opportunities  for  extensive  storage  in  one  season  to  meet  the  demands  of  another.    There  seems  to  be  for  this 

841 


4  WATER-POWER  OF  THE  UNITED  STATES. 

• 

purpose  an  entire  absence  of  large  natural  lakes,  ponds,  and  swamps,  which  are  of  such  value  as  regulators  of  flow, 
even  when  unimproved,  and  which  acquire  great  additional  importance  when  capable,  as  they  usually  are  in  New 
England,  of  being  raised  and  controlled  by  dams.  Of  course,  the  ordinary  mill-dams  along  a  stream  hold  back, 
in  the  aggregate,  a  large  amount  of  water ;  but  as  to  facilities  for  storing  extensive  supplies  in  spring  for  use  during 
summer  and  autumn,  such  as  exist  throughout  New  England  and  northern  and  central  Few  York,  they  appear  to  be 
entirely  lacking  on  the  eastern  gulf  slope.  It  is,  to  be  sure,  conceivable  that  in  the  latter  section  dams  should  be 
thrown  across  the  valleys  of  the  minor  streams,  and  artificial  storage  reservoirs  of  the  character  mentioned  thus  bel 
formed;  but,  unless  by  this  means  an  unusual  widening  of  a  valley  where  there  is  an  expanse  of  swampy  or 
otherwise  worthless  land  can  be  overflowed,  the  expense  and  danger  of  improvements  are  usually  out  of  proportion 
to  the  storage  obtained,  and  would  not  be  attempted  on  an  important  scale. 

In  the  third  place,  the  streams  tributary  to  the  Gulf  in  Alabama  and  Georgia  are  by  no  means  so  conveniently 
accessible  as  would  .in  New  England  be  considered  essential  to  a  suitable  development  of  their  water-power.  The 
head  of  navigation  on  the  Alabama  river  is  over  300,  and  on  the  Chattahoochee  400  miles  from  the  Gulf.  There 
are  numerous  well-equipped  lines  of  railroad,  and  many  more  will  in  the  future  be  built,  but  the  present  lines  do- 
not  usually  reach  directly  the  streams  in  those  portions  where  there  is  valuable  power.  Sometimes  they  follow  the 
water  sheds,  and  again  they  run  parallel  to  the  rivers,  but  at  distances  of  from  5  to  25  miles,  near  enough  to  discourage 
the  building  of  new  roads,  and  yet  far  enough  away  to  render  necessary  a  vexatious  amount  of  transfer  by  teams. 
Spurs  can  be  run  to  the  streams,  but  they  would  accommodate  only  limited  sections. 

What  has  been  said  is  not  intended  to  detract  in  the  least  from  the  manifestly  great  value  for  power  of  the 
streams  of  upper  Georgia  and  Alabama.  While  perhaps  wanting  in  certain  advantages  enjoyed  by  the  rivers  of 
other  sections,  they  ofter  many  magnificent  powers  and  are  surrounded  by  almost  unexampled  agricultural  and 
mineral  resources.  Especially  for  the  manufacture  of  cotton  and  woolen  goods  do  the  conditions  seem  favorable ;  and 
that  the  fact  has  become  recognized  is  proved  by  the  frequent  construction  of  new  mills  and  by  the  encouragement 
given  by  the  state  of  Georgia  to  such  enterprises.  By  an  act  of  the  legislature  passed  in  1872,  it  was  declared 
that — 

Any  mill  or  mills  within  said  state,  for  the  manufacture  of  fabrics  out  of  cotton  or  wool,  or  both,  whether  such  investment  be 
applied  in  the  establishment  of  a  new  factory  or  in  the  extension  or  enlargement  of  a  now  existing  factory,  shall  be  exempt  from, 
taxation  for  state,  county,  and  municipal  purposes,  on  the  capital  so  invested,  and  on  any  property  purchased  or  erected  therewith, 
intended  for  and  necessary  to  such  manufacture,  for  the  term  of  ten  years  from  and  after  the  laying  of  the  foundation  of  the  mills  so  to- 
be  erected. 

Without  going  into  a  discussion  of  the  relative  advantages  for  cotton-manufacturing  of  the  South  and  of  New 
England,  it  is  evident  that  a  great,  and  possibly  the  most  prominent,  point  in  favor  of  the  former  is  the  faCt  that 
the  cotton  factories  and  sources  of  supply  of  the  raw  material  are  brought  very  close  together.  The  climate  is 
equable  and  mild,  and  on  account  of  its  humidity  is  favorable  to  certain  of  the  processes  of  manufacture.  While  thfr 
summer  temperature  is  claimed  not  to  be  so  great  in  northern  Alabama  and  Georgia  as  to  be  enervating,  the 
absence  of  severe  cold  in  the  winter  season  materially  reduces  the  cost  of  heating  factories  and  the  living  expenses 
of  operatives.  As  a  rule,  the  labor  in  the  mills  is  now  performed  by  native  whites,  who  are  said  to  work 
contentedly  long  hours  for  low  wages,  without  a  thought  of  organizing  strikes.  As  to  whether  this  state  of  things 
will  continue  unchanged  after  manufacturing  has  become  more  developed  here,  and  even  as  to  whether  the  hands 
employed  are  as  efficient  as  a  similar  class  of  labor  at  the  North,  there  may  be  some  question.  The  profits  earned 
in  late  years  by  the  Georgia  and  Alabama  mills,  usually  exceeding  20  per  cent,  per  annum,  are  a  very  good, 
indication  that  cotton-manafacturing  in  those  states  is  a  successful  industry. 


THE  ALABAMA   IIIVER  AND   TRIBUTARIES. 

THE  ALABAMA  EIVBR. 
• 

This  important  river  is  formed  a  short  distance  above  Montgomery,  Alabama,  and  somewhat  southeast  of  the- 
center  of  the  state,  by  the  union  of  the  Coosa  and  Tallapoosa  rivers,  its  principal  tributaries.  It  runs  westerly  and 
then  southwesterly,  passing  through  or  bordering  upon  the  counties  of  Elmore,  Montgomery,  Autauga,  Lowndes,. 
Dallas,  Wilcox,  Monroe,  Clarke,  and  Baldwin  ;  about  50  miles  by  water  from  Mobile  it  joins  the  Tombigbee  to  make 
up  the  Mobile  river,  which  flows  southerly  into  the  bay  of  the  same  name. 

The  Alabama  river  comprises  in  its  drainage  basin  23,700  square  miles,  of  which  17,970  lies  in  Alabama,  5,620  in 
Georgia,  and  a  little  over  100  square  miles  in  Tennessee.  It  is  160  miles  long  by  general  course,  but  is  a  very 
tortuous  stream,  and  taking  into  account  the  bends  has  a  length  by  survey  of  312  miles.(a)  Along  its  borders  are- 
mch  alluvial  lands,  and  large  tracts  of  timber  are  also  accessible  from  the  river  and  its  tributaries.  Navigation* 
extends  throughout' the  year  for  boats  of  not  over  3  feet  draught,  and  during  the  high  water  of  fall  and  winter^s  openi 


a  According  to  Berney's  Scmd-booh  of  Alabama. 
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to  almost  any  draught.  The  principal  obstructions  are  bars  and  snags,  and  to  remove  these  and  to  provide  a  navigable 
channel  of  4  feet  depth  in  low  water,  and  a  minimum  width  of  200  feet,  plans  have  been  developed  under  the 
direction  of  Captain  A.  N.  Damrell,  Corps  of  Engineers,  U.  S.  army.  The  improvement  described  is  designed  to 
extend  over  the  entire  length  of  the  river,  to  Wetumpka  on  the  Coosa,  and  is  estimated  to  cost  $230,000.  From 
1878  to  1881,  inclusive,  $100,000  was  appropriated  by  Congress  to  this  work,  which  has  steadily  been  prosecuted. 
The  principal  points  on  the  river  are  Montgomery,  population  17,000,  and  Selma,  7,500.  Steamers  ply  regularly 
between  Montgomery  aild  Mobile,  and  transport  large  amounts  of  cotton,  lumber,  and  other  products.  Mobile  has^ 
in  round  numbers,  30,000  inhabitants,  and  though  the  business  at  that  point  in  cotton  has  declined  from  the 
prominence  once  enjoyed,  a  fine  trade  in  lumber  is  said  to  be  growing  up. 

In  1875  the  flow  of  the  river  was  gauged  at  a  point  some  28  miles  below  Montgomery,  by  Mr.  Gavin  B.  Yuille, 
United  States  assistant  engineer.  The  measurement  was  made  at  a  stage  about  1  foot  above  ordinary  low  water, 
and  gave  a  discharge  of  3,711  cubic  feet  per  second.  The  drainage  area  at  the  locality  of  gauging  being  about 
16,650  square  miles,  the  above  discharge  corresponds  to  0.22  cubic  foot  per  second  per  square  mile.  The  river  is 
subject  to  heavy  oscillations  from  freshets,  and  there  is  reported  to  have  been  in  1874  a  rise  near  the  mouth  of  20' 
feet  above  low-water  mark,  increasing  farther  up  stream,  and  reaching  between  50  and  60  feet  on  the  Coosa  river  a 
little  way  above  the  head  of  the  Alabama. 

TRIBUTARIES   OF   THE   ALABAMA  RIVER. 

With  the  exception  of  the  Coosa,  Tallapoosa,  and  Cahaba,  the  Alabama  river  has  no  large  tributaries;  but 
flowing  into  it  at  varioas  points  are  creeks  which  appear  unimportant  on  the  map,  but  which  really  carry  considerable 
water  and  would  prove  reliable  for  powers  of  moderate  size.  At  jiresent  they  are  used  only  in  a  small  way  by 
occasional  saw-mills,  grist-mills,  and  cotton-gins.  Very  few  of  them  are  conveniently  reached  by  railroad,  and  no 
special  information  as  to  their  fall  or  volume  is  at  hand.  i 

Those  south  of  the  latitude  of  Camden  lie  in  the  pine-belt,  the  country  being  covered  with  a  splendid  growth 
of  long-leafed  pine.  The  surface  is  hilly,  the  soil  is  light  and  sandy  and  well  suited  to  the  production  of  fruit  and 
vegetables.    The  climate  of  the  higher  lands  is  healthful ;  springs  abound  and  the  streams  are  well  sustained. 

Lowndes  and  Dallas  counties  are  in  the  cotton-belt,  and  some  idea  may  perhaps  be  formed  of  the  streams  draining 
them  from  the  nature  of  the  country.  The  surface  is  comparatively  level,  with  a  rich  black  soil,  a  moderate 
amount  of  timber,  and  but  few  springs.  Cotton  and  corn  are  the  main  products,  but  the  soil  also  does  well  with 
wheat,  rye,  oats,  tobacco,  potatoes,  barley,  buckwheat,  sugar-cane,  millet,  and  grasses.  Some  limestone  answering 
fairly  well  for  building  and  burning  is  said  to  be  found.  The  streams  are  scarcely  at  all  used  for  power,  and  are 
probably  unreliable. 

In  Autauga  county  there  are  several  streams  which  are  used  to  some  extent  by  saw-  and  grist-mills,  while  at 
Prattville  and  Autaugaville  there  are  cotton  factories.  The  streams  here  referred  to  would  doubtless  furnish 
numerous  good  privileges;  Autauga  and  Swift  creeks  were  especially  mentioned  as  valuable,  but  the  others  are 
close  at  hand  and  presumably  possess  the  same  general  features.  The  main  courses  lie  within  the  so-called  cotton- 
belt,  but  the  Autauga  County  streams  differ  from  the  prairie  streams  of  Montgomery,  Lowndes,  and  Dallas  counties 
in  that  they  are  uijon  a  strip  of  gravel,  sands,  and  clays,  which  follows  along  the  northern  border  of  the  cotton-belt, 
and  which  is  well  supplied  with  springs,  thus  contributing  to  their  steadiness. 

Autauga  creelc  is  perhaps  a  good  representative  of  the  streams  just  mentioned.  It  runs  southerly  through 
Autauga  county,  and  empties  into  the  Alabama  river  8  miles  west  of  Montgomery.  It  is  not  over  25  miles  long,, 
and  drains  125  square  miles,  the  country  having  a  tolerably  level  surface,  well  timbered  with  pine.  The  creek  has- 
a  moderate  current  and  flows  between  rather  low  banks;  its  bed  is  sandy  and  its  water  is  very  clear  and  pure. 
At  Prattville  the  average  width  is  perhaps  40  feet.  The  volume  is  remarkably  well  maintained,  owing  to  the 
presence  of  many  springs  in  the  section  drained,  and  scarcely  any  hinderance  is  experienced  at  Prattville,  the 
principal  point  where  power  is  used,  from  either  low  or  high  water. 

On  the  upper  course  of  the  creek  there  are  small  saw-mills,  but  the  timber  near  at  hand  has  largely  been  cut 
away.  Quite  an  important  power,  however,  is  in  use  at  Prattville,  a  thriving  place  of  1,000  inhabitants,  about  12 
miles  from  Montgomery,  with  which  it  is  connected  by  rail.  Manufacturing  was  begun  here  about  the  year  1845, 
and  four  establishments  are  now  run  by  the  water-power  of  the  creek.  The  Prattville  Cotton  Manufacturing  Company 
makes  coarse  white  ducks,  and  has  made,  and  still  has  the  facilities  for  making,  sheetings  and  shirtings.  The 
companj'  em[)loys  140  hands,  native  whites  mostly,  and  runs  128  looms  and  5,600  spindles.  The  Daniel  Pratt  Cotton 
Gin  Company  has  quite  extensive  works,  and  there  is  also  a  sash-and-blind  shop  and  a  small  grist-mill.  All  of  these 
concerns  are  run  from  the  same  privilege,  using  together  about  250  horse-power  with  a  fall  of  17J  feet.  The  sujjply  of 
water  is  sufflcient  at  all  times  of  the  year  for  running  at  full  capacity,  though  there  is  notmuch  surplus  in  a  low  stage. 

The  dam  was  built  at  least  30  years  ago,  and  is  of  brick  laid  in  cement.  It  rests  on  a  bed  of  marl,  is  150  feet 
long,  12  or  15  feet  high,  18  feet  wide  at  the  base  and  3  feet  wide  at  the  top.  A  plank  apron  protects  the  stream-bed^ 
and  the  dam  is  surmounted  for  its  whole  length  by  a  stout  timber  bulkhead  containing  waste-gates.  The  pondage 
above  the  dam  is  estimated  at  30  acres. 

A  short  distance  up  stream  there  is  an  unoccupied  fall  of  8 J  feet,  formerly  in  use;  the  mill  was  burned,  but 
the  dam  remains.    A  little  way  below  the  Prattville  factory  a  3-set  woolen-mill  has  a  fall  of  5  feet,  but  was  not  in 
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operation  at  tbe  time  it  was  visited.    Swift  creek,  to  the  westward,  in  the  same  county,  is  reported  to  have  a  larger 
volume  than  Autauga  creek,  which  might  be  expected  from  the  fact  that  its  drainage  area  is  a  third  greater. 

Minor  tributaries  of  the  Alabama  river. 


Name  of  stream. 


Autauga  creek 

Swift  creek 

Little  Mulberry  creek «. 

Polecat  creek 

Mulberry  creek  at  Callierville 

Mulberry  creek  above  Polecat  creek 

Mulberry  creek  at  moutb 

Cotoma  creek 

Pintlala  creek 

Big  Swamp  creek 

North  branch  of  Cedar  creek 

South  branch  of  Cedar  creek 

Cedar  creek  at  month 

Bogue  Chitte  at  Martin's 

Bogue  Chitte  at  mouth 

Chilatchee  creek 

Pine  Barren  creek  at  Selma  and  Gulf  Hailroad  crossing 

Pine  Barren  creek  at  mouth 

Dickinson's  creek 

Turkey  creek 

Parsley  creek  (including  Gravelly  creek) 

Bear  creek  (includii^  Duck  creek)  

Cane  creek 

Silver  creek 

Flat  creek 

Limestone  creek ... 

Pigeon  creek 

Lovet's  creek 

Little  river 

Major's  creek 


nralnage 
area. 


Sq.  miles. 
125 
163 
109 

58 
141 
229 
288 
383 
308 
264 
147 
235 
497 
259 
377 
140 
236 
300 

65 
245 
111 

59 

43 

30 
315 
194 

45 
108 
153 

46 


Bemarks. 


These  lie  in  Antan^a  connty  mainly,  in  a  dis- 
trict well  supplied  with  springs,  and  are 
good  streams,  with  clear  waters  and  well- 
maintained  volume. 


These  may  be  classed  as  prairie  streams. 
They  lie  in  the  cotton-belt,  in  a  district  de- 
ficient in  springs,  and  with  a  flat  open  sur- 
face. With  the  exception  of  Pine  Barren 
creek  none  are  reported  to  be  used  for  power, 
and  they  are  probably  not  favorable  for 
anch  nee. 


,  Situated  in  the  pine-belt,  where  the  surface  is 
I     undulating  and  sandy,  and  springs  abonnd. 


THE   OAHABA  EITEE. 

The  source  of  the  Cahaba  river  is  near  the  boundary  between  Saint  Olair  and  Jefferson  counties,  Alabama,  90 
miles  north  of  Montgomery.  The  stream  takes  a  southwesterly  and  then  southerly  direction,  passing  through  portions 
of  the  counties  of  Saint  Clair,  Jefferson,  Shelby,  Bibb,  Perry,  and  Dallas,  and  joins  the  Alabama  river  1.5  or  20  miles 
below  Selma.  In  former  years  the  river  was  navigable  for  88  miles  from  its  mouth,  to  Centreville,  which  is  now 
looked  upon  as  the  head  of  navigation,  although  in  over  30  years  no  steamer  has  ascended  to  that  point.  This 
portion  of  the  river  was  surveyed  in  1874,  and  the  24  miles  up  stream  from  Centreville,  to  Shades  creek,  in  1880. 
From  the  report  of  Mr.  C.  B.  Percy,  United  States  assistant  engineer,  upon  this  latter  survey,(a)  most  of  the 
information  here  presented  is  drawn.  As  a  result  of  these  surveys  it  was  estimated  that  a  3-foot  channel  could  be 
secured  from  the  mouth  to  Centreville  at  a  cost  of  $195,000,  and  that  the  improvement  could  be  extended  by  locks 
and  dams  to  the  northern  boundary  of  Bibb  county  at  an  additional  expense  of  $381,000. 

The  Cahaba  has  a  length  of  about  115  miles,  measured  in  tlie  general  direction  of  its  flow,  and  a  drainage  area 
of  1,950  square  miles.  There  are  no  places  of  importance  directly  upon  its  course.  Cahaba,  at  the  mouth,  was 
once  the  state  capital,  but  is  now  a  little  village  of  100  or  200  inhabitants.  Centreville  has  a  population  of  about 
300,  and  Marion,  i  miles  west  of  the  river,  in  Perry  county,  2,100.  A  few  miles  from  the  river  in  its  upper  course 
is  Birmingham,  an  important  mining  town.  Although  a  considerable  portion  of  the  Cahaba  valley  is  sparsely 
settled,  the  resources  of  the  country  tributary  to  the  river  are  of  great  value.  In  Dallas,  Perry,  and  Bibb  counties 
the  cotton  i)roductiou  is  large,  being  estimated  at  50,000  bales  annually.  Farther  up  the  river  are  magnificent 
deposits  of  iron  and  coal,  the  former  especially  noticeable  along  the  Little  Cahaba,  where  is  found  brown  hematite 
ore  ill  inexhaustible  quantities,  fuel  and  flux  also  lying  close  at  hand. 

In  Berney's  Handbook  of  Alabama  (1878)  the  following  account  is  given  of  the  fine  deposits  in  the  vicinity  of 
Birmingham :  "About  1  mile  to  the  southeast  of  the  corporation  lies  Eed  mountain,  said  to  be,  both  as  to  quantity 
and  accessibility,  the  most  remarkable  deposit  of  iron  ore  yet  known.  It  extends  in  a  northeasterly  and 
southwesterly  direction,  parallel  with  the  Alabama  Great  Southern  railroad,  for  about  30  miles  below  and  the  same 
distance  above  the  city,  attaining  its  maximum  depth  of  ore  opposite  the  latter  place,  where  it  contains  several 
•seams  of  ore  averaging  nearly  50  per  cent,  of  metal  and  aggregating  about  25  feet  of  vertical  depth.    The  ores 
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are  red  and  brown  fossiliferous.  Besides  these  there  are  magnetic  and  black-band  ores  within  reach  and  of  easy 
access.  On  either  side  of  Jones'  valley,  in  which  Birmingham  is  located,  and  which  is  here  about  6  miles  in  width^ 
lie  to  the  southeast  and  northwest,  respectively,  the  Cahaba  and  the  Warrior  coal-flelds,  both  of  which  are  traversed 
by  the  South  and  North  Alabama  railroad.  A  dozen  or  more  mines  are  operated  near  Birmingham,  along  the  latter- 
road,  to  say  nothing  of  others  off  the  railroads,  which  are  worked  in  a  rather  primitive  way,  the  coal  being  hauled 
in  wagons  to  market." 

Marble  suited  to  building-purposes  is  found  along  the  stream  within  10  miles  of  Centreville,  and  over  all  the 
upper  basin  there  is  a  splendid  growth  of  pine  timber. 

At  present  the  only  use  of  water-power  on  the  Cahaba  is  by  a  few  saw-  and  grist-mills  in  the  extreme  upper 
waters.  Above  Centreville  there  are  reported  to  be  good  opportunities  for  developing  power;  the  bed  and  banks, 
are  favorable,  the  volume  is  tolerably  well  sustained,  the  current  is  swift,  and  interrupted  by  numerous  ripples  and 
rapids.  The  stream  is  at  the  disadvantage,  however,  of  having  poor  railroad  facilities;  its  lower  course  is  crossed 
by  the  Alabama  Central  railroad,  and  its  upper  portion  by  the  South  and  North  Alabama,  but  the  intervening  section 
is  without  convenient  means  of  access.  The  country  above  Centreville  is  rugged,  but  with  fine  lands  and  excellent 
timber.  For  about  10  miles  above  the  point  mentioned  the  river  is  described  by  Mr.  Percy  as  averaging  200  feet  in 
width.  The  bed  is  rock,  covered  here  and  there  with  gravel  and  sand.  The  surrounding  country  shows  considerable 
settlement  and  cultivation,'  which  disappear  in  the  main  from  the  neighborhood  of  the  river  above.  For  the  next 
5  miles  the  rise  averages  nearly  11  feet  per  mile  (53.8  feet  of  rise  in  4.91  miles) ;  the  bed  is  rock,  covered  with 
bowlders,  and  the  stream  is  more  turbulent  than  below,  with  long  shoals  and  frequent  falls.  The  banks  rise  steep 
and  high  on  both  sides,  and  the  adjacent  country  is  heavily  clothed  with  pine. 

From  Shades  creek  down  to  Centreville,  23.67  miles,  the  fall  is  121.4  feet,  or  an  average  of  5.13  feet  per  mile^ 
thence  to  the  mouth,  88  miles,  the  fall  is  127.4  feet,  equal  to  1.45  foot  per  mile.  During  Mr.  Percy's  survey  the 
discharge  of  the  stream  was  determined  at  two  points,  but  the  measurements  seem  to  have  been  made  at  a  stage 
considerably  above  low  water,  and  are  not  therefore  of  much  value  for  the  purposes  of  this  work.  There  are  no 
records  showing  with  accuracy  the  rainfall  on  the  Cahaba  basin,  but  at  Greensborough,  a  little  to  the  west,  the 
average  of  twelve  years  is  13  inches  in  spring,  12  in  summer,  10  in  autumn,  16  in  winter,  and  51  for  the  year. 
Concerning  that  part  of  the  river  above  Shades  creek  no  information  has  been  secured,  but  thence  to  Centreville 
there  are  several  shoals  of  importance,  the  fall  on  which,  as  revealed  by  thfe  government  survey,  is  given  in  the 
following  table,  together  with  a  rough  estimate  of  the  available  power : 

Estimate  of  power  at  the  principal  shoals  on  the  Cahaba  river,  from  Shades  creek  to  Centreville. 


Kame  of  shoal. 


Drainage 
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Spring, 


Summer. 


Autumn. 


Winter. 


Year. 


Length 
of  shoal. 


Fallon 
shoal. 
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Low 

water, 

dry  year. 


Low 

water, 

average 

year. 


Available 

10  months^ 

average 

year. 


Half -Mile  rapids 

Long  Ishind  rapids  . . 

Lily  shoals 

Bailey  Beach  rapids  ■ 

Big  shoals 

Centreville  shoals — 


.  m-iles. 
570 


Inches. 


Inches. 


a  660 
1,080 


Inches. 


10 


Inches. 


16 


Inches. 


61 


Feet. 
2,050 
1, 820 
3,800 
2,300 
5,050 
5,000 


Feet. 

8.4 
12.2 

8.9 
14.5 
22.3 

8.4 


110 
80 
150 
230 
130 


110 
150 
120 
210 
330 
190 


150 

220 
170 
SOO 
4«0 
290 


u  Above  Little  Cahaba  river. 


b  Becord  for  twelve  years  at  Greensborough.  c  Based  bn  the  average  flow  for  the  twenty-four  hours. 

Drainage  areas  of  the  Cahaba  river  and  tributaries. 


.ITame  of  stream. 

Drainage 
area. 

Name  of  stream. 

Drainage 
area. 

East  Cahaba  river 

8q.  miles. 

48 

183 

140 

292 

75 

35 

65 

43 

Sq.  miles. 

39 

40 

251 

211 

331 

563 

1,950 

West  Cahaba  river 

Shades  creek 

Little  Cahaba  river 

Cahaba  river  at  junction  of  East  and  West  forks . 

Cahaba  river  at  South  and  ITorth  Alabama  Bail- 
road  crossing 

Hill'screek 

Cahaba  river  below  Shades  creek 

Cahaba  river  at  mouth 

THE  TALLAPOOSA  RIVBE. 

The  main  branch  of  this  river  rises  in  Paulding  county,  in  northwestern  Georgia;  it  flows  through  that  and 
Haralson  counties  into  Alabama,  and  then  continues  in  an  irregular  southwesterly  direction,  until  it  unites  with 
the  Coosa  to  form  the  Alabama  river.  The  main  portion  of  its  course  lies  in  the  region  of  metamorphic  rocks,  but 
at  Tallassee,  50  miles  from  its  mouth,  it  leaves  these  and,  descending  a  series  of  beautiful  falls  and  rapids,  enters 
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upon  the  Cretaceous  formation.  The  area  drained  by  the  Tallapoosa  comprises  4,935  square  miles,  of  which  about 
700  are  in  Georgia.  This  region  is  distinguished  in  the  main  by  a  healthful  climate  and  by  the  possession  of 
valuable  mineral  and  agricultural  resources.  The  portion  south  of  the  latitude  of  Tallassee  is  in  the  cotton-belt ; 
it  is  cultivated  successfully  for  wheat,  rye,  oats,  and  a  variety  of  other  crops,  but  the  great  and  staple  productions 
are  cotton  and  corn.  To  the  northward  the  soil  is  reddish  or  gray,  with  clay  subsoil,  and  is  especially  suited  to 
the  raising  of  grain,  fruits,  and  vegetables,  though  cotton  can  be  grown  to  advantage.  The  granite  and  gneiss  of 
this  section  afford  good  building-material,  and  the  gneiss  has  been  used  for  the  Tallassee  cotton  factory.  Soapstone, 
asbestos,  mica,  and  corundum  are  found.  Gold  is  profitably  obtained  from  the  gravels  and  sands  at  Arbacoochee, 
in  Cleburne  county,  and  at  other  points ;  copper  occurs  in  the  same  county.  There  are  extensive  beds  of  iron  pyrites 
in  Clay  county,  and  in  Randolph  and  Chambers  counties  are  met  considerable  quantities  of  magnetite.  A  limited 
settlement  and  poor  railroad  facilities  have  prevented  any  great  development  of  these  resources. 

The  almost  entire  absence  of  suitable  railroad  communication  throughout  that  portion  of  the  river  having  value 
for  power  is,  of  course,  a  hinderance  to  its  immediate  use  for  that  purpose,  but  will  be  remedied  as  the  country 
grows  and  new  lines  are  built.  The  Savannah  and  Memphis  railroad  runs  northwesterly  from  Opelika  and  crosses 
the  river  in  Tallapoosa  county,  but  the  main  stream  is  not  accessible  by  railroad  at  any  other  point  above  Tallassee; 
below  there,  most  of  the  way  to  the  mouth,  it  is  followed  at  a  moderate  distance  by  the  Western  Alabama  railroad. 

By  map  measurement  the  main  Tallapoosa  has  an  extreme  length  of  about  225  miles.  For  nearly  50  miles 
from  the  mouth  it  is  susceptible  of  being  made  navigable  at  a  moderate  outlay.  In  1880  a  survey  was  made  as  far 
as  the  Tallassee  falls  by  Mr.  Gavin  B.  Yuille,  United  States  assistant  engineer;  (a)  upon  this  were  based  estimates 
that  a  low- water  channel  of  3  feet  depth  and  60  feet  width  could  be  secured  for  48  miles  from  the  mouth,  to  the  foot 
of  the  Tallassee  reefs,  for  $40,000,  and  that  at  a  total  cost  of  $275,000  the  channel  could  be  made  80  feet  wid^,  4  feet 
deep,  and  extended  to  the  foot  of  the  Great  falls,  2  miles  above. 

A  t  the  time  of  this  survey  the  discharge  of  the  river  was  gaugad  at  Fort  Decatur  bluffs,  41  miles  from  the 
mouth,  and  found  to  be  1,420  cubic  feet  per  second ;  the  stage  of  the  river  was  considered  to  be  mean  low  water. 
The  drainage  area  above  this  point  being  4,040  square  miles,  the  above  discharge  corresponds  to  0.35  cubic  foot  per 
second  per  square  mile. 

The  only  important  place  directly  on  the  main  river  is  Tallassee,  the  town  containing  abput  1,200  inhabitants. 
Dadeville,  county-seat  of  Tallapoosa  county,  is  distant  a  few  miles  from  its  course,  and  has  a  population  of  700, 
and  Carrollton,  Georgia,  near  thg^  head-waters  of  the  Little  Tallapoosa,  900.  The  main  portion  of  the  district 
drained  by  the  Tallapoosa  is  elevated  and  quite  hilly,  heavily  timbered  with  oak  and  yellow  pine.  In  Paulding 
and  Haralson  counties,  Georgia,  the  upper  waters  are  used  for  power  by  a  few  small  grist-  and  saw-mills,  but  the 
only  important  manufacturing  place  on  the  whole  stream  is  at  the  Tallassee  falls,  65  or  70  miles  by  river  from 
Montgomery  and  about  400  miles  from  Mobile.  Here  the  river,  which  above  is  a  rough  and  rapid  stream,  spreads 
out  to  a  width  of  a  quarter  of  a  mile  or  more  and  incloses  several  islands,  some  of  them  of  considerable  extent. 
Through  the  "  sloughs"  thus  formed  it  has  a  rocky  bed  more  or  less  overlaid  by  gravel.  As  it  approaches  the  falls 
it  narrows,  and  through  two  or  three  principal  channels  pours  down  a  foaming  torrent,  descending  52  feet  in  about 
300  feet.  Immediately  below  the  Great  falls  it  decreases  in  width  to  from  200  to  400  feet  and  then  passes  on  through 
a  deep  pool  with  an  average  breadth  of  from  400  to  600  feet.  The  pool  is  a  quarter  of  a  mile  long,  and  is  succeeded 
by  rough  water,  which  continues  at  intervals  for  perhaps  a  mile  and  a  half  down  stream.  In  this  distance  the  bed 
appears  to  be  mainly  of  solid  rock,  with  many  bowlders ;  the  stream  pitches  over  numerous  low  ledges,  and  falls 
10  feet  at  one  point.  In  the  IJ  or  2  miles  from  the  foot  of  the  Great  falls  to  the  lower  end  of  the  rapids  there  is  a 
total  descent  of  32  feet,  below  which  quiet  water  continues.  All  along  this  section  the  immediate  banks  are  abrupt 
and  high,  rising  probably  from  25  to  50  feet  above  low  water.  Near  the  falls  they  are  very  rocky,  while  at  other 
points  they  appear  to  be  of  loam,  gravel,  or  sand.  They  are  wooded  with  pine,  oak,  and  other  timber,  and  from 
their  summits  the  country  stretches  out,  almost  a  dead  level,  largely  covered  with  pine  woods,  but  broken  here 
and  there  by  extensive  patches  of  cultivated  ground  devoted  to  the  raising  of  corn  and  other  grains. 

At  the  Great  falls  the  river  descends,  as  has  been  said,  through  several  sloughs  or  channels.  Huge  masses 
of  weather-worn  rock  form  a  sort  of  natural  dam,  almost  closing  the  course;  they  are  composed  of  gneiss  the 
strata  dipping  about  25  degrees  to  the  northward.  It  is  supposed  that  this  natural  dam  was  at  some  time  continuous 
across  the  river,  but  having  become  honeycombed  with  pot-holes,  many  of  which  are  to  be  seen,  either  entire  in 
the  unbroken  portion  of  the  rock  or  in  half-section  on  the  side-walls  of  the  channels,  portions  of  it  gave  way  and 
left  openings  for  the  water  as  at  present. 

In  1845  two  South  Carolina  planters  started  a  cotton-mill  at  this  place.  They  erected  a  low  building  which 
is  still  used,  and  in  which  fire-arms  were  manufactured  during  the  civil  war.  In  1854  the  main  building  was 
constructed,  210  by  50  feet  in  size,  with  an  L  of  48  by  50  feet;  the  structure  is  of  stone  and  is  five  stories  in  height. 
The  site  of  the  mills  and  the  little  village  is  in  a  vale  which  puts  back  on  the  west  side  of  the  river,  the  ground 
rising  rapidly  to  an  elevated  plateau  which  commands  a  charming  view  of  the  valley  below. 

The  present  company  is  known  as  the  Tallassee  Falls  Manufacturing  Compainy,  and  has  a  capital  stock  of 
$400,000.  Sheetings,  shirtings,  duck,  cotton  rope,  and  cotton  yarn  are  made,  and  a  ready  sale  is  found  for  the 
bulk  of  the  goods  at  Montgomery.    In  the  spring  of  1881  there  were  run  18,000  spindles,  and  600  hands  were 

a  See  Appendix  K,  B^ort  of  Chief  of  Engineera,  1881. 
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Fig.  2. — View  of  the  Tallasseo  Falls  Mauiifacturiog  Company's  water-privilege. 
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employed.  The  latter  are  nearly  all  white  people  from  the  surrounding  native  population,  who  are  said  to  learn 
quite  readily  and  to  do  their  work  well.  The  officers  of  the  company  state  that  they  find  labor  cheap,  employ  mainly 
girls,  and  are  never  troubled  with  strikes.  The  enterprise  is  of  great  advantage  to  the  surrounding  country,  not 
only  giving  employment  to  many  people,  but  affording  a  convenient  home  market  for  agricultural  products.  At 
the  time  these  mills  were  visited  the  daily  consumption  of  cotton  was  21  bales,  and  was  shortly  to  be  increased  to 
32  bales.  The  shipping  facilities  at  this  point,  however,  are  not  good,  there  being  but  one  railroad — the  Western 
Alabama — accessible,  and  in  order  to  reach  that,  goods  have  to  be  carried  6  or  7  miles  by  team  and  to  be  ferried 
across  the  river.  The  establishment  of  navigation  from  Montgomery  to  Tallassee  would  prove  of  great  value  to 
the  manufacturing  interest  there. 

Only  a  portion  of  the  flow  of  the  river  is  controlled  for  power  at  the  falls.  One  or  two  old  dams,  which  did 
not  serve  their  purpose  well,  remain  in  the  stream  just  above  the  present  structure,  which  is  simply  a  wing-dam 
running  from  the  west  shore  out  to  an  island.  It  is  built  of  stone  in  cement,  rests  upon  solid  rock,  and  is  some 
300  feet  in  length;  in  cross-section  it  is  9  or  10  feet  wide  at  the  base,  6  feet  wide  at  the  top,  and  varies  in  height 
above  foundation  from  6  to  15  feet.  An  iron  strap  runs  along  the  coping,  and  drift-bolts  extend  down  to  bed-rock. 
The  dam  has  a  masonry  abutment,  and  water  is  admitted  through  a  timber  bulkhead  to  the  canal.  This  follows 
along  the  side-hill,  having  a  heavy  retaining-wall  on  the  river  side,  and  ranges  from  15  to  30  feet  in  width  and  from 
5  to  7  feet  in  depth. 

The  extreme  fall  now  in  use  is  32  feet,  which  may  easily  be  increased  to  40  feet.  Uppermost  on  the  line  of  the 
canal  are  a  saw-mill  and  carpenter-shop,  using  together  perhaps  60  horse-power  from  old  scroll  wheels.  Then  follow, 
in  order,  an  overshot  wheel  running  a  pump  which  supplies  the  factory  and  village;  a  3-run  grist-mill  taking  power 
from  a  32-foot  overshot;  and  the  cotton-mills,  where  power  is  used  as  follows: 

Horse-power. 

Old  mill,  one  40-iiioh  Leffel  wheel,  24  feet  head,  rated  at 118 

Main  mill,  one  56-lnch  Leffel  wheel,  24  feet  head,  rated  at 290 

Main  mill,  one  66-inoh  Leffel  wheel,  24  feet  bead,  rated  at 433 

New  mill,  one  48-inch  Lefiel  wheel,  32  feet  head,  rated  at 264 

Total  rated  power  of  4  wheels 1,105 

The  superintendent  of  the  factory  estimates  that  about  two-thirds  of  the  rated  power,  or  say  from  700  to  750 
horse-power,  is  actually  in  use.  Last  in  order  is  a  foundery  and  blacksmith-shop,  with  a  small  overshot  wheel.  It  is 
probable  that  altogether  not  far  from  900  effective  horse  power  is  in  use  on  the  privilege,  and  the  surplus  volume  of 
the  river  always  represents  a  large  additional  power  which  is  wholly  unemployed.  The  Tallasse  Palls  company  owns 
the  land  on  the  west  side  of  the  river,  both  above  and  below  the  falls,  covering  a  distance  of  several  miles.  It 
also  owns  a  two-sixths  interest  in  the  power  on  the  opposite  side  of  the  river  at  the  falls.  That  site  is  capable  of 
being  developed  into  a  fine  privilege,  but  it  is  considered  that  its  improvement  would  be  expensive  on  account 
of  the  rock-cutting  which  would  be  necessary  for  a  canal. 

Below  the  main  falls  the  principal  disadvantage  to  the  development  of  power  lies  in  the  exposure  to  a  somewhat 
heavy  freshet-rise,  and  consequent  trouble  from  backwater.  The  Tallapoosa  is  a  stream  subject  to  large,  and 
sometimes  extremely  sudden,  oscillations,  brought  about  by  winter  and  early  spring  rains.  At  such  times  it 
becomes  a  turbid  and  dangerous  flood,  though  commonly  a  clear  and  beautiful  stream.  The  rise  in  this  vicinity 
varies  much  at  different  points;  at  the  head  of  the  Great  falls  it  is  only  5  or  6  feet,  at  their  foot  14  feet,  and  for  a 
mile  and  a  half  down  stream  about  20  feet,  never  reaching  the  top  of  the  banks,  however.  Still  below,  the  slope 
of  the  river  becomes  much  reduced,  freshet- waters  are  less  readily  carried  off,  and  the  rise  is  great  enough  tit  times 
to  submerge  the  banks.  It  is  generally  considered  that  for  at  least  a  mile  below  the  main  falls  the  water-power 
can  be  improved  advantageously.  With  only  one  record  of  the  discharge,  and  hardly  any  data  concerning  the  rainfall 
on  its  drainage  basin,  it  is  difficult  to  make  a  reliable  estimate  as  to  the  power  of  the  Tallapoosa  in  this  vicinity, 
nor  can  it  here  be  stated  with  accuracy  how  much  fall  would  be  found  practically  available;  but  under  various 
assumptions  as  to  the  fall  it  is  probable  that  the  powers  expressed  in  the  following  table  could  be  realized: 

Estimate  of  power,  at  Tallassee  falls  and  vicinity. 


RAINPALL  ON  BASIN.  (O) 

Drainage 
area. 

Flow  per 
second, 

average 

for  the 

24  hoars. 

THKOHKTICAL  HOKBK-POWEE. 

Stage  of  river. 

Spring. 

Stuumer. 

Autamn. 

Winter. 

Year. 

Ifoot 
fall. 

32  feet 
fall{ex- 
■  treme 
fall 
now 
in  use). 

40  feet 
faU 

(easily 
available 
at  cotton 
factory). 

52  feet 
fall  (total 
at  (jreat 

faUs). 

75  feet 
fall. 

84  feet 
fall  (total 
from  head 
of  falls  to 

foot  of 

reefs, 
probably 

not  all 
available). 

Inches. 

]     ' 

Inches. 
13i 

Inches. 

104 

Inches. 
14i 

Inches. 

52J 

Sq.  miies. 
3,520 

Ou.feet. 

r   1, 140 

J     1,430 
[     2, 000 

129.5 
162.4 
227.2 

4,140 
5,200 
7,270 

5,180 
6,500 
9,090 

6,730 
8,440 
11,  810 

9,710 
12, 180 
17, 040 

10,  880 

13,640 

Available  10  months,  average  year. . 

19, 080 

a  Boaghly  estimated  from  Smithsonian  records. 


847 


10 


WATER-POWER  OF  THE  UNITED  STATES. 


Ascending  from  the  Tallassee  falls,  the  river  is  described  as  having  a  generally  rough  character.  It  flows  with 
rapid  current  over  a  rocky  bed,  and  is  frequently  crossed  by  low  ledges  forming  natural  dams.  The  banks  are 
high,  rocky,  and  wooded  with  pine  and  other  timber.  The  surrounding  country  is  very  hilly,  and  cultivated  only 
to  a  limited  extent.  As  previously  remarked,  there  is  no  manufacturing  above  Tallassee  except  by  a  few  saw- 
and  grist-mills,  mainly  in  the  extreme  upper  waters.  There  can  be  little  question,  however,  that  when  the  section 
drained  by  the  Tallapoosa  shall  have  become  more  developed,  the  splendid  water-powers  furnished  by  the  stream 
■will  be  made  to  support  extensive  industries. 

The  main  river  receives  numerous  .tributary  streams  which  are  used  by  small  saw-  and  grist-mills,  and  which 
are  said  to  offer  many  fine  opportunities  for  manufacturing.  The  Songahatchee,  emptying  from  the  east  a  few 
miles  above  Tallassee,  was  especially  referred  to  as  a  good  representative  of  these  tributaries,  which  have  generally 
rocky  or  gravelly  beds,  high  banks,  and  a  very  steady  discharge. 

Estimate  of  power  of  the  Tallapoosa  river  at  different  points  in  its  course. 


Locality. 


Tallapoosa,  Haialson  connty,  Greorgia 

Below  Ketchepedrakee  creek 

Below  Little  Xallapoosa  lirer 

Below  Hillabee  Hatchee  creek 

Below  Siolijah  creek 

Tallassee  falls 


KAINPALL  ON  BASIN,  (a) 


Spring. 


Inchee. 
U 
14 
14 
14 
14 
14 


Summer. 


Incjies. 
12 
12 
12 
12) 
13i 
13i 


Autumn. 


Inchee. 
10 
10 
10 
10 
lOi 
10) 


Winter. 


Inches, 
15 
15 
15 
15 
14J 
]4i 


Year. 


Inches. 
51 
51 
51 
51i 
52) 


Drainage 


8g.  miles. 
205 
725 
1,470 
2,570 
3.177 
3,520 


THEOBETICAL  BOBSE-FOWBB 
FSB  FOOT  OF  FALL.(&) 


Low 

water, 

dry 

year. 


5.7 

22.7 

5L1 

97.7 

119.3 

129.5 


Low 

water, 

average 

year. 


9.1 

34.1 

70.4 

122.7 

150.0 

162.4 


Available 

10  monUis, 

average 

year. 


13.6 

47.7 

98.  S 

170.4 

209.0 

227.2 


a  Konglily  estimated.  b  Based  on  the  average  flow  for  the  24  hours. 

Principal  tributaries  of  the  Tallapoosa  river  [in  order  from  its  source). 


Name  of  stream. 


Drainage 
area. 


Name  of  stream. 


Drainage 
area. 


Sq. 


Cane  creek 

Ketchepedrakee  creek 

Had  Indian  creek 

Little  Tallapoosa  river  atCarrollton 

Little  Tallapoosa  river  at  state  line 

Little  Tallapoosa  river  below  Cat  Nese  creek 

Little  Tallapoosa  river  at  mouth 

Cat  Nese  creek  (tributary  to  Little  Tallapoosa) 

Piney  creek  (tributary  to  Little  Tallapoosa) 

"Wedowee  (?)creek  (tributary  to  Little  Tallapoosa) 

Fox  creek 

Crooked  creek 

Chillisado  creek 

Cohensanersa  creek 

Hoolethloceo  creek 

Hillabee  Hatchee  creek  at  junction  of  East  and  West  forks 
Hillabee  Hatchee  creek  at  mouth 


miles. 

65 

56 

36 

75 

346 

480 

650 

23 

26 

49 

50 


124 

167 
287 


Elkehatchee  creek 

Sandy  creek  atDadeville 

Sandy  creek  at  mouth 

Bine  creek  at  Savannah  and  Memphis  Bailroad  crossing 

Blue  creek  at  mouth 

KiolJijah  creek 

Songahatchee  creek  north  of  Kotasulga 

Songahatchee  creek  at  mouth 

Arapa  creek  at  Chehaw 

Arapa  creek  at  month 

Wallahatchee  creek , 

Tomgahatchee  creek 

Caleebee  creek(a) 

Cupia  Hatchee  creek(a) , 

Oakfuskee  creek  (a) , 

Hatchee  Chuhbee  creek 


Sq.  mUei. 

72 

49 

120 

86 

176 

131 

156 

247 

361 

452 

32 

46 

158 

127 

333 

72 


a  Lie  in  the  cotton-belt,  and  are  not  used  for  power. 


THE   COOSA  UIVEE. 

This  river,  the  most  important  tributary  of  the  Alabama,  is  formed  at  Eome,  in  nbrthwestern  Georgia,  by  the 
union  of  the  Etowah  and  Oostenaula  rivers.  It  passes  westerly  across  Floyd  county,  and  entering  Alabama  pursues  a 
southwesterly  and  then  southerly  direction,  till  it  joins  the  Tallapoosa  a  few  miles  below  Wetumpka.  In  its  passage 
through  Alabama  it  either  runs  across  or  borders  the  counties  of  Cherokee,  Etowah,  Saint  Glair,  Galhoun,  Talladega, 
Shelby,  Chilton,  Coosa,  and  Elmore.  Although,  measured  along  its  general  course,  this  river  is  only  about  165  miles 
long,  yet  its  actual  length,  following  the  many  windings,  is  not  far  from  335  miles. 

As  described  by  Professor  Tuomey,  the  Coosa,  from  its  source  to  Greensport,  Saint  Clair  county,  runs  along 
the  strike  of  the  rocks,  following  a  valley  between  the  strata.  It  then  turns  more  to  the  southward  and  crosses 
the  edges  of  the  strata,  forming  rapids  where  the  rock  is  hard  and  indestructible,  alternating  with  quiet  pools 
where  the  softer  limestone  is  met.  The  lower  course,  from  the  latitude  of  Shelbyville  to  Wetumpka,  is  along 
the  inner  edge  of  the  region  of  metamorphic  rocks.  These,  with  the  accompanying  rapids,  are  left  at  Wetumpka, 
848 


Fig.  3. — Tallesse  Falls  Manufacturing  Company's  mill. 
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uud  for  the  remaining  short  distance  to  the  mouth  there,  is  deep  and  yidet  wuter.  The  Coosa  thun  yoaies  to  present 
the  unnsual  condition  of  a  stream  navigable  at  its  head  and  foot,  but  for  a  long  intervening  distance  filled  with 
impassable  rapids.  From  the  mouth  navigation  is  shut  off  by  the  falls  at  Wetumpka,  but  from  Greensport  for 
about  180  miles  to  Eome  it  is  practicable  and  is  availed  of  5  half  a  dozen  steamers  ply  over  this  portion  for  nine 
months  in  the  year,  and  three  of  them  throughout  the  year.  A  great  deal  of  lumbering  is  done  along  the  stream, 
and  large  amounts  of  timber  are  towed  to  Gadsden  in  rafts,  transferred  to  tlu^  'ailroad,  and  shipped  north. 

With  a  view  to  the  improvement  of  the  145  miles,  more  or  less,  of  rivei'  between  Wetumpka  and  Greensport, 
several  surveys  have  been  made  by  the  general  government.  If  navigation  could  be  secured  over  this  stretch, 
then  it  would  extend  uninterrupted  foi  about  800  miles  from  Mobile  to  northwestern  Georgia  and  the  southern 
boundary  of  Tennessee.  In  order  to  bring  -ibout  this  desirable  result  a  series  of  locks  and  dams  must  be  built,  the 
expense  of  the  improvement  from  Wetumpka  to  the  Selma,  Rome,  and  Dalton  liailroad  crossing  being  estimated 
at  $2,650,000, (fl.)  and  for  the  remaining  portion  above  at  $550,0((0,(&)  or  about  $3,200,000  for  the  entire  distance.  Up 
to  the  spring  of  1881  the  work  actually  undertaken  had  been  confined  to  a  stretch  of  about  35  miles  below  Greensport. 
The  improvement  of  this  section,  under  charge  of  :\lyjor  W.  R.  King,  (Jorps  of  Engineers,  comprises  the  construction 
of  three  dams  and  accompanying  locks,  one  of  the  former  reaching  across  the  river,  1,100  feet,  a  second  closing  a 
chute,  and  a  third  extending  2,000  feet  up  stream  as  a  wing-dam. (c)  The  completion  of  another  dam,  at  what  are 
known  as  the  Broken  Arrow  shoals,  is  to  give  navigable  water  to  the  coal-fields  of  Saint  Clair  county.  ¥p  to  March, 
1881,  inclusive,  $285,000  had  been  appropriated  to  this  part  of  the  Coosa  river. 

Drainage  areas. 

Square  miles. 

Etowah  river 1, 940 

Oostenaula  river 2, 190 

Cooea  river  below  junction  of  Etowah  and  Oostenaula  rivers 4, 130 

Coosa  river  at  mouth 10, 610 

The  section  of  country  lying  within  the  Coosa  basin  has  rich  resources  which  are  as  yet  scarcely  touched. 
Bituminous  coal,  iron,  and  limestone  abound,  often  in  close  proximity.  The  Coosa  coal-field  is  one  of  the  three  great 
coal-fields  of  Alabama,  and  along  its  southeastern  border  extends  what  is  described  by  Prof.  B.  A.  Smith  as  the 
"wide  limestone  valley"  of  the  river  we  are  studying.  As  stated  in  Berney's  Hand-hook  of  Alabama,  the  main 
deposits  of  brown  hematite  ore  in  the  state  lie  along  the  course  of  the  Selma,  Eome,  and  Dalton  railroad  {d)  from 
Brierfleld  across  and  to  the  east  of  the  river,  and  along  the  line  of  the  Alabama  Great  Southern  railroad  to  the 
westward  of  the  river;  while,  stretching  to  the  northeast  from  Tuscaloosa  through  Birmingham  and  into  Georgia, 
there  is  a  wonderful  mass  of  red  hematite,  the  Red  Mountain  deposit  of  which  has  already  been  described  in  speaking 
of  the  Cahaba  river.  The  principal  iron  mining  in  the  Coosa  basin  in  Alabama  is  at  Shelbyville,  in  Shelby  county, 
and  at  various  points  in  Cherokee  county.  Several  other  minerals  are  found  in  this  section,  including  gold,  copper, 
lead,  plujtnbago,  and  manganese.  Slate  of  tine  quality,  iJOttery  and  fire-brick  clay,  and  soapstone  occur,  while  the 
limestone,  granite,  and  gneiss  aSbrd  excellent  building-materials.  There  are  extensive  forests  of  pine,  oak,,  and 
other  varieties  of  timber.  The  agricultural  resources  are  also  valuable,  the  soil  in  the  lower  basin  being  best 
adapted  to  cotton,  and  in  the  upper  i^ortion  to  grain.  The  most  important  points  along  the  river  are  Wetumpka, 
some  10  miles  from  the  mouth,  with  a  population  of  800;  Gadsden,  in  Etowah  county,  with  1,700;  and  Rome, 
Georgia,  with  3,900. 

From  what  has  been  said  it  may  be  seen  that  the  only  portion  of  the  river  to  be  considered  with  reference  to 
water-power  is  that  lying  between  Greensport  and  Wetumpka,  covering  in  the  neighborhood  of  145  miles.  So  far 
as  can  be  learned  there  is  at  present  no  power  used  in  this  distance  except  by  a  small  flouring-  and  grist-mill  in 
Saint  Clair  county,  obtaining  a  fall  of  3J  feet,  probably  by  a  wing-dam.  In  the  report  by  Major  Walter  McFarland, 
Corps  of  Engineers,  TJ.  S.  army,  embodied  in  the  Ohief  of  Engineers^  Report  for  1872,  the  fall  from  Greensport  to 
Wetumpka  is  stated  as  360  feet ;  and  the  total  fall  upon  rapids  between  the  Selma,  Eome,  and  Dalton  Railroad 
crossing  and  Wetumpka  as  260  feet.  The  superintendent  of  the  East  Tennessee,  Virginia,  and  Georgia  railroad 
gives  the  elevation  at  its  Eome  crossing,  at  the  head  of  the  Coosa,  as  652  feet  above  tide. 

Although  from  lack  of  time  the  river  was  not  personally  examined,  it  is  judged  from  government  engineers' 
descriptions  of  it  that  at  many  points  on  the  rapids  power  might  be  developed  to  advantage ;  and  since  it  contains 
numerous  long  islands  forming  chutes  between  themselves  and  the  adjacent  banks,  it  is  not  improbable  that  at 
such  points,  as  is  the  case  on  the  Chattahoochee  river,  good  powers  might  be  obtained  at  slight  expense.  The 
width  of  the  river  is  large  on  the  shoals,  ranging  from  650  to  2,000  feet  above  the  Selma,  Eome,  and  Dalton 
Railroad  crossing,  and  from  1,000  to  3,000  feet  on  the  section  below.  The  control  of  the  entire  flow  of  the  stream 
would  therefore  in  many  cases  involve  heavy  expense  for  a  dam,  and  certainly  no  such  enterprise  would  be 
undertaken  without  having  regard  to  the  possible  improvement  of  the  entire  river  by  the  United  States  government. 

a  Senate  Ex.  Doc.  No.  42,  Forty-sixth  Congress,  third  session. 
b  See  Mtport  of  Chief  of  Engineers,  U.  S.  army,  1881,  p.  1873. 
c  See  Appendix  X  9,  Beport  of  Chief  of  Engineers,  1881. 
d  Alabama  division  of  the  East  Tennessee,  Virginia,  and  Geor^a  railroad. 
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As  has  been  said,  the  design  is  to  extend  the  system  of  locks  and  dams  so  as  ultimately  to  overcome  all  the  rapids 
by  slack-water  navigation.  If  that  design  should  be  carried  out,  the  surplus  water  at  the  dams  above  the 
requirements  of  lockage  would  probably  be  available,  under  proper  restrictions,  for  power;  and  the  opinion  is 
expressed  by  those  engineers  having  charge  of  the  river,  that  favorable  sites  for  manufacturing  would  undoubtedly 
thus  be  created. 

Probably  the  principal  disadvantage  that  would  be  experienced  in  the  actual  use  of  power  would  be  an 
occasional  hinderance  from  backwater  during  freshets,  which  are  sometimes  very  heavy  and  sudden.  Eegarding 
the  rises  in  the  river,  Mr.  Gavin  B.  Tuille,  United  States  assistant  engineer,  in  his  report  upon  a  survey  of  the  68J 
miles  above  Wetumpka,(a)  remarks  as  follows: 

The  oscillation  of  the  river-surface  during  freshets  Tvas  found  to  he  very  variable,  being  governed  by  width  and  inclination  of  the 
channel.  On  the  shoals  where  the  river-channel  is  from  1,000  to  3,000  feet  wide  and  there  is  an  inclination  of  10  or  12  feet  in  a  mile,  the 
oscillation  ranges  from  6  to  8  feet,  while  at  Wetumpka,  where  the  river  has  a  width  of  700  feet  between  high  banks,  and  situated  at  the 
head  of  slack-water  river  below,  we  find  an  extreme  oscillation  of  53.71  feet,  and  at  all  points  where  the  river  is  of  contracted  width  and 
deep  slack-water  channel  the  oscillation  is  from  20  to  40  feet. 

On  the  section  of  river  below  and  adjacent  to  Greensport,  where  a  system  of  locks  and  dams  is  being  completed, 
the  most  favorable  sites  for  power  are  mentioned  as  being  Whistenant's  Mill  shoals,  where  there  is  a  fall  of  6J  feet 
available;  Ten -Island  shoals,  where  the  fall  is  12  feet  in  a  mile  and  a  quarter;  and  Broken  Arrow  shoals,  where  it 
is  designed  to  erect  a  dam  12  feet  high. 

The  upper  Coosa  is  bordered  by  a  considerable  amount  of  bottom-land,  beyond  which  rise  high  hills  well 
wooded  with  pine.  The  lower  valley  is  more  contracted,  and  shows  only  occasional  narrow  strips  of  bottom-land, 
subject  to  overflow  during  extremely  high  freshets ;  in  this  section,  where  the  banks  are  not  of  the  character 
described  they  are  usually  high  and  rocky,  and  even  at  times  precipitous.  The  channel  shows  "a  succession  of 
confined  level  pools  of  deep  water,  connected  by  sloping  reaches  of  broad  and  shallow  reefs  and  shoals,  filled  with 
numerous  islands  and  rocks,  with  narrow  and  shoal  runs  of  water  between".  The  pools  are  very  deep,  sometimes 
from  40  to  60  feet,  and  the  river-bed  is  almost  entirely  of  bare  solid  rock,  with  scarcely  any  deposit  covering  it. 

Undoubtedly  the  finest  power  to  be  obtained  on  the  Coosa  river  is  at  Wetumpka,  within  10  miles  or  so  of  the 
mouth.  Ascending  from  the  city,  a  succession  of  shoals  and  pools,  ranging  usually  from  4,000  to  6,000  feet  each  in 
length,  is  encountered,  after  which  there  is  a  continuous  shoal  stretching  7  miles  up  stream.  The  river-banks  in 
the  section  below  are  high  and  rocky.  The  head  of  the  shoals  mentioned  is  at  a  distance  of  nearly  15  miles  by  river 
above  the  Wetumpka  bridge,  and  is  said  to  offer  a  favorable  site  for  a  dam.  By  bringing  a  canal  from  that  point 
down  the  east  bank  to  Wetumpka,  security  from  the  reach  of  high  water  would  be  obtained,  and  a  fall  made 
available  at  the  city  of  not  far  from  80  feet  in  the  most  favorable  stage  of  river.  During  freshets  this  fall  would 
be  liable  to  be  reduced  one-half,  and  even  more  in  extreme  cases.  The  expense  of  constructing  a  canal  of  proper 
capacity  12  or  15  miles  in  length,  even  if  the  cost  of  a  dam  could  be  avoided  by  taking  advantage  of  one  erected  by 
the  government  in  case  of  the  improvement  of  the  stream  for  navigation,  would  be  very  great — suf&ciently  so, 
perhaps,  to  forbid  the  undertaking.  The  power  to  be  obtained,  however,  would  be  magnificent,  and  calculated  to 
build  up  an  important  manufacturing  city. 


Estimate  of  power  available  at  Wetumpka. 


stage  of  river. 


Low  water,  dry  year 

Low  water,  average  year 

Available  10  months,  average  year 


RAINFALL  OS  EASnt.  (O) 


Spring.     Sununer.  Autninn.    Winter.      Year. 


Inches. 


Inches. 


Inches. 
10 


Inches. 
15i 


iTiches. 
54 


Drainage 
area. 


Sq,  miles, 
b  10, 235 


Flow  per 

second, 

average  for 

the  24 
hours,  (e) 


Cubic  feet. 
2,130 
2,500 
3,560 


Theoretical  horse-power. 


IfootfaM. 
242.0 
290.8 
404.4 


iO  feet  fall. 
9,680 
11, 630 
16, 180 


eofeetfcdl. 
14, 520 
17, 450 
24,  260 


SOfeetfaU. 
19, 360 
23, 260 
32, 350 


a  Roughly  estimated. 

6  At  a  point  15  miles  by  river  above  Wetumpka. 

c  In  case  of  the  improvement  of  the  stream  by  locks  and  dams  for  navigation,  Mr.  Tuille  estimates  the  demand  for  lockage  at  an  average  of  56  cinbio  feet  per 
second,  assuming  a  lock  210  X  40  X  8  feet  to  be  emptied  once  in  20  minutes  throughout  the  day;  and  estimates  the  total  loss  by  lockage  and  waste  at  124  cubic  feet 
per  second,  which  is  neglected  in  the  above  table. 

Notwithstanding  the  large  amount  of  undeveloped  power  presented  by  the  Coosa,  the  limited  extent  to  which 
manufacturing  is  carried  on  in  this  section  seems  to  have  prevented  any  special  demand  for  it,  and  even  if 
manufacturing  enterprises  were  more  common  many  would  doubtless  avail  themselves  of  the  opportunities  for 
obtaining  coal  cheaply  and  would  use  steam-power.  For  establishments  to  be  located  directly  upon  the  main  river 
railroad  facilities  are  poor.  About  midway  between  Greensport  and  Wetumpka  is  the  crossing  of  the  Selma,  Eome, 
and  Dalton  line;  but,  except  in  that  vicinity,  the  course  of  the  river  between  the  two  points  mentioned  is  distant 
from  5  to  15  miles  from  the  nearest  railroad. 
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a  Senate  Ex.  Doc.  No.  42,  Foriy-aixth  Congress,  third  session. 
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Estimate  o 

/  power 

at  the  principal 

shoals  on  the  Coosa  river 

in  order  below  Oreensport[a]). 

Drainage 

area 
(approxi- 
mate). 

Lengtli 
of  shoal. 

Tall 
on  shoal. 

THEOEETIOAL  UORSE-POWER.  (&) 

Name  of  shoal. 

Low  water, 
dry  year. 

Low  water, 

average 

year. 

Available 

10  months, 

average 

year. 

Eemarks. 

Sq.  miUe. 
6,870 

MiUs. 

Feet. 
6.50 

12.00 

12.00i 

6.00 

12.00 

7.00 
4.00 
55.75 

39.00 

8.38 
lO.OOi 

lO.OOi 
9.  00± 
9.00± 
8.00± 
8.00 

8.00 
8.00± 
8.00± 
8.00± 
8.00± 
4.14 
7.63 
12.60 
277.00  + 

80.00 

1,020 
2,370 
2,370 

990 

2,520 

1,470 

840 

12,  350 

8,990 

2,000 
2,400 

2,400 
2,170 
2,170 
1,940 
1,  950 

1,960 
1,960 
1,060 
1,960 
1,960 
1,020 
1,880 
3,120 
61,  600 

19,  360 

1,220 
2,850 
2,850 

1,190 

3,010 

1,760 
1,000 
14,  820 

10,760 

2,400 
2,870 

2,880 
2,600 
2,610 
2,330 
2,840 

2,350 
2,350 
2,350 
2,360 
2,360 
1,220 
2,250 
3,740 
73,  870 

23,  260 

1,710 
3,950 
3,950 

1,660 

4,200 

2,450 

1,400 

20,  680 

14,  980 

3,330 
4,000 

4,010 
3,620 
3,630 
3,230 
3,260 

3,270 
3,270 
3,270 
3,280 
3,280 
1,700 
3,130 
6,180 
102,710 

32,  350 

Immediately  below  Greensport ;  6i  feet  is  the  faU  said  to 

1.40± 
1.70i 

1.30± 

0.06 

0.95± 
0.38 
7. 80.+ 

6.25 

0.66 
0.57 

be  available  for  power. 
Eighteen  or  twenty  miles  below  Greensport;    12  feet  is 

7,320 

the  fall  said  to  be  available  for  power. 
Forty-eight  miles  above  the  Selm.a,  Rome,  and  Dalton  Eail- 

Chocholoco  alioals  . 

road  crossing.    To  be  improved  for  navigation  by  a  dam 
with  lock  of  12  feet  lift. 
Thirty-eight  miles  from  the  Selma,  Eonie,  and  Dalton  Eail- 

roail  crossing.    Shoals  occur  between  an  island  and  the 
mainland,  the  west  channel  being  1,200  and  the  east  150 
feet  wide. 

One-halt  mile  above  Claunohe's  ferry.    Shoals  caused  by 

a  roef  of  rock. 
Itoef  of  rock  crosses  river  midway  of  shoal. 

8,020 
9,130 

9,420 
10,  050i 

Eiver  800  feet  wide  at  head  of  shoals. 

Shoals  down  stream  from  head  of 
Weduska  shoals. 

Weduska  shoals  begin  about  18  miles  below  the  Selma, 
Homo,  and  Dalton  Eailroad  crossing.  Thence  down  stream 
the  river  ia  described  as   "one  mass  of  shoals,  rapids, 
reefs,  iilled  with  rocks,  islands,  and  willows  growing  in 
the  water,  and  varying  in  width  from  1,000  to  1,800  feet"- 

Hoad  of  shoals  about  32  miles  below  the  Selma,  Eome,  and 

Dalton  Eailroad  crossing. 
Channel  width,  from  700  to  1,200  feet. 

ITiah-Trap  reef 

Dam  proposed  with  lock  of  10  feet  lift :  river  about  1, 600  feet 

Hell's  G-an  reef 

wide,  and  runs  swiftly  over  rocky  reefs. 
Dam  proposed  with  lock  of  10  feet  lift. 

Dam  proposed  with  lock  of  9  feet  lift. 

Do. 

Eeef  li  mile  below  Grey's  ferry  . . . 

10,  235 

Dam  proposed  with  look  of  8  feet  lift. 

Eiver  widens  to  3,000  feet,  is  very  shoal,  and  is  filled  with 

0.49 
0.67 

reefs  and  masses  of  rock. 

Dam  proposed  with  lock  of  8  feet  lift. 

Do. 

Do. 

Do. 

Eose's  reef 

0.26 
0.96 
0.76 

Total  for  above  shoals,  with  falls  as 
assumed. 

Total  power  assumed  to  beavailable 
at  "Wetnmpkaby  canal  from  first 
reef  below  Grey's  ferry,  a  dis- 
tance of  nearly  15  miles. 

Tho  only  utilization  of  power  reported  is  made  by  a  single 
small  grist-mill. 

15.00± 

a  Data  concerning  shoals  are  taken  from  report  by  G.  B.  Yuille  (Senate  Ex.  Boc.  No.  42,  Forty-sixth  Congress,  third  session),  and  from  report  of  James  C.  Long 
(Report  of  Chief  of  Engineers,  1872).  The  table  is  intended  to  show  approximately  the  power  corresponding  to  the  natural  fall,  in  the  main,  on  various  shoals ;  the 
fall  practically  available  at  the  different  localities  would  doubtless  vary  much  from  the  figures  here  employed,  being  governed  by  the  height  of  dam  and  length  of 
canal.    The  real  value  of  the  shoals  for  manufacturing  use  is  to  be  determined  only  by  careful  examination. 

h  Based  upon  average  flow  for  the  24  hours.    "With  good  wheels,  from  60  to  80  per  cent,  of  the  theoretical  power  can  be  realized. 

Note. — The  rainfall  on  the  basin  may  be  taken  roughly  at  14^  inches  in  spring,  14  in  summer,  10  in  autumn,  15.^  in  winter,  and  54  for  the  year. 

Tributaries  op  the  Coosa  river. — Below  the  point  of  its  formation  by  the  Etowah  and  Oostenaula  rivers 
the  Coosa  receives  many  minor  tributaries,  ranging  in  size  of  drainage  area  from  about  500  square  miles  downward, 
and  to  which  the  same  general  remarks  woald  apply  as  to  the  corresponding  tributaries  of  the  Tallapoosa,  which 
have  elsewhere  been  spoken  of.  Two  of  these  were  visited — the  Chattooga  river  and  Cedar  creek,  streams  of 
medium  size — and  a  description  of  them  may  serve  to  give  an  idea  as  to  the  capabilities  of  the  rest. 

The  Chattooga  river  rises  35  miles  northerly  from  Eome,  in  northwestern  Georgia.  Prom  its  source  in  Walker 
county  it  runs  southwesterly  across  Chattooga  county,  into  Alabama,  joining  the  Coosa  a  short  distance  beyond 
the  state  boundary,  in  Cherokee  county.  It  drains  the  valley  lying  between  Pigeon  mountain,  a  spur  of  the  Lookout 
Mountain  range,  on  the  west,  and* Taylor's  ridge  on  the  east,  and  includes  within  its  basin  375  square  miles. 

This  river  has  the  usual  characteristics  of  a  mountain  stream;  it  receives  its  supplies  from  a  rough,  hilly,  well- 
wooded  section,  flows  over  a  rocky  bed  and  between  banks  that  are  usually  high  and  rocky,  though  now  and  then 
there  occur  stretches  of  productive  bottom-land.  It  is  subject  to  high  freshets,  with  rapid  rise  and  fall.  Good  sites 
for  power  abound,  and  are  generally  improved  by  framed  dams,  and  occupied  by  small  saw-mills,  grist-mills,  and 
cotton-gins.  The  Tryon  factory,  distant  some  25  miles  by  carriage-road  from  Eome  and  15  miles  from  any  railroad, 
is  the  only  important  manufacturing  establishment  on  the  stream.  The  mill  is  a  fine  structure  of  brick,  and  is 
surrounded  by  a  small  village,  where  dwell  the  operatives,  numbering  250  or  more.    The  Tryon  Manufacturing 

Company  has  a  capital  stock  of  $225,000,  and  runs  9,000  spindles  and  258  looms  in  the  manufacture  of  sheetings, 
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shirtings,  and  drills,  using  14  or  15  bales  of  cotton  per  day.  At  this  locality  the  Chattooga  river  is  75  or  100  feet 
wide,  has  a  rapid  current,  and  its  waters  are  colored  a  greenish  hue  by  the  presence  of  lime.  The  site  was  a  favorable 
one  for  improvement;  where  the  dam  is  situated  one  bank  rises  abruptly  from  the  stream,  rocky  and  very  high, 
while  the  other,  composed  of  gravel  and  having  a  gentle  slope,  afforded  a  convenient  course  for  the  canal.  The 
present  dam  was  built  in  1 877,  at  a  cost  of  from  $1,200  to  $1,500,  and  replaced  one  which,  owing  to  faulty  construction, 
had  been  carried  out  in  high  water.  It  is  a  framed  structure,  about  250  feet  long  and  12  feet  high,  resting  on  a 
bed  of  solid  rock.  One  abutment  is  a  natural  ledge,  and  the  other  a  timber  crib-work  filled  with  stone  ballast. 
The  back-slope  is  longer  than  it  was  in  the  old  dam,  and  the  space  underneath  is  filled  in  with  loose  rock,  the 
omission  of  which,  and  a  too  abrupt  slope,  are  thought  to  have  been  responsible  for  the  failure  of  the  first 
structure.  The  dam  sets  back  the  river  for  about  2J  miles.  A  canal  perhaps  1,500  feet  long  and  30  feet  wide 
runs  to  the  factory,  and  on  the  way  supplies  power  to  a  small  saw-mill,  3  cotton-gins,  and  a  2-run  grist-mill.  At 
the  cotton  factory  the  fall  is  16  feet ;  three  Eisdon  turbines,  with  an  aggregate  of  300  rated  horse-power,  are 
employed,  and  about  250  horse-power  is  estimated  to  be  actually  in  use.  For  four  months  in  the  year  the  supply 
of  water  runs  short,  and  steam-power  has  then  to  be  resorted  to  in  part.  The  drainage  area  of  the  river  above 
the  Tryon  factory  is  160  square  miles. 

Cedar  creelc  empties  into  the  Coosa  from  the  south  a  few  miles  above  the  Chattooga  river,  and  drains  an  area  of 
225  square  miles  lying  in  Polk  and  Floyd  counties,  Georgia.  It  is  a  short  mountain  stream,  with  a  length  of  only 
22  miles,  and  at  Cedartown,  at  which  point  its  drainage  area  amounts  to  80  square  miles,  averages  about  70  feet  in 
width  and  4  feet  in  depth,  and  has  a  good  current.  Like  the  Chattooga,  it  is  very  rapid  in  rise  and  fall.  But  a  short 
time  before  it  was  visited,  in  the  spring  of  1881,  it  had  risen,  overflowed  its  banks,  damaged  the  hydraulic  canal 
at  Cedartown,  and  receded  within  its  channel  again,  all  in  the  space  of  twelve  hours.  During  the  same  season  the 
city  of  Eome  was  partially  inundated  by  high  water  from  the  Etowah  and  Oostenaula  rivers,  at  the  junction  of  which 
it  is  situated.  Northwestern  Georgia  is  an  elevated  region,  having  an  estimated  average  altitude  of  750  feet  above 
the  sea.  It  is  frequently  visited  by  very  heavy  rains  in  winter  and  spring,  and  most  of  the  streams  are  liable  at 
such  times  to  overflow  their  banks  extensively  in  those  portions  of  their  courses  where  they  are  not  kept  within 
bounds  by  high  banks  or  a  large  slope. 

Cedar  creek  falls  quite  rapidly,  is  tolerably  well  sustained  in  the  dry  season,  and  offers  good  unimproved 
sites  for  power.  It  is  also  considerably  used  by  small  mills,  but  the  only  manufacturing  of  importance  is  at 
Cedartown,  where  are  the  extensive  works  of  the  Cherokee  Iron  and  Eailroad  Company.  This  company  was  started 
in  1872,  and  has  now  made  an  investment  of  over  $600,000  at  Cedartown  and  vicinity.  It  owns  a  very  large 
tract  of  land,  and  is  also  proprietor  of  a  3-foot  narrow-gauge  railroad  running  35  miles  to  Cartersville,  said  to 
be  very  profitable  from  the  outside  business  obtained,  as  well  as  a  great  convenience  to  the  company,  since  at 
Cartersville  it  is  brought  into  connection  with  the  Western  and  Atlantic  railroad.  The  narrow-gauge  road 
passes  close  by  one  of  the  company's  ore-beds  and  extends  5  miles  to  another.  The  Cherokee  company  manufactures 
pig-iron  for  market,  and  also  makes  the  rolling-stock  for  its  railroad.  In  its  furnaces  it  had  produced,  previously 
to  the  spring  of  1881,  22  tons  of  pig-iron  per  day,  under  a  pressure  of  from  If  to  2  pounds  per  square  inch,  and  the 
capacity  was  then  increased  to  35  tons,  under  a  pressure  of  from  4  to  4J  pounds. 

A  fall  of  4  feet,  obtained  by  a  dam  across  Cedar  creek,  is  utilized  for  power  at  the  company's  shops.  The  dam  is 
substantially  built  of  limestone  laid  in  hydraulic  cement.  It  is  about  70  feet  long,  10  feet  high,  and  5  feet  thick  both 
at  base  and  top ;  it  was  constructed  in  1873  at  a  cost  of  $5,300.  Water  is  conveyed  from  above  the  dam  in.  a  canal 
600  or  600  feet  long,  and  supplies  two  water-wheels,  yielding  together  about  70  horse-power ;  this  is  used  in  a  3-run 
grist-mill,  blacksmith-shop,  wood-working  shop,  machine-shbp,  and  foundery,  wire  cables  being  employed  to 
transmit  a  part  of  the  power  from  one  shop  to  another.  The  volume  of  water  is  always  sufiBcient  to  furnish  the 
power  required  in  these  works,  but  in  dry  weather  there  is  no  surplus. 

Minor  tributaries  of  the  Coosa  river  {in  order  below  Borne). 


Name  of  stream. 


Cedar  creek 

Sprinj;  creek 

Chattooga  river 

Little  river 

Terrapin  creek 

Ball  Play  creek 

Big  Wills  creek 

Canoe  creek 

Tallasaee  Hatchee  creek  (Calboan  county) . . 

Cane  creek 

Broken  Arrow  creek 

Cheekeleeke  creek  at  Silver  mn 

Cheekeleeke  creek  below  Chehawhaw  creek 
Cheekeleeke  creek  at  mouth 


Drainage 
area. 


Sq.  wiiUi. 
225 
115 
375 
310 
270 

73 
413 
281 
217 
114 

85 
225 
421 
486 


Name  of  stream. 


Kelley's  creek ... 

Talladega  creek 

Tallasso*  Hatchee  creek  (Talladega  oonnty).. 

Yellow  Leaf  creek  (Shelby  cotmty) 

Hatchet  creek  at  EanoTer 

Hatchet  creek  below  Pinthlocco  creek 

Hatchet  creek  at  month 

Finthlocco  creek  (tributary  of  Hatchet  creek) 
Weognf  ka  creek  (tributary  of  Hatchet  creek) 

Waxahatchee  creek .'. 

Chestnut  creek 

Wewoka  creek 

Elmore  (i)  creek 


Drainage 
area. 


Sq. 


miles. 

200 

193 

168 

170 

19« 

381 

521 

84 

105 

238 

98 

92 

114 
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THE  ETOWAH  (a)  BIVER. 

liising  upon  the  southern  slope  of  the  Blue  ridge,  in  northern  Lumpkin  county,  Georgia,  this  river  pursues  a 
westerly  course  to  the  Coosa  at  Eome,  passing  in  the  mean  time  over  portions  of  the  counties  of  Lumpkin,  Dawson, 
Forsyth,  Cherokee,  Bartow,  and  Floyd.  The  section  drained  comprises  1,940  square  miles,  and  above  Cartersville 
it  is  but  thinly  settled ;  this  upper  portion,  however,  has  valuable  mineral  resources,  of  which  the  most  important  are 
iron,  manganese,  and  gold.  Baryta  and  kaolin  are  also  found,  as  well  as  traces  of  silver,  copper,  and  plumbago, 
but  there  is  no  coal.  The  valleys  are  well  stocked  with  timber,  and  below  Cartersville  the  main  valley,  which  above 
is  quite  narrow  except  where  at  intervals  a  patch  of  a  few  hundred  acres  of  bottom-land  is  found  in  a  bend  of  the 
river,  widens  out  and  contains  fine  stretches  of  extremely  productive  land,  which  is  largely  cultivated  in  grain  and 
cotton.  The  railroad  facilities  are  good  along  the  lower  river,  but  in  the  portion  farther  up,  which  is  best  suited  to 
use  for  power,  the  stream  is  directly  accessible  by  railroad  at  Canton  only,  to  which  point  there  extends  a  short  road 
from  Marietta,  to  the  southward.  There  is  no  navigation  on  the  river.  A  government  survey  was  made  in  the 
summer  of  1879  to  determine  upon  the  probable  expense  of  establishing  a  navigable  channel ;  but  it  was  found  that 
an  improvement  by  locks  and  dams — the  only  practicable  method— would  cost  $2,277,000  for  the  63  miles  from  Eome 
to  the  mouth  of  Little  river,  and  an  adverse  report  was  therefore  made,  it  being  considered  tliat  a  heavy  outlay  of 
money  was  not  at  all  warranted  by  the  business  likely  to  be  furnished,  {b)  Above  the  mouth  the  largest  towns  are 
Kingston  and  Cartersville,  in  Bartow  county,  having  respectively  about  500  and  2,000  inhabitants,  and  Canton,  in 
Cherokee  county,  with  a  population  of  400. 

In  its  lower  course  the  fall  of  the  river  averages  about  3.7  feet  per  mile,  amounting  to  232  feet  in  the  63  miles 
below  Little  river.  This  descent  is  not  uniform,  however,  being  distributed  among  reefs  and  rapids,  with  short 
intervening  pools.  From  Cartersville  up,  the  Etowah  is  quite  closely  hemmed  in  by  mountains,  which  rise 
rapidly  from  its  banks,  and  which,  being  thickly  covered  with  pines,  except  where  an  occasional  precipitous  crag 
shows  itself,  bare  of  vegetation,  give  rise  to  very  picturesque  scenery.  The  water  of  the  stream  was  once 
remarkably  clear,  but  cultivation  of  the  soil  and  washing  the  hill-sides  for  gold  have  given  it  a  generally  turbid 
appearance.  The  oscillations  are  very  rapid  and  heavy  after  rains,  owing  to  the  steep  drainage  slopes,  and  the  full 
height  of  a  freshet  is  often  reached  in  a  few  hours.  As  reported  in  the  government  siarvey,  the  highest  rises  have 
ranged  from  12  feet  in  the  upper  course  to  28  feet  at  Eome.  The  lower  bottom-lands  toward  the  mouth  are  liable 
to  overflow,  but  in  the  upper  and  more  rapid  portion  of  its  course  the  river  seldom  rises  at  all  above  its  immediate 
banks. 

In  a  list  of  gaugings  of  various  of  the  Georgia  streams, (c)  the  discharge  of  the  Etowah  at  the  mouth  of 
AUatoona  creek,  in  Bartow  county,  is  given  as  1,308  cubic  feet  per  second  in  minimum  low  water,  corresponding  to 
1.08  cubic  foot  per  second  for  each  of  the  1,213  square  miles  of  drainage  area  above  that  point.  This  discharge  certainly 
appears  too  large  for  the  stage  mentioned,  being  more  than  half  as  great  as  the  volume  assumed,  on  good 
authority,  for  average  low  water  at  the  mouth  of  the  Coosa,  although  the  drainage  area  there  is  nearly  nine  times 
as  great  as  at  the  locality  mentioned  on  the  Etowah  river.  Lieutenant  Marshall,  Corps  of  Engineers,  TJ.  S.  army, 
in  his  report  upon  the  survey  of  the  river  states  that  "  at  low  water  its  discharge  is  slight" 

In  Lumpkin  county  the  Dahlonega  Gold  Mining  Company  has  constructed  a  ditch  3  feet  deep,  3J  feet  wide  at 
the  bottom,  and  30  miles  in  length,  to  serve  the  purposes  of  hydraulic  mining.  Water  is  taken  from  several  small 
creeks  tributary  to  the  upper  Etowah,  and  will  supply  5  mines  with  25  miner's  inches  {d)  each. 

The  fall  of  the  river  is  rapid  in  its  upper  course,  and  those  familiar  with  the  valley  consider  that  it  there  presents 
numerous  good  sites  for  power,  favorable  for  development  and  accessible.  Between  the  point  where  the  public 
road  from  Dahlonega  to  Dawsonville  crosses,  and  Simmons'  mill-pond,  a  distance  of  some  12  miles  by  road,  there 
is  stated  to  be  a  fall  of  210  feet.  Of  this  amount  only  28  feet  is  utilized,  part  by  a  saw-mill,  grist-mill,  and  tannery 
combined,  and  part  by  a  10-stamp  mill  of  the  Dahlonega  mine ;  there  are  several  other  points,  however,  which  are 
available  for  use.  The  Franklin  mine,  in  Cherokee  county,  takes  power  from  the  Etowah  for  a  20-stamp  mill,  using, 
it  is  said,  a  fall  of  about  15  feet.  A  narrow-gauge  line  to  run  ffom  Gainesville,  on  the  Atlanta  and  Charlotte  Air 
Line  railroad,  to  Dahlonega  had  been  surveyed  and  partly  graded  in  the  spring  of  1881,  and  if  completed  will  be 
of  great  advantage  to  the  extreme  upper  part  of  the  river.  Eftbrts  were  about  to  be  made  also  for  the  establishment 
of  a  cotton  factory  in  this  section,  it  being  claimed  that  the  cheapness  of  water-power,  land,  fuel,  and  rents  would 
permit  of  more  profitable  manufacture,  even  with  the  expense  of  shipping  by  team  to  and  from  Gainesville,  than  at 
Atlanta.  Such  an  enterprise  would  be  of  much  value  in  giving  employment  to  the  families  of  the  men  engaged  at 
the  mines.  Farther  down  stream,  at  High  Tower,  in  Forsyth  county,  two  mills,  one  of  10  and  one  of  20  8tami)s,  were 
reported  to  have  been  projected;  but,  except  at  the  points  mentioned  and  at  an  occasional  site  elsewhere  occupied 
by  a  small  saw  mill  or  grist-mill,  no  actual  use  was  found  to  be  made  of  the  power  of  the  river. 

a  Indian  pronunciation,  E-to-wiili',  meaning  in  Cherokee  "beautiful  -water". 
J   See  Seport  of  Chief  of  Engineers,  1880. 

c  See  The  State  of  Georgia,  by  Francis  Fontaine.  . 

(t  A  miner's  inch  is  said  to  be  taken  as  the  discharge  through  a  1-inch  aperture  under  a  head  of  6  inches,  or  about  17,000  gallons  per 
24  hours.  g,„ 
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The  descent  of  the  Etowah  for  a  considerable  distance  below  Little  river,  as  determined  by  government  survey, 
is  shown  in  the  following  table : 

Table  showing  the  fall  in  the  Etowah  river  for  41.4  miles  below  the  mouth  of  Little  river. 


Locality. 


Distance 

below 

Little  river. 


Mouth  of  Little  river 

Boundary  between  Cherokee  and  Bartow  counties 

Head  of  Maddos  island 

Foot  of  Pugh's  island 

6,500  feet  below  Pugh's  island 

Stamp  creek 

6,700  feet  below  Stamp  creek 

]  1,70.0  feet  below  Stamp  creek 

Western  and  Atlantic  Hailroad  bridge 

Reynolds'  ford 


Miles. 
0.000 

9.091 

10.  227 

12.  027 

13.  258 
13.  882 
15. 152 

16.  098 

17.  879 
41.420* 


Distance 
between 
points. 


MUes. 

9.091 
1.136 
1.800 
1.231 
0.624 
1.270 
0.946 
1.781 
23.  541 


Fall 
between 
points. 


Feet. 

19.0 
2.5 

18.5 
22.0 
10.5 
27.5 
11.0 
1.5 
a  67. 5 


FaUper 

mile 
between 
points. 


Fea. 

2.09 

2.20 

10.28 

17.87 

16.83 

21.65 

11.63 

0.84 

2.87 


a  Fall  quite  uniformly  distributed . 

It  will  be  noticed  that  from  the  boundary  between  Cherokee  and  Bartow  counties  down  to  the  Western  and 
Atlantic  Eailroad  crossing  there  is  a  heavy  fall,  amounting  to  92  feet  in  7  miles  of  the  distance.  This  portion  of 
the  stream,  lying  but  a  few  miles  to  the  east  of  Cartersville,  offers  perhaps  the  most  valuable  power  to  be  found 
anywhere  on  the  course,  and  before  the  war  was  largely  utilized  by  extensive  manufacturing  works,  which  stretched 
for  half  a  mile  along  the  river,  and  which  represented  an  investment  of  $500,000  or  more.  There  were  three  blast- 
furnaces, a  rolling-mill,  a  foundery,  a  nail  factory,  and  a  flouring-mill  with  a  capacity  of  300  barrels  per  day.  The 
flouring-mill  and  rolling-mill  are  said  to  have  been  the  first  of  any  importance  established  south  of  Eichmoud. 
Previously  New  York  flour,  known  here  as  "Canal  flour",  had  monopolized  the  southern  markets,  and  in  this 
section  commanded  $20  per  barrel ;  but  with  this  the  new  product  competed,  with  the  greatest  success,  in  all  the 
southern  markets,  and  finally  in  New  York  city.  Immediately  preceding  the  war,  arrangements  had  been  completed 
between  Major  M.  E.  Cooper,  owner  of  the  property  on  the  Etowah,  and  still  residing  near  by,  and  Colonel  Samuel 
Colt,  of  Hartford,  Connecticut,  to  engage  jointly  in  the  manufacture  of  fire-arms  at  the  locality  here  described, 
but  the  breaking  out  of  hostilities  prevented  the  removal  of  any  part  of  Colonel  Colt's  works,  although  it  is  stated 
that  the  necessary  papers  had  beeri  signed,  and  that  a  month  more  of  time  would  have  seen  the  undertaking 
carried  but.  In  1864,  during  Sherman's  campaign,  the  buildings  here  were  all  burned,  and  only  the  ruins  of  what 
were  very  substantial  structures  now  remain. 

The  property  embraces  15,000  (?)  acres  of  land,  extending  more  than  5  miles  along  the  Etowah  river,  on  both  sides, 
and  probably  covering  a  fall  of  at  least  80  feet  on  that  stream,  though  the  exact  amount  could  not  be  ascertained. 
It  also  includes  Allatoona  and  Stamp  creeks,  tributaries  of  the  Etowah,  each  with  large  fall  and  abundant  power. 
Eunning  from  the  old  works  down  the  river-bank  to  the  line  of  the  Western  and  Atlantic  railroad  was  a  branch 
track,  the  graded  line  of  which  still  remains  in  good  condition,  and  which,  though  now  without  ties  or  rails,  might 
easily  be  put  in  condition  for  traffic.  The  property  is  owned  by  an  incorporated  company,  the  Etowah  Manufacturing 
&  Mining  Company,  with  offices  in  Savannah,  and  is  offered  for  sale,  in  one  piece  only,  at  a  nominal  price  of  $100,000. 

Estimate  of  power  at  the  ^towah  Mining  &  Manufacturing  Company's  privilege. 


stage  of  river. 

EAIHFALL  ON  BABIN. 

Drainage 
area. 

Flow 

per  second, 

average 

for  the  24 

hours. 

Spring. 

Summer. 

Autumn. 

Winter. 

Tear. 

Low  water,  dry  year 

Inches. 
15 

Inches. 
13 

Inches. 
10 

Inches. 

15i 

Inches. 
63i 

Sq.  miles. 
1,060   " 

Cubic  feet. 
j-          370 
\          560 
[          750 

I  foot  fall. 
42.0 
63.6 
85.2 

lOfeetfaU. 
420 
636 
852 

20  feet  faU. 
840 
1,272 
1,704 

SO  feet  faU. 
3,360 
5,088 

Available  10  months,  average  year 

6,816 

The  large  fall  in  this  section  of  the  river  occurs  where  the  latter  has  cut  its  way  through  a  spur  of  the  Blue  ridge. 
The  stream  flows  with  rapid  current  and  almost  constant  ripples,  now  and  then  pitching  aibruptly  over  a  low  ledge. 
The  bed  is  generally  rook  and  contains  numerous  large  bowlders,  and  here  and  there  a  small  island  appears.  The 
average  width  between  banks  is  probably  200  or  300  feet,  although  in  places  it  increases  to  500  or  600  feet.  As  the 
power  was  formerly  developed  there  were  two  dams  across  the  river,  built  of  logs,  each  structure  10  feet  high ;  they 
were  about  half  a  mile  apart,  the  upper  dam  at  the  rolling-mill  and  the  lower  at  the  flouring-mill.  The  entire  80 
feet  or  more  of  fall  could  perhaps  best  be  improved  in  several  successive  privileges  of  say  20  feet  each.  The 
abundance  of  timber  and  stone  should  render  the  expense  for  dams  reasonable,  and  perfectly  secure  foundations 
854 
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could  be  obtained  without  difficulty.  The  ground  I'ises  rather  abruptly  on  the  .south  side  of  the  river;  the  old 
works  were  on  the  north  side,  where  the  immediate  bank  is  succeeded  by  a  level  stretch,  elevated  from  8  to  20 
feet  above  the  water  and  extending  back  from  75  to  150  feet  before  reaching  the  abrupt  ascent  of  the  mountain. 
The  power  to  be  obtained  here  is  large,  and  the  site  well  deserves  attention. 

1^0  power  was  learned  of  as  in  use  below  Oartersville.  There  had  been  a  dam  and  a  small  grist-mill  a  short 
distance  down  from  the  Western  and  Atlantic  Eailroad  crossing,  but  they  were  in  the  main  carried  away  during 
the  exceptionally  high  freshet  in  the  spring  of  1881.  For  the  remainder  of  the  distance  to  its  mouth  the  river  has  a 
quite  uniform  and  moderate  slope,  with  an  average  width  of  perhaps  250  feet.  The  bed  is  rocky,  and  the  banks 
are  of  tolerably  good  height.  This  part  of  the  stream  is  more  under  the  influence  of  backwater  than  that  above, 
but  could  probably  be  utilized  for  falls  of  from  5  to  8  feet. 

The  tributaries  of  the  Etowah  are  small,  no  one  draining  more  than  240  square  miles.  A  list  of  the  principal 
ones  is  given  below.  The  districts  through  which  they  run  abound  in  large  springs  and  brooks  of  fine  "  freestone 
water",  and  are  well  adapted  to  the  cultivation  of  cotton,  corn,  wheat,  oats,  barley,  fruits,  and  vegetables.  Although 
the  streams  are  not  large,  many  of  them  have  sufficient  volume  and  fall  to  support  manufacturing  works  of  some 
importance,  at  least  during  the  greater  part  of  the  year.  Stamp  creek  has  one  or  two  small  furnaces,  and  there 
is  a  small  cotton  factory  on  Shoal  creek. 

Drainage  areas  of  the  Etowah  river  and  principal  tributaries. 


Name  of  stream.                                    "areT^^ 

Kame  of  stream. 

Drainage 

area. 

Sq.  miles. 

Sq.  miles. 

77 

66 
239 
100 

56 
131 

60 
205 

47 

Etowah  river  at  High  Tower  Forsyth  county    

356 

677 

769 

1,060 

1,213 

1,226 

1,940 

116 

Etowah  river  near  Cartersville  (railroad  crossing) 

Etowah  river  at  mouth 

THE   OOSTENAULA  RIVER   AND   TRIBUTARIES. 

The  Oostenaula  river,  which  unites  with  the  Etowah  at  Rome  to  form  the  Coosa,  is  in  turn  made  up,  near  Eesaca, 
in  Gordon  county,  Georgia,  by  the  junction  of  the  Goosawattee  and  the  Conasauga.  It  flows  thence  in  a  crooked 
southwesterly  course,  having  a  length  of  about  60  miles.  It  is  navigable,  but  is  very  little  navigated.  The  area 
drained  above  its  head  is  1,606,  and  above  the  junction  at  Rome  2,190  square  miles. 

The  Goosawattee  river  heads  in  Gilmer  county,  Georgia,  running  southwesterly  to  Eesaca.  For  45  miles  above 
its  mouth,  to  Carter's  Landing,  the  river  is  navigable  during  six  months  in  the  year,  and  some  work  has  been  done 
by  government  engineers  in  improving  the  channel,  but  the  actual  amount  of  traffic  carried  on  is  slight.  In  this 
45  miles  the  fall  is  moderate  and  the  stream  winds  about  among  exceedingly  rich  bottom-lands,  on  which  corn, 
wheat,  and  cotton  are  raised.  Just  above  Carter's  Landing  the  meadows  cease  and  the  river  issues  from  a  narrow 
valley  in  the  mountains.  Here  is  met  the  first  dam,  a  log  structure  400  feet,  more  or  less,  in  length  and  8  feet 
high.  A  fall  of  9  feet  is  obtained  and  power  used  for  a  2-ruu  grist-mill,  a  saw-mill,  a  tannery,  and  a  cotton-gin. 
There  is  a  large  surplus  power  here,  even  with  the  present  head,  and,  except  that  the  railroad  facilities  are  poor 
(the  nearest  railroad  station  is  Calhoun,  on  the  Western  and  Atlantic  railroad,  18  miles  distant  by  wagon-road),  the 
site  is  well  suited  to  more  extensive  improvement.  On  one  side  the  mountain  rises  several  hundred  feet  almost 
vertically  from  the  water,  while  on  the  other  side,  on  which  the  mills  are  located,  there  is  a  gradual  ascent  at  first, 
favorable  to  carrying  a  canal, 'if  desired.  The  hills  recede  immediately  below  and  leave  abundant  room  for  mills 
of  any  size  and  a  village. 

Estimate  of  power  near  Garter's  Landing. 


Stage  of  river. 

BAIKFALL  ON  BASIN. 

Drainage 
area. 

Flow 

per  second, 

average 

for  tlie  24 

lioura. 

Theoretical  horse- 

Spring. 

Summer. 

AutQmn. 

Winter. 

Tear. 

power. 

Inches. 
15 

Inches. 
13 

Inches. 
,  ID 

Inches. 
15J 

Inches. 
53J 

Sq.  miles. 
f 
650  <j 

Cubic  feet. 
190 
290 
390 

I  foot  fall. 
21.6 
32.9 
44.3 

9feetfall. 
190 
300 
400 

Available  10  months,  average  year. . . 

Mr.  Samuel  Carter,  of  Dalton,  is  the  proprietor  of  the  privilege  described,  and  also  owns  for  some  2  miles  along 
the  river  in  this  vicinity.  The  dam  sets  the  water  back  for  half  a  mile,  beycnd  which  the  stream  becomes  rapid,  with 
hardly  a  stretch  of  smooth  water  more  than  a  few  hundred  feet  in  length.    A  railroad  survey  has  been  extended 
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some  little  way  above,  and  the  fall  thus  ascertained  is  said  to  range  from  10  feet  in  900  feet  to  10  feet  in  half  or  three- 
quarters  of  a  mile.  For  some  distance  above  Carter's  Landing  the  width  between  banks  is  stated  to  be  from  200  to 
300  feet,  and  the  fall  to  be  sufdcient  to  furnish,  within  2  miles,  several  privileges  of  about  10  feet  each.  At  the  end 
of  2  miles  there  are  two  abrupt  falls,  one  of  18  and  the  other  of  20  feet;  but  the  river  is  described  as  being  there  so 
closely  wedged  between  high  and  almost  vertical  cliffs  that  it  would  be  very  difficult  to  improve.  Above  this  point 
the  river  winds  its  way  among  the  mountains,  which  rise  steep,  wooded,  and  high  directly  from  its  banks.  The  bed 
is  mostly  freestone,  the  fall  rapid  and  constant,  but  there  are  no  mills,  certainly  up  to  the  junction  of  the  Bllijayand 
Cartecay  which  are  the  principal  branches  of  the  Coosa wattee.  The  wagon-road  which  leads  to  Carter's  mill  also 
extends  up  to  the  falls,  and  there  stops,  the  rocky  obstructions  being  impassable ;  and  for  any  mills  using  power 
for  some  distance  above,  a  new  road  would  have  to  be  constructed  up  over  the  bordering  mountains,  although  that 
is  not  impracticable. 

This  stream  holds  its  own  very  well  in  the  dry  season,  but  rises  and  falls  rapidly  after  heavy  storms,  especially 
in  late  winter,  when  the  ground  has  become  thoroughly  soaked ;  the  height  of  a  freshet  is  usually  reached  within  12 
hours  from  the  beginning  of  the  rise,  and  the  fall  is  nearly  as  rapid.  At  Carter's  Landing  the  water  has  in  an 
extreme  case  reached  a  height  of  15  or  20  feet  above  a  low  stage,  but  this  was  largely  backwater  from  below,  and 
farther  up  stream  the  rise  was  much  less.     The  Coosawattee  drains  929  square  miles. 

The  Conasauga  river  has  its  source  in  Fannin  county,  Georgia,  a  little  below  the  Tennessee  boundary ;  it  takes 
a  short  turn  into  the  latter  state  and  then  flows  southerly  into  Georgia  again,  forming  the  division  between  Murray 
and  Whitfield  counties,  and  in  Gordon  county  uniting  with  the  Coosawattee.  It  drains  677  square  miles,  but 
appears  to  have  little  importance  for  power.  It  is  in  general  a  flat  stream,  with  rather  sluggish  flow,  running  wide 
and  shallow,  and  in  summer  almost  dry,  at  any  rate  scarcely  more  than  20  feet  wide  in  places.  Toward  the 
extreme  head-waters  it  has  more  fall,  and  may  be  of  slight  value.  It  is  used  by  only  a  few  scattering  saw-  and 
grist-mills.  Being  rather  a  long  stream  with~  slight  fall,  it  runs  out  much  more  slowly  than  the  Coosawattee,  so 
that  after  the  latter  has  discharged  its  surplus  water  it  is  liable  to  be  kept  up  for  some  time  by  backwater  from 
the  Conasauga. 

Drainage  areas  of  the  Oostenaula  river  and  tributaries. 


I^ame  of  streaio. 

Drainage 

area. 

N'ame  of  stream. 

Drainage 
area. 

Sq.  miles. 
485 
677 
174 
88 
233 

550 
929 

MountainSTown  creek  (tributary  to  Coosawattee) 

Talking  Book  creek  (tributary  to  Coosawattee) 

Free  Bridge  (?)  creek  (tributary  to  Coosawattee) 

Sq.  miles. 

79 

165 

262 

1,606 

2,190 

76 

233 

Coosawattee  rirer  at  EUijay  (below  jtmotion) 

Coosawattee  rlTor  at  Carter's  Landing  (below  Talking 

Oo6t«aaula  river  at  Home  (above  junction) 

AdairsviUe  (!)  oreek  (tributary  to  Oostenaula) 

Armucba  creek  (tributary  to  Oostenaula) 

Table  of  utilized  potoer  on  tributaries  of  the  Alabama  river. 


stream. 

Tributary  to  what. 

State. 

County. 

Kind  of  mill  or  manu- 
facture. 

s 

'a 
o 

'A 

s 

■2 

■a 

"o 

Total  water-power 
utilized. 

a 

S  Pi 

Eemarks. 

Mobile  river 

Feet. 

S.P. 

El.  P. 

River  navigable. 

Sundry  small  trib- 
utaries. 

Do 

...do    

Autauga 

....do 

1 

1 
1 
1 
0 
19 
6 

5 
1 
1 
1 
3 
6 
5 
1 
1 
11 

■     174 

34+ 

173+ 

67 

37 
12 

7 

8 
32 

10+ 

20 

15 

31+ 

250 

46 

174 

53 

120 

160 

6 

8 

26 
36 
62 
10 
40 
78 

do   

...  do  

Cotton-gins  manufactured. 

ITlouring  and  grist 

Sashes,  doors,  and  blinds.. 

Piattville. 

Do 

do           

...  do    

....do 

Do 

do 

do    

....do 

Do      

...  do  

....do  

...do  

Do 

...do  

...  do  

...do  

Mohring  and  grist 

Flouring  and  grist,   and 
cotton  giua. 

Saw  

Do 

.      do    

...do    

..  do 

Do 

do        

.  do 

..  do 

Do 

do    . 

-do 

...do 

Do  

...  do  

...do 

Butler 

Chilton 

Flouring  and  grist 

...do  

Do         

do   

....do  

Do 

do 

.  do    

Clarke 

....do  

Do 

do 

do    . 

Elmore 

...do  

Do. 

do    

...  do  

....do  

Saw 

Do 

...  do  

...do 

Lowndes 

Flouring  and  gribt 

...do  

Do 

do 

do  . 

Do 

.--.do  

.--.do  

Monroe 

....do  

8.56 
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Table  of  utilised  power  on  tributaries  of  the  Alabama  river — Continued. 


Strtam. 


Sundry  small  trib- 
ntaries. 

Do 

Cahaba  riTer  and 
tributariea. 

Do 

Do , 


Do 

Do 

Tallapoosa  rlT« . 

Do 

Do 

Do 

Do 


Do. 


Do 

Do 

Do 

Do , 

Do 

Tributaries 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Coosa  river 

Sundry  small  trib- 
ntaries. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do.. 
Do. 
Do.. 
Do.. 
Do. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Tributary  to  what. 


Alabama  riTer . 


.do. 
.do. 

.do. 
.do. 

.do. 

do. 
.d*. 

do. 
.do. 
.do. 
.do. 

.do. 


...  do 

.-..do 

.--.do 

..-do 

...do 

Tallapoosa  rlTcr . 

...do 

--.do 

.-.do 

...do 

...do 

...do 

--.do 

.-.do 

...do 

...do 

--.do 

...do 

...do 

...do 

--.do 

--.do 

--.do  

...do  

--do 

-..do 

Alabama  rirer . . . 
Coosa  river 


-.do. 
..do  . 
..do- 
..do  . 
..do- 
-.do  - 
..do  . 
..do  . 
..do. 
..do- 
..do  - 
..de- 
..do- 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do- 

do- 
.do. 

do. 


State. 


Alabama  . 


.do. 
.do. 

do. 
do  . 

.do. 
.do. 
.do- 
.do  . 
do. 
.do. 
■  do. 

.do  . 


...do.... 
...do  .... 
Georgia., 
--.do.... 
...do  .... 
...do  --.. 
...do  -.-. 
...do.-.. 
...do  .... 
...do.... 
...do  .... 
...do.-.. 
Alabama - 
..do  .-. 
--.do-... 
...do  .... 
...do  .... 
...do  .... 
--.do..-- 
...do... 
...do.... 
...do  -.-- 
...do  ..-- 
-..do  -.-- 
--  do..-- 
...do  ..-- 

--.do 

.-do  ..... 


..do. 
..do  . 
..do  . 
..do. 
..do. 
..do  . 
..do  . 
..do  . 
..do- 
..do. 
..do  . 
..do. 

.do  . 
..do. 
..do. 
..do  - 
.  do  . 

.do- 

.do  . 

.do  . 

.do. 

.do. 

.do. 


County. 


Monroe . 

WUcox  . 
Perry . .  - 


Bibb... 

Shelby. 


...do  .... 
Jefferson. 
Elmore  .. 
...do  .... 
...do  .... 
...do  -... 
...do.... 


do. 


...do  

Tallapoosa . 
fTaralson  .  - 

...do 

Paulding  . . 
Haralson  .. 

...do 

Carroll 

....do 

--.do 

--.do 

--.do , 

ilaoon  

Bullock 

Elmore 

--.do 

Tallapoosa. . 

Lee _. 

-.  do 

Chambers  .. 

Clay 

--.do  

Cleburne  . . 
Eandolph . . . 

.--.do 

-..do 

Saint  Clair., 
Elmore 


.--.do 

Coosa 

.--.do  

Shelby 

...do  

--.do 

Talladega.. 

..-.do 

--.do 

Clay 

...do 

Saint  Clair. 

.-.do 

Calhoun  ... 

--.do 

..  do 

Cleburne  .. 

...do 

Etowah 

DeKalb.-- 

--.do 

Cherokee . . 
...do  


Kind  of  mill  or  manu- 
facture. 


Saw  . 


Flonrine  and  {rist. 
...do 


.do. 
do  . 


Saw 

Elouring  and  grist . . 

Cotton 

Cotton-gin 

Carpenter-shop 

Elourins  and  grist . . 

Foundery  and  blacksmith 
shop. 

Pump  for  village  water, 
supply. 

Saw 

Flouring  and  grist. . 

...do 

Saw  

Flouring  and  grist  . 

...do 

Saw  

Cotton-gin 

Flouring  and  grist .  - 

Saw 

Tannery 

Woolen 

Flouring  and  grist . . 

.--.do  

...do 

Cotton-gin 

Flouring  and  grist . . 

--.do  

Furniture  worts 

Flouring  and  grist .. 

...do  

Saw 

Flouring  and  grist . . 

...do 

Saw 

"Wheel  wrigbting 

Flouring  and  grist., 
-.do 


Cotton-gins 

Flouring  and  grist. . 

Saw 

Flouring  and  grist.. 

Saw 

Tannery 

Flouring  and  grist.. 

Saw 

Blacksmith.shop 

Flouring  and  grist. 

Saw 

--  do 

Flouring  and  grist-. 

.-.do  

Saw 

Tanneries 

Flouring  and  grist.. 

Saw 

Flouring  and  grist. . 

...do 

Saw 

--.do 

Tannery 


in 

g 
a 

o 

"3 

p 

i 

1 
si 

P' 

1 

"si 

la 

Feet. 

H.P. 

H.F. 

3 

27 

35 

4 

15+ 

65 

7 

61 

48 

4 

37i 

59 

7 

62 

144 

1 

10 

8 

3 

30 

39 

1 

1 

1 

1 

1 

24-32 

900  ± 

1 

1 

. 

1 

9 

10 

3 

16 

67 

1 

7 

12 



1 

10 

10 

7 

71i 

92 

1 

6 

5 

1 

6 

10 

142-1- 

151 

3 

S2 

36 



1 

24 

6 

2 

20 

9 

3 

36-t- 

33 

1 

27 

8 

5 

72 

112 

1 

30 

8 

144 

118 

25 

3 

67J 

74 

1 

8 

6 

8 

103 

98 

14 

128-1- 

168 

3 

32 

38 

9 

74 

91 

13 

171 

291 

3 

42 

65 

1 

7 

15 

1 

3i 

15 

4 

32+ 

104 

2 

18 

15 

253 

282 

3 

61 

51 

9 

101 

185 

35 

2 

30 

41 

1 

11 

39 

10 

56J 

264 

4 

23 

57 

1 

6 

6 

7 

65 

89 

2 

17 

33 

4 

41 

115 

4 

46 

68 

12 

116i 

261 

2 

18 

25 

2 

11 

18 

4 

36 

67 

1 

8 

5 

8 

92i  + 

180 

5 

45i 

44 

1 

H 

8 

2 

14 

28 

1 

8 

5 

Bemarks. 


Three  of  these  are  on  the  Ca- 
haba and  East  branch. 

East  Cahaba. 

Head-waters  of  main  river. 


Tallassee  falls ;  overl.lOOrated 
horse-power  of  wheels  in 
place. 
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Talle  of  utilized  power  on  tributaries  of  the  Alabama  river — Continued. 


stream. 


Xritatary  to  what. 


State. 


County. 


Kind  of  mill  or  manu- 
facture. 


o 


1^ 
4 


Bemarks. 


Sundry  small  trib- 
ntaries. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Etowah  river 

Do 

Do 

Do 

Do 

Do 

Do 

Tributaries 

Do 

Do 

Do 

Do "... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Oostenaula  river. .. 

Coosawattee  river 
and  tributaries. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 


Cona^auga     river 
and  tnbntaries. 


Do 

Do 

Do 

Do 

Other  tributaries  . 

Do 

Do 

Do 

Do 

Do 

Do 


Chattooga      river 
and  tributaries. 


Do- 
Do. 
Do. 
Do. 
Do. 
Do. 


Coosa  liver . 


...do 

....do 

....do 

....do  

.--.do 

.--.do 

..--do  

.--.do  

.-..do  

....do 

....do 

...-do 

...do 

....do 

...do 

...do 

Etowah  river 

do 

...do 

....do 

....do  

:...do 

...do 

....do 

....do 

....do 

...do  

....do 

...do  

...do 

...do  

...do  

...do 

.-.do  

Coosa  river 

Oostenaula  river. 


...do. 
.--do  - 
...do  . 
...do. 
...do. 
...do. 
...do  . 
...do. 
...do  . 
...do. 


...do 

....do  

...do 

...do 

...do  

.--.do 

...do  

...do  

-.  do 

..do 

...do  

Coosa  river . 


.do. 
.do. 
.do. 
do. 
.do  . 
.do  . 


Alabama  . 

G-eorgia... 
...do.,... 
...do.^- 

...do 

.-..do 

...do 

...do 

...do 

--.do  

...do 

...do 

...do 

...do  

...do  

...do  

...do  

...do 

...do  

...do 

...do 

...do  

...do  

...do 

..  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  , 

...do 

...do- 


..do  . 
..do. 
..do. 
..do  . 
..do. 
.  do. 
..do. 
..do. 
..do. 
..do. 

..do. 
.do. 
.do. 
..do. 

do  . 
.do. 
.do. 
.do. 
.do  . 
.do. 
.do. 

do  . 


...do  .... 
...do...- 

--  do 

--.do  .... 
Alabama. 
...do  


Cherokee . 


Flouring  and  grist. 


Hoyd 

..-.do  

....do 

...  do 

Polk 

....do 

....do 

.--.do 

....do  

Dawson... 

....do  

...do  

....do  

....do 

...do 

..--do 

Polk 

Floyd 

Bartow  - . . 

Paulding  . 

...do  

....do  

Cobb..'... 

Cherokee  . 
....do 

...do 

Pickens  . . 
....do 

...do 

Milton 

...do  

...do  

Dawson.. - 

...do 


Bartow  . 


Grilmer... 
Gordon  . . 
...do  .... 
...do... 
...do  .... 
Pickens  . 
...do.... 
...do  .... 
.  do.... 
Murray.. 


....do 

Saw 

"Woolen 

Cotton-gins 

Blacksmith-shop 

Flouring  and  grist 

Machineshopandfonndery 
"Wood-working  shop  . . . 

Flouring  and  grist 

Cai^penter-shop 

Flouring  and  grist 


Tannery 

Stamp-mill 

Floaring  and  grist. 

Saw 

Flouring  and  grist. 

...do 

...do 

....do 

Saw 

"Woolen , 

Flouring  and  grist. 

...do  

Cotton 

Saw 

...do 

Furniture 

Flouring  and  grist.. 

...do 

Wheelwrighting 

Saw 

Flouring  and  grist. . 
"Woolen 


Flouring  and  grist. . 


..  do 

"Whitfield 

...do  

...do  

Bartow 

...do 

Chattooga 

...do 

...do  

Floyd 

Gordon 

Chattooga 


...do 

Flouring  and  grist. 

Cotton-gin 

Saw 

Tannery 

Cotton 

Flouring  and  grist. . 

Saw 

"Woolen 

Flouring  and  grist . 

Saw 

...do 

Flouring  and  grist. 

Boots  and  shoes 

Flouring  and  grist . 

"Woolen 

Cotton-gin 

Flouring  and  grist. 

Saw 

Flouring  and  grist  . 

...do 

Cotton  


...do 

...do 

...do  

...do  

Cherokee . 
...do  


Cotton-gins 

Flouring  and  grist - 

Saw 

"Woolen 

Flouring  and  grist. 
Iron- works 


Feet. 
149 

183 
37 
15i 
23 


125 


B.F. 

196 

204 
43 
17 
20 

70 


58 


S.P. 


42 
30 
16 

156 

107 
24 
12 
26 

195 
25i 
78 
54 
15 

179 
28 
12 


56 


61 
44 


18 

141 

12 

18 


20 
leii 
7 
66 
17 
10 
74 
43 
24 
43 
16 

24+ 
9S 
63 
13i 
21i 
8 


50 
27 
40 
47 

318 
79 
34 
4 
26 

187 
66 
64 
50 
20 

129 
16 
6 
74 
40 


74 

48 
160 


432 

116 

10 

20 

105 

30 
22 
151 


13 

7 

112 

50 
141 

24 
300 

40+ 
145 
102 
8 

60 


Cedartown. 


Biver  naTlgable. 
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THE  APPALAOHICOLA  RIVER  AND  TRIBUTARIES. 


Being  a  navigable  river,  the  Appalachicola  is  not  itself  to  be  considered  with  reference  to  water-power.  It  is 
formed  on  the  northern  boundary  between  western  Florida  and  Georgia  by  the  union  of  the  Chattahoochee  and 
Flint  rivers.  From  their  junction  it  runs  in  a  southerly  direction  to  the  Gulf,  having  a  length,  by  straight  course, 
of  about  70  miles. 

Drainage  areas. 

Square  miles. 

Claattahoocliee  river 9. 100 

Flint  river * 8,420 

Appalachicola  river  below  junction - 17,520 

Appalaoliicola  river  at  mouth 19, 580 

THE  CHATTAHOOCHEE  EIVEE. 

The  sources  of  this  river  are  in  Habersham  and  White  counties,  in  northern  Georgia,  whence  it  takes  a  very 
direct  southwesterly  course  across  the  state ;  in  Heard  and  Troup  counties  it  turns  southerly,  and  continues  in  that 
direction  until  at  the  extreme  southwest  corner  of  the  state  it  unites  with  the  Flint  river.  From  West  Point  down 
it  forms  the  boundary  between  Georgia  on  the  one  side,  and  Alabama  and  a  portion  of  Florida  on  the  other. 
From  the  junction  of  the  Soqnee  and  Sautee  rivers  to  its  mouth  the  Chattahoochee  has  a  length  by  general  course 
of  about  315  miles,  but  the  actual  distance  by  water  is  probably  twice  as  great.  Eising  and  flowing  as  far  as 
Columbus  upon  the  metamorphic  rocks,  the  stream  is  frequently  obstructed  by  shoals,  rapids,  and  low  falls,  creating 
valuable  opportunities  for  the  development  of  water-power.  At  Columbus  the  falls  come  to  an  end,  and  below  that 
point  the  river  is  navigable  throughout  the  year  to  the  Gulf,  an  estimated  distance  by  water  of  about  400  miles, 
for  steamers  of  2i  or  3  feet  draught,  carrying  as  high  as  750  bales  of  cotton.  Immediately  at  the  head  of  navigation 
a  fall  of  25  feet  is  in  use  by  large  cotton-mills,  and  within  4^  miles  there  is  a  total  descent  of  about  120  feet,  mainly 
unimproved.  It  is  fortunate  for  manufacturing-purposes  that  the  fall  of  the  river  is  heaviest  well  down  in  its 
course,  where  the  volume  is  large  and  navigable  waters  are  near  at  hand.  Within  34  miles  above  Columbus, 
measuring  from  the  head  of  navigation,  there  is  a  fail  of  362  feet,  or  as  much  as  occurs  in  the  entire  170  miles- 
succeeding,  reaching  nearly  to  the  head- waters. 

Table  showing  the  fall  in  the  Chattahoochee  river.{a) 


Locality. 


Thompson's  bridge,  near  Gainesville .  — 

Western  and  Atlantic  Railroad  crossiujs  near  Atlanta 

Atlanta  and  West  Point  Eailroad  crossing  at  West  Point 

<  Jolumbus,  head  of  navigation 

Month  of  Appalachicola  river 


Approx- 
imate dis- 
tance from 
Gulf. 


Miles. 
615 

542 

434 

400 

0 


Elevation 
above 
tide.(!>) 


Feet. 
989 

762 

600 

238 

0 


Distance 
between 
points. 


Miles. 

73 
108 

34 
400 


FaU 
between 
points. 


Feet. 

227 
162 
302 
238 


Fall 
per  mile 
between 
points. 


Feet. 

3.11 

1.60 

10.65 

0.59) 


a  Data  taken  from  report  of  survey  made  under  direction  of  Major  W.  E.  King,  Corps  of  Engineers,  U.  S.  army, 
6  Elevations  are  for  low-water  surface  of  rivtr. 

Almost  the  entire  course  of  the  river  in  that  portion  having  value  for  power  is  upon  a  bed  of  solid  rock,  with 
scarcely  any  sand  or  gravel  bars.  For  30  miles  above  Thompson's  bridge,  in  Hall  county,  there  are  said  to  be  few 
shoals,  but  farther  up  they  appear  more  frequently  and  there  is  a  rapid  current.  At  Seven- Island  ford,  near 
Belton,  the  stream  is  wide,  and  there  is  a  long  shoal  where  it  was  proposed  to  take  out  water  for  a  canal  to  secure 
navigation  by  a  cross  route  from  the  Mississippi  to  the  Atlantic.  A  few  miles  from  Mount  Airy,  in  Habersham 
county,  there  is  stated  to  be  a  fall  of  some  75  feet  in  3  miles,  about  20  feet  occurring  in  rapid  pitches  in  a  short 
distance.  The  place  is  described,  however,  as  being  not  especially  favorable  for  improvement,  since  the  river  flows 
between  high  and  steep  rocky  bluffs;  but  it  is  said  that  by  running  a  canal  or  a  flume,  at  considerable  expense,  below 
the  narrows  an  open  and  very  favorable  site  for  buildings  might  be  found. 

The  entire  river  between  Thompson's  bridge  and  ColumI)us,  a  distance  of  215  miles,  Wc  s  surveyed  in  1879  by 
government  engineers  under  the  direction  of  Major  W.  E.  King,  and  the  results  of  their  examinations  are  to  be 
found  in  the  Report  of  the  Chief  of  Engineers  for  1880.  The  only  practicable  method  of  extending  navigation  over  this 
stretch  was  found  to  be  by  a  system  of  locks  and  dams,  the  estimated  expense  of  which — $4,870,000  for  construction 
alone^s  so  great  that  there  is  little  probability  of  the  work  being  undertaken.  Over  the  portion  of  the  river 
surveyed  the  width  in  the  narrower  places  gradually  increases  from  200  to  600  or  700  feet,  while  on  the  shoals  the 
width  runs  as  high  as  600  feet  between  Thompson's  bridge  and  the  Western  and  Atlantic  Eailroad  crossing,  1,200 
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or  1,300  feet  thence  to  West  Point,  and  even  reaches  half  a  mile  in  places  between  West  Point  and  Columbus.  A 
considerable  portion  of  these  extreme  -widths  is  usually  taken  up  by  islands,  which  are  common  at  the  shoals  and  are 
an  especially  valuable  feature  of  the  river  with  reference  to  its  water-power.  The  width  and  volume,  anywhere 
except  in  the  extreme  upper  waters,  are  generally  so  great  as  to  render  the  control  of  the  entire  stream  too  costly 
except  for  enterprises  of  magnitude;  but  by  taking  advantage  of  chutes  or  narrow  channels  occurring  between 
the  islands  and  the  main  shores,  or  between  the  islands  themselves,  powers  of  much  variety,  both  as  regards  fall 
and  volume  of  water,  may  be  secured  at  reasonable  outlay,  and  sometimes  at  a  ridiculously  small  expense.  In  the 
vicinity  of  Columbus  and  West  Point  three  powers  liave  been  obtained  in  the  manner  indicated,  each  serving  to 
run  a  cotton  factory  of  4,000  or  5,000  spindles,  and  farther  up  stream  there  ate  said  to  be  grist-mills  supplied  in  the 
same  manner. 

As  stated  in  the  report  of  the^ngineers'  survey,  the  Chattahoochee  above  Columbus  has  usually  a  gentle  current 
except  where  interrupted  by  shoals  and  falls;  these  are  frequent,  however,  especially  in  the  section  below  West 
Point.  The  banks  are  quite  uniform  and  of  good  height,  here  and  there  varied  by  fertile  bottoms,  and  occasionally 
rising  to  precipitous  rocky  heights,  as  between  Eoswell  and  the  Western  and  Atlantic  Eailroad  crossing.  The 
oscillations  between  low  and  high  water  are  sudden  and  heavy,  though  varying,  of  course,  according  to  the  section 
of  river  and  the  local  slope.  Assistant  Engineer  D.  L:  Sublett,  of  the  government  surveying  party,  mentions  that 
early  in  January,  1879,  there  was  a  rise  of  14  feet  in  12  hours  at  Thompson's  bridge.  The  extreme  oscillation  at 
that  point  is  given  as  21  feet;  at  Gamer's  bridge,  17  feet;  at  Eoswell  bridge,  11  feet;  at  the  Atlanta  and  West 
Point  Eailroad  crossing,  25.6  feet;  and  at  Columbus,  below  the  falls,  42  feet. 

Very  little,  comparatively,  of  the  great  power  offered  by  the  Chattahoochee  has  yet  been  put  to  employment. 
-At  Columbus  are  the  famous  Eagle  &  Phoenix  mills,  and  moderate  powers  are  also  in  use  in  that  city  and  the  vicinity 
by  two  other  cotton-mills,  and  by  an  equal  number  near  West  Point,  carrying  a  few  thousand  spindles  each.  Farther 
up  stream  there  are  reported  to  be  occasional  grist-mills,  but  the  entire  aggregate  of  power  utilized  on  the  river 
is  insignificant  in  proportion  to  the  amount  available.  The  freedom  from  ice  and  drift  is  a  favorable  feature  of 
this  stream.  Its  supplies  are  largely  derived  from  springs,  which  give  it  a  tolerably  uniform  flow.  The  very  large 
fall  occurring  within  30  miles  or  so  of  the  head  of  navigation,  and  indeed  even  within  5  miles;  the  situation  in  the 
midst  of  a  cotton-growing  section ;  the  possession  of  an  extremely  healthful  climate  by  the  adjoining  country,  and 
the  impetus  already  gained  by  the  establishment  of  successful  enterprises,  should  combine  to  fender  that  portion 
of  the  river  of  great  future  importance  in  cotton-manufacturing.  It  is  to  be  borne  in  mind  also  that  the  state  of 
Georgia  exempts  from  taxation  for  10  years  all  new  mills  devoted  to  that  industry.  One  present  disadvantage  to 
the  development  of  power  is  the  lack  of  suitable  railroad  facilities  for  the  immediate  river.  The  latter  is  crossed 
by  lines  at  Columbus,  West  Point,  northwest  of  Newman,  and  a  few  miles  from  Atlanta,  but  is  nowhere  else  directly 
reached  by  railroad  above  the  head  of  navigation;  and  though  for  180  miles  above  West  Point  its  general  course  is 
followed  by  the  Atlanta  and  West  Point  and  the  Atlanta  and  Charlotte  Air  Line  railroads,  yet  they  are  usually  at 
distances  from  it  of  from  4  to  10  miles. 

The  only  places  of  special  importance  immediately  ujwn  the  river  are  Fort  Gaines  and  Enfaula,  on  the  lower 
course,  with  i)opulations  of  900  and  3,800,  respectively ;  Columbus  with  10,000,  and  West  Point  with  1,200.  The 
country  drained  is  rich,  and  is  fairly  well  settled  along  the  railroads.  It  bears  a  large  amount  of  timber,  including 
the  long-leafed  pine,  white  oak,  hickory,  chestnut,  poplar,  and  in  southwestern  Georgia  cedar  and  cypi-ess  also. 
The  bottom-lands  along  the  river  yield  valuable  crops  of  corn  and  cotton.  In  the  upper  basin,  particularly  in  the 
section  drained  by  the  Sautee  and  Chestatee  branches,  in  the  Nacoochee  and  Yahoola  valleys,  hydraulic  gold- 
mining  is  extensively  and  profitably  conducted.  Copper  is  said  to  be  found  to  some  extent  in  Carroll  and  Fulton 
counties,  and  iron  in  Harris  county. 

Power  at  Columbus  and  vicinity. — The  shoals  and  rapids  which  characterize  all  the  upper  river,  and  which 
are  formed  by  the  hard  metamorphic  rocks  belonging  to  this  part  of  the  Appalachian  system,  reach  the  southern 
boundary  of  that  extensive  range  and'  cease  at  Columbus.  A  few  hundred  feet  below  the  Eagle  &  Phoenix  dam 
the  last  outcrop  appears,  and  it  is  said  that  no  rock  is  to  be  seen  on  the  river  below.  The  material  over  which  the 
stream  takes  its  final  plunges  is  granite  and  gneiss,  claimed  to  be  much  harder  than  Quincy  granite,  and  rendering 
difficult  and  expensive  the  construction  of  hydraulic  works.  The  immediate  banks  in  this  vicinity  are  in  general 
high,  steei>,  and  rocky,  rising  farther  back  to  hills,  beyond  which  stretches,  on  the  Georgia  side  at  least,  a  level 
tract  well  cultivated  in  corn  and  cotton. 

The  fall  which  is  usually  classed  as  lying  near  Columbus  begins  at  a  jMjint  some  4  miles  above  the  city,  on 
l^roperty  owned  by  the  Columbus  Manufacturing  Company.  A  fall  of  48  feet  8  inches  is  covered  by  its  possessions, 
which  extend  for  a  mile  along  the  stream.(a)  The  only  improvement  of  this  fall  is  by  the  company  itself,  which 
manufactures  sheetings  and  shirtings,  utilizing  18  feet  and  about  150  horse-power.  At  the  site  of  its  factory  the 
river  spreads  out  to  a  vsidth  of  from  a  quarter-  to  a  half-mile,  is  full  of  rapids,  and  is  dotted  by  numerous  rocky 
islands.  The  banks  are  generally  abrupt,  and  are  perhaps  from  75  to  150  feet  high.  Advantage  has  been  taken  of 
tin  old  slough  of  the  river  on  the  east  side,  and,  by  throwing  a  few  logs  across  between  a  couple  of  islands,  sufflcient 

a  Tlie  ownership  of  property  on  the  Georgia  side  also  extends  by  law  to  high-water  mark  on  the  Alabama  side. 
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■water  bas  been  diverted  to  the  mill,  below  which  the  continuation  of  the  channel  of  the  slough  serves  as  a  tail-race. 
The  Columbus  Manufacturing  Company  has  a  capital  stock  of  $250,000,  and  runs  4,100  spindles  and  134  looms.  It 
is  considered  that,  by  building  a  dam  across  the  river  farther  up  stream  within  the  company's  lines,  water  could 
conveniently  be  brought  down  the  Georgia  side  in  a  canal,  and  the  greater  part  of  the  fall,  if  not  the  entire  amount, 
rendered  available  for  manufactuiing.  The  dam  need  not  be  more  than  4  feet  high,  and  would  rest  upon  a 
natural  ledge  which  crosses  the  river. 

The  next  below  is  known  as  the  "Cooke  privilege"  and  is  entirely  unimproved.  It  embraces  a  total  fall  of  about 
38  feet,  which  is  naturally  divided  into  two  falls  of  liC  and  12  feet,  respectively.  The  upper  fall,  of  26  feet,  is  formed 
by  a  long  shoal.  At  its  foot  a  natural  dam,  perhaps  8  or  10  feet  high,  extends  out  from  the  Georgia  side,  opposite 
a  precipitous  point  called  Lover's  Leap,  nearly  to  the  Alabama  shore.  A  channel  is  left  on  that  side,  through  which 
the  whole  ordinary  flow  of  the  stream  rushes,  afterward  following  along  the  lower  face  of  the  obstructing  ledge, 
nearly  to  the  Georgia  side,  when  it  turns  south  again  and  passes  on  toward  Columbus.  If  the  Cooke  privilege  were 
to  be  improved  in  two  separate  falls  a  dam  would  probably  be  built  upon  the  upper  shoal  and  a  canal  run  down 
the  Georgia  bank.  To  take  advantage  of  the  lower  fall  the  channel  on  the  Alabama  side,  opposite  Lover's  Leap, 
would  naturally  be  closed  or  cut  off  from  above,  and  water  carried  in  a  flume  from  the  Georgia  end  of  the  natural 
dam  a  short  distance  down  the  bank.  It  is  thought  that  a  fall  of  20  feet  could  thus  be  secured,  and  the  slough  in 
the  river  would  serve  as  a  tail-race.  It  is  considered  by  good  judges,  however,  that  the  best  plan  would  be  to 
develop  the  privilege  as  a  whole,  by  bringing  water  down  from  the  upper  shoal  far  enough  to  render  available  the 
entire  fall.  In  any  case  this  power  would  probably  prove  an  expensive  one  to  develop  thoroughly,  and,  on  account 
of  the  high,  steep,  and  rockj-  banks,  is  not  favorably  situated  for  use.  It  has  been  suggested  that  power  might  be 
transferred  to  the  top  of  the  banks  from  below  by  cable;  but  although  this  plan  might  answer  for  powers  of  moderate 
size,  say  100  horse-power  or  less,  experience  elsewhere  seems  to  indicate  that  for  those  of  as  high  as  200  or  300  horse- 
power it  is  not  well  suited.  As  regards  transportation,  either  of  three  courses  is  open;  goods  may  be  transferred 
by  team  half  a  mile  to  and  from  the  North  and  South  Georgia  narrow-gauge  railroad,  or  a  spar-track  may  be 
carried  that  distance,  or  a  track  may  be  run  a  mile  or  two  down  the  river-bank  to  Columbus.  The  privilege  here 
described  is  for  sale,  and  is  worthy  of  careful  attention. 

The  third  privilege  in  order  is  occupied  by  Phillips'  grist-mill,  carrying  8  runs  of  stones  and  using  about  100  horse- 
power. The  dam  was  built  in  1871,  and  cost  about  $4,000.  It  is  a  framed  structure  resting  on  a  rock  foundation, 
and  is  probably  500  feet  or  more  in  length  by  an  average  of  8  feet  in  height.  The  fall  obtained  at  the  mill  commonly 
ranges  from  6  to  8  feet,  according  to  the  stage  of  water.  The  rapid  fall  in  the  river  above  prevents  much  of  a  rise 
in  that  section  during  freshets;  but  at  Phillips'  mill  we  come  within  the  influence  of  backwater  from  the  lower  river, 
though  trouble  from  this  source  is  not  of  long  duration. 

The  remaining  privilege  to  be  noticed,  and  the  one  which  brings  us  to  the  smooth  water  marking  the  head  of 
navigation,  is  owned  by  the  Eagle  &  Phoenix  Manufacturing  Company,  and  embraces  a  fall  of  about  25  feet. 
Cotton-manufacturing  was  begun  here  as  early  as  1850.  The  first  dam  was  carried  away,  but  the  present  one,  built 
in  1865,  has  stood  securely.  It  is  a  framed  structure  of  the  usual  pattern,  with  a  back-slope  of  perhaps  35  degrees. 
It  is  some  700  or  800  feet  in  length,  and  for  the  greater  part  of  that  distance  ranges  from  5  to  15  feet  in  height, 
according  to  the  contour  of  the  river-bed ;  but  in  one  place  the  height  above  foundation  is  probably  30  or  40  feet. 
It  rests  throughout  upon  rock  and  has  heavy  masonry  abutments.  It  originally  ran  quite  directly  across  the 
river,  but  the  washing  of  the  bank  on  the  Alabama  side  rendered  it  necessary  to  extend  the  dam  with  an  offset 
up  stream.  The  main  mill  of  the  Eagle  &  Phoenix  company  is  on  the  Georgia  side  just  below  the  dam.  Its 
other  mills,  and  the  mill  of  the  Muscogee  Manufacturing  Company,  which  leases  power,  are  located  at  intervals  along 
the  bank  above,  opposite  the  pool  formed  by  the  dam. .  Between  the  mills  and  the  pool  runs  the  tail-race,  protected 
on  the  river  side  by  a  splendid  masonry  wall  perhaps  8  or  10  feet  wide  at  the  top.  Spanning  this  race  are  heavy 
timber  flumes  conveying  water  from  the  pool  to  the  mills.  As  has  been  stated,  the  extreme  hardness  of  the  rock 
at  this  point  rendered  work  expensive,  and  the  cost  of  the  dam  and  the  race-wall  alone  is  estimated  to  have  been 
$125,000. 

The  Muscogee  mill,  the  uppermost  along  the  race,  uses  a  fall  of  11  or  12  feet,  and  130  or  140  horse-power; 
4,500  spindles  are  run  in  the  manufacture  of  sheeting,  shirting,  duck,  and  cottonade.  The  remainder  of  the 
privilege  is  occupied  by  the  works  of  the  Eagle  &  Phoenix  company,  comprising  three  principal  mills  and  a  large 
dye-house.  This  concern  started  up  since  the  war,  and  in  the  spring  of  1881  had  a  capital  stock  of  $1,250,000,  a  surplus 
of  $550,000,  and  a  total  investment  of  $1,925,000.  There  were  at  that  time  in  employment  1,800  hands,  and  53  bales 
of  cotton,  of  450  pounds  each,  were  used  per  week.  The  machinery  in  the  mills  includes  44,000  cotton-spindles,  1,530  ' 
looms,  and  7  sets  of  cards.  'Colored  cotton  goods,  woolens,  and  cordage  are  manufactured,  the  production  of 
cordage  alone  amounting  to  3,000  pounds  per  day.  The  Eagle  &  Phoenix  works  use  a  total  of  about  1,700  horse- 
power for  the  principal  mills,  under  heads  of  16  and  25  feet.  For  electric  lighting  a  70  horse-power  wheel  is 
employed,  and  100  horse-power  is  available  for  fire-pumps.  Seven  80  horse-power  boilers  furnish  steam,  though 
not  for  power.  At  the  new  or  main  mill  there  is  a  head  of  26  feet,  and  power  is  taken  from  4  water-wheels — Swain 
turbines  of  400  horse-power  each.    These  wheels  are  in  pairs,  each  pair  geared  upon  a  single  shaft.    Two  wheels, . 

one  of  each  pair,  give  sufficient  power  with  a  full  head,  but  the  others  are  for  additional  use  during  backwater. . 
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The  slope  of  the  river  is  very  small  below  this  point,  and  freshets  cause  a  heavy  rise,  commonly  forcing  a  istoppage 
of  work  at  the  mills  for  one  or  two  days  in  the  year.  In  the  spring  of  1881  there  was  a  rise  of  35  feet,  and  work 
was  suspended  for  15  days. 

It  may  be  seen  from  what  has  been  said  that  there  is  a  large  amount  of  undeveloped  power  in  the  vicinity  of 
Columbus.  Its  value  is  certainly  great  and  the  locality  has  important  natural  advantages.  Considering,  however, 
the  size  of  the  river  and  the  nature  of  its  banks,  the  extensive  improvement  of  the  fall  would  demand  a  heavy 
original  outlay,  and  would  probably  be  undertaken  only  by  companies  possessed  of  abundant  capital.  Hitherto 
the  lack  of  this  necessary  resource,  and  an  absence  of  special  interest  in  manufacturing  among  the  people  of  this 
section,  have  prevented,  except  in  the  notable  instance  of  the  Eagle  &  Phoenix  company,  the  formation  of  such 
enterprises  as  the  splendid  powers  to  be  obtained  would  warrant.  As  nearly  as  can  be  ascertained,  the  fall  in  that 
part  of  the  river  lying  near  Columbus  is  as  follows: 

Fall  in  the  Chattahoochee  river  within  about  four  miles  of  navigable  water  at  Columbus. 


Section  of  river. 

Fall. 

Eemarks. 

Feet. 
48.67 

25.95 

11.63 

1.19 

7.86 

25.00 

Only  18  feet  of  fall  and  a  small  pari;  of  the  flow  of  the 
river  utilized. 

>  Entirely  unimproved. 

Small  power  used  hy  grist-mill. 
UtUized. 

Erom  Cooiie's  upper  line  to  head  of  falls  at  Lover's  Leap. 

From  Cooke's  lower  line  to  surface  of  Phillips'  miU-pond. 
IFrom  Phillips'  mill-pond  to  city  line 

Eagle  &  Phcenix  Manufacturing  Company's  privilege  . . . 

* 

120.  30 

With  no  continued  series  of  gaugings,  and  with  but  few  data  regarding  the  rainfall,  or  the  flow  in  neighboring 
rivers,  it  is  impossible  to  determine  with  much  accuracy  the  power  corresponding  to  this  fall,  but  it  may  be 
estimated  as  follows  -.{a) 

Estimate  of;power  in  the  vicinity  of  Columbus,  Georgia. 
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Inches. 
13 

Inches. 
9i 

Inches. 
U 

Inches. 
49 

Sq.  miles. 
4,800^ 

Cubic  feet. 
2,500 
3,000 
3,500 

284.0 
340.8 
397.6 

2,270 
2,730 
3,180 

10,  790 
12,  960 
15, 110 

18,  920 
16,  70C 
19,480 

26, 980 
32, 380 
37,  770 

34,  080 
40,  900 

Avajlahle  10  months,  average  year- . 

47,  710 

a  With  good  wheels,  from  60  to  80  per  cent,  of  this  may  he  realized  in  ordinary  practice. 

Power  near  West  Point. — Above  the  upper  line  of  the  Columbus  Manufacturing  Company's  property  there  is 
an  "eddy",  or  quiet  water,  for  three-quarters  of  a  mile,  and  shoals  then  succeed  for  3  or  4  miles.  The  river  is 
said  to  preserve  this  general  character  all  the  way  up  to  West  Point,  there  being  no  abrupt  falls  of  magnitude,  but 
frequent  rapids,  constituting  a  valuable  section  for  power.  In  this  distance  the  river  is  reported  to  be  usually  wide, 
probably  at  least  1,000  feet,  flowing  through  a  district  'well  covered  with  pine  timber,  amid  hills  similar  to  those  at 
Columbus,  the  banks  now  high  and  steep  and  again  low  and  flat.  The  bed  is  generally  rocky.  What  is  known  as 
Jack  Todd's  shoal  begins  about  4  miles  below  West  Point,  and  extends  down  stream  7J  miles,  with  a  fall  in  that 
distance  of  51.31  feet.  In  his  report  upon  the  survey  of  this  portion  of  the  river,  (6)  Mr.  B.  W.  Frobel,  assistant 
engineer,  states  that  "  the  river  varies  here  from  600  feet  to  half  a  mile  in  width,  the  channel  being  divided  by 
numerous  islands.    The  banks  are  high  and  formed  of  rock,  and  so  are  the  islands  ". 

Power  is  used  at  two  different  points  on  this  shoal,  both  on  the  Georgia  side.  At  the  lower,  distant  about  7 
miles  by  road  below  West  Point,  is  the  cotton  factory  of  the  Alabama  &  Georgia  Manufacturing  Company,  running 


a  It  should  be  stated,  however,  that  during  the  construction,  in  1883,  of  a  new  dam  to  supplant  the  old  structure  belonging  to  the 
Eagle  &  Phoenix  Manufacturing  Company,  the  river  was  so  controlled  that  its  volume  could  approximately  be  determined ;  and  from  a 
consideration  of  the  data  thus  obtained,  kindly  furnished  to  the  author  by  Mr,  John  Hill,  engineer  in  charge  of  the  work,  it  is  believed 
that  the  discharge  of  the  river  has  not  been  overestimated.' 

I)  See  Annml  Bepori  of  the  Chief  of  Engineers,  1880  (p.  1713). 
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3,500  spindles  and  100  looms.  Some  little  distance  up  stream  a  dam  lias  been  thrown  across  between  two  islands 
to  deflect  the  current  to  the  east  side ;  another  dam  runs  from  the  mill  to  an  island  adjacent  and  secures  sufiScient 
water  for  use,  though  there  is  not  commonly  much  surplus.  Both  these  dams  are  crib-work  structures  partially 
filled  with  stone.  The  lower  is  several  hundred  feet  long,  and  has  an  extreme  height  above  foundation  of  15  or  16 
feet,  averaging  iicrhaps  11  feet;  it  was  built  in  1867.  A.bout  130  horse-power  is  in  use  under  a  head  of  9  feet. 
Slight  trouble  is  experienced  from  backwater,  and  during  the  spring  of  1881  the  mill  was  stopped  six  days  from 
that  cause.  The  company  has  a  capital  stock  of,  in  round  numbers,  $260,000,  and  manufactures  8-  and  10-ounce 
duck,  using  9  bales  of  cotton  per  diem. 

Two  miles  farther  up  stream  is  the  next  i)ower  in  use.  There,  as  at  the  privilege  just  described,  the  river 
is  wide,  studded  with  islands,  bordered  by  high  hills,  and  runs  over  a  rocky  bed.  A  dam  has  been  thrown  out 
from  the  Georgia  side,  controlling  about  one-third  the  width  of  the  river.  It  was  built  in  1870-'73,  and  is  quite 
long,  running  diagonally  up  stream,  first  to  one  island  and  then  to  another.  In  construction  it  is  a  dry-stone  wall, 
10  or  15  feet  wide  at  the  base,  6  feet  wide  at  the  top,  and  averaging  about  5J  feet  in  height.  Seven  feet  of  fall  and 
50  horse-power  are  first  used  at  Lanier's  grist-mill.  A  separate  short  canal  conveys  water  to  the  cotton  factory  of 
the  West  Point  Manufacturing  Company,  where  a  fall  of  8  feet  and  160  horse-power  are  obtained.  This  company 
runs  5,000  spindles  and  100  looms  in  the  manufacture  of  cotton  duck.  At  the  time  it  was  visited  the  mill  was  not 
running,  but  was  being  stocked  with  new  machinery  and  was  expected  soon  to  be  iu  operation  again.  Both  the 
mills  near  West  Point  ship  goods  and  material  to  and  from  that  town,  and  are  sometimes  seriously  inconvenienced 
by  impassable  roads. 

Above  this  locality  we  come  upon  a  section  of  the  river  where  the  fall  is  much  less  rapid  than  below.  As  far 
as  Pranklin  it  is  described  as  having  a  good  current,  with  occasional  shoals,  banks  usually  of  but  moderate  height, 
and  frequently  low.  The  only  use  of  power  is  by  two  or  three  small  grist-mills,  but  it  is  said  there  are  available 
unoccupied  sites  where  falls  of  7  or  8  feet  may  conveniently  be  obtained.  The  remainder  of  the  river  above  has 
already  been  described  in  a  general  way,  and  there  will  only  be  added  a  list  of  the  principal  shoals,  with  their  length 
and  fall,  as  determined  by  the  government  survey,  and  an  estimate  of  the  available  power. 

Estimate  of  potcer  at  the  principal  shoals  in  the  Chattahoochee  river  below  Thompson's  bridge,  Sail  county  (in  order 

passing  down  stream). (a) 


^ame  or  location  of  shoaL 


Approxi- 
mate 

drainage 
area. 


Length  of 
Blioal. 


Fallon 
Bboal. 
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Low  water, 
dry  year. 


Low  water, 

average 

year. 


Available 

10  months, 

average 

year. 


Bemarka. 


Shallow  ford. 


Sq.  miles. 
590 


Johnson's  shoal. 


-Overby's  shoal 

Brown's  Mill  shoal. 


Winding  shoals  and  Gamer'sBridge 
shoals. 

Island  shoal 


Eoswell  shoal 

From  foot  of  Eoswell  npper  shoal  to 
foot  of  Bull's  sluice. 

Devil's  race-course 


600 


960 


1,060 


1,280 


1,300 


Dimpsey's  ferry  . 

Pace's  ferry 

Mederis  shoal 


Mcintosh's  shoals  . . . 
HoUiugsworth's  mill.. 
Bush-head  shoal 


2,230 


2,630 


Daniel'a  Mill  shoal. 


MUes. 
l.Oi 


0.68 


1.61 

2.24 

0.95 

1.97 
2.00 


0.98 
0.81 
1.40 

0.72 
O.U 
0.40 

1.01 


6.71 


6.92 


(»)16.  92 


9.00 

13.28 
40.00 

19.95 

10.00 
6.60 
8.42 

7.24 
3.51 
5.17 

8.85 


160 


70 


170 


770 


490 


770 
2,320 


660 
430 
930 

930 
450 


1,190 


280 


1,160 

1,290 

820 

1,240 
3,730 

2,020 


1,050 


1,340 
660 


1,710 


170 


1,500 

1,650 

1,060 

1,580 
4,770 

2,580 

1,340 

880 

1,660 

1,680 

820 

1,230 

2,130 


3  miles  below  Thompson's  bridge.  Elver  300  feet  wide, 
and  divided  at  the  npper  end  of  the  shoal  by  an  island 
1,600  feetlpng. 

Three-quarters  of  a  mile  below  Shallow  ford.  Eiver 
200  feet  vride ;  minimum  depth  in  channel,  3  feet. 

Immediately  above  month  of  Chestatee  river.  Main 
river  350  feet  wide. 


1  or  2  miles  below  Chestatee  river. 
600  feet. 


Stream  widens  to 


12  miles  below  Jones'  ferry.  Eiver  from  400  to  800  feet 
wide,  and  channel  divided  by  two  islands. 

Average  width  of  river  about  600  feet 

Eiver  varies  greatly  in  width,  and  channel  is  divided 
by  many  small  islands.    Fall  given  as  nearly  40  feet. 

The  "race-course"  is  2  miles  below  Cochran's  shoal, 
and  the  fall  given  is  measured  from  the  head  of  the 
latter.    At  the  race-course  the  river  is  450  feet  wide. 

Eiver  300  feet  wide. 

Kiver  300  feet  wide  and  filled  with  sunken  reefs. 

32  miles  or  more  below  Western  and  Atlantic  Eailroad 
cros.sing.  Eiver  from  500  to  600  feet  wide.  Shoal 
consists  of  narrow  reefs  separated  by  deep  pools. 

Eiver  suddenly  widens  from  200  to  1,200  feet. 


6  miles  or  so  above  Franklin, 
feet  wide. 


Eiver  from  700  to  1,000 


Jackson's  mill,  upper  shoal . 
Huguley 's  shoal 


2,930 


0,09 


4.73 
8.00± 


690 
1,520 


990 
2,000 


1,200 
2,440 


Eiver  1,000  feet  wide  at  head  of  shoal,  and  300  feet 
wide  just  below  it. 

Eiver  830  feet  wide.    Fall  measured  from  above  dam. 

Eiver  varies  from  600  to  1,300  feet  in  width,  and  is 
divided  by  several  small  islands. 

a  Owing  to  the  lack  of  time  and  to  the  difficulty  of  reaching  the  stream  directly  by  rail,  the  various  falls  not  already  described  could  not  be  examined  in  detail. 
The  estimates  of  power  here  presented  in  connection  with  the  different  shoals  pertain  to  the  natural  fall  only  ;  in  case  of  the  actual  development  of  power  the  fall 
^practically  available  would  doubtless  vary  materially  in  individual  cases  from  the  figures  here  assumed,  being  dependent  upon  the  location  and  height  of  dam  and 
.the  length  of  canal  employed. 

1)  Based  upon  average  flow  for  the  24  hours.    With  wheels  of  ^ood  pattern,  from  60  to  80  per  cent,  of  the  theoretical  power  can  be  realized  iu  practice. 
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Estimate  of  power  at  the  princijjal  shoals  in  the  Chattahoochee  river  helow  Thompsoti's  bridge,  etc. — Continued. 


Approxi- 
mate 

drainage 
area. 

Length  of 
shoal. 

Fall  on 
shoal. 

THEOHETICAL  HOKSE-POWEU. 

Name  or  location  of  ahoal. 

Low  water, 
dry  year. 

Low  water, 

average 

year. 

Available 

10  months, 

average 

year. 

Kemarlia. 

Sg.  miles. 
3,580 
3,820 

4, 300 

Miles. 
0.69 
7.50 

0.19 
2.  00-3.  00 

0.76 

0.66 
0.98 
1.02 

2.00 
4.25 

Feet. 
5.06 
51.31 

4.00 
60. 00  + 

15.00 

16.00 
10.00 
22.00 

30.00 
120.  00 

980 
10,  720 

1,000 
15,  200 

3,820 

4,110 
2,590 
5,700 

7,800 
34,  080 

1,290 
13,700 

1,230 
18,610 

4,690 

5,040 
3,170 
7,000 

9,710 
40,  900 

1,580 
16,  610 

1,460 
22,  090 

5,550 

6,960 
3,750 
8,300 

11,350 
47,  710 

Extend  fiom  a  point  4  miles  below  West  Point  to  reef 
below  Houston's  ferry.    Eiver  varies  from  600  feet 
to  half  a  mile  in  width,  and  channel  is  divided  by 
numerous  islands.    BanVs  high  and  rocky.    Power 
used  at  two  points  by  cotton  factories. 

The  length  and  fall  as  stated  for  this  section  may  not 
be  exact,  but  are  given  as  they  appear  from  the  esti- 
mates of  locks  and  dams  necessary  to  secure  navigar 
tion.    The  shoals  are  15  miles  or  more  above  Co- 
lumbus. 

Eiver  contracts  in  width  from  1,309  to  600  feet. 

Three  miles  below  Houston's  ferry. 

Hargett'fl  island,  and  down  stream 
to  a  small  island  1,000  feet  below 
tlie  foot  of  Eonnd  island. 

to  u  point  4,000  feet  below. 

Elver  1,100  feet  wide. 

From  11  to  12  miles  above  Columbus.    Eiver  from  600 
to  700  feet  wide. 

1  mile  below  Tate's  shoals.    Eiver  1,000  feet  wide. 

18  feet  fall  and  moderate  power  obtained  by  wing-dam 
on  upper  part  of  shoals ;  7  feet  fall  and  small  power 
used  by  grist-mill  >t  Colnmbns;    25  feet  faU  and 
entire  river  controlled  by  dam  of  Eagle  &  Phoenix 
mills  at  Colnmbua.    Fall  is  otherwise  unimproved. 
Eiver  is  wide  and  contains  numerous  islands. 

Tate's  shoals 

Mulberry  Creek  shoals 

4,460 
4,800 

Shoals  from  a  point  4J  miles  up 
stream  down  to  navigable  water 
at  Columbus. 

Total  of  above  shoals 

528.  64+ 

100, 190 

127,  050 

151,  810. 

Total  effective  horse-power  returned  as  in  use  on  the 
entire  main  river  in  1880,  about  2,540. 

Note.— The  rainfall  on  the  river  basin  may  be  taken  as  approximately  12J  inches  in  spring,  13  in  summer,  9i  in  autumn,  14  in  winter,  and  49  for  the  year. 

TRIBUTARIES   OF  THE  CHATTAHOOCHEE  RIVER.  ' 

Although  the  drainage  basin  of  the  Chattahoochee  has  a  length  of  over  300  miles,  it  is  in  comparison 
extremely  narrow ;  at  West  Point  it  reaches  a  width  of  35  miles,  and  at  Columbus  about  65,  but  elsewhere  seldom 
exceeds  20  or  25  miles.  Prom  the  upper  waters  down  to  Coweta  county  the  southern  water-shed  is  sharply  defined, 
and  is  frequently  but  a  few  miles  from  the  river.  It  passes  through  the  city  of  Atlanta,  the  drainage  of  which  is 
divided  between  the  Chattahoochee  river,  running  to  the  Gulf,  and  the  Ocmulgee  river,  to  the  Atlantic.  The 
elevated,  hilly,  and  rocky  character  of  the  country  above  Columbus  gives  rise  to  numerous  tributary  streams  which 
have  considerable  fall  and  furnish  good  opportunities  for  the  use  of  power.  The  lower  river,  from  Columbus  to  the 
mouth,  is  bordered  by  a  narrow  district,  comparatively  low  and  sandy,  to  the  east  of  which  is  a  region  of  marls  and 
limestones.  Where  the  small  streams  flow  down  from  the  latter  formation  to  the  first  there  are  nearly  always  to 
be  found  falls — sometimes  of  great  height — available  for  power.  No  information  was  gained  of  any  important 
manufacturing  in  this  section,  although  there  are  said  to  be  one  or  two  small  cotton-mills  in  operation.  Above 
Columbus  the  Chattahoochee  receives  thirteen  tributaries  draining  upward  of  100  square  miles  each,  and  seven 
below  Columbus.  Of  the  former,  the  Chestatee  drains  the  largest  area— 330  square  miles;  while  among  the  latter, 
and  indeed  among  all  the  affluents  of  the  main  river,  the  XJpatoi,  which  empties  from  the  east  a  few  miles  below 
Columbus,  ranks  first,  with  a  drainage  area  of  500  square  miles.  The  limited  time  at  command  forbade  direct 
examination  of  more  than  a  very  few  of  the  affluents  of  the  main  river,  but  a  description  of  some  ol  those  that 
have  been  developed  by  manufacturing  enterprises  of  importance  may  be  of  value  in  conveying  an  idea  of  the 
probable  cliaracter  and  capabilities  of  the  rest. 

Niclcajaclc  creeTc  is  a  small  stream,  not  more  than  10  miles  long,  emptying  from  the  north  8  miles  to  the  west  of 
Atlanta,  and  draining  an  area  of  40  square  miles.  Its  upper  course  lies  in  a  rather  flat  country,  after  which  it  cuts 
through  the  hills  and  has  a  rapid  descent.  There  are  numerous  small  saw-  and  grist-mills  on  the  creek,  and  power 
is  also  used  by  the  Concord  woolen-mill,  running  two  sets  of  machinery  on  jeans  and  cassimeres.  The  dam  is  of 
rubble,  without  cement,  and  was  built  some  15  years  ago  at  an  estimated  cost  of  $1,200.  It  is  about  80  feet  long,  20 
feet  high,  and  21  feet  wide  at  the  base.  A  wooden  flume  conveys  water  100  feet  to  the  factory,  where  a  21-inch 
Bnrnham  wlieel  is  run  under  a  fall  of  21  feet.     At  times  there  is  a  little  scarcity  of  water. 

»S'oa2)  creeJc  lies  near  Marietta,  to  the  northward  from  Atlanta,  and  is  a  short  mountain  stream  running  down 
with  rapid  fall  over  a  rocky  bed.  Toward  the  month  it  ranges  from  25  to  100  feet  in  width,  averaging  perhaps 
50  feet.  The  banks  are  wooded,  steep,  and  rocky.  The  stream  itself  is  rapidly  swollen  by  heavy  rains,  and  quickly 
subsides  again.  Power  is  used  for  sundry  small  grist-  and  saw-mills  and  cotton-gins,  but  the  only  important 
manufacturing  is  about  three-quarters  of  a  mile  from  the  mouth,  where  the  Marietta  Paper  Manufacturing  Company 
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has  a  mill.  This  company  has  a  capital  stock  of  -$25,000,  and  manufactures  news,  book,  and  manila  wrapping  paper, 
turning  out  about  1,200  pounds  per  day.  It  does  not  make  use  of  wood-pulp,  and  it  is  said  that  very  little  is 
employed  in  this  section.  The  company  owns  laud  on  both  sides  of  the  creek,  embracing  a  fall  of  65  feet  in  a 
quarter  of  a  mile.  The  privilege  at  the  mill  is  improved  by  a  framed  dam  with  stone  abutments,  the  overflow  about 
100  feet  long  and  10  feet  high.  Water  is  carried  400  feet  in  a  wooden  fluuie,  and  used  under  a  head  of  22  feet  on 
two  breast-wheels,  one  27  feet  high  and  18  feet  wide,  the  other  22  feet  by  5  feet.  About  75  horsepower  is  estimated 
to  be  used,  and  it  is  thought  that  for  six  or  eight  months  in  the  year  200  horse-power  could  be  realized.  During  a 
protracted  dry  season,  however,  the  creek  runs  very  low,  and  the  mill  is  sometimes  more  or  less  short  of  water 'for  a 
period  of  three  months.  Much  of  this  trouble  occurs,  though,  at  night,  when  water  is  held  back  in  the  mill-ponds 
farther  up  stream. 

Neither  this  stream  nor  Willeo  creel;  which  is  near  at  hand,  is  of  sufflcient  size  to  be  indicated  by  name  upon 
ordinary  maps,  and  their  drainage  areas  could  not  therefore  be  determined.  Although  they  are  small,  it  is  evident 
that  the  aggregate  of  manufacturing  which  could  be  sustained  by  several  such  streams  would  reach  very  respectable 
dimensions.  Willeo  creek  is  of  less  importance  than  Soap  creek,  and  is  said  to  run  nearly  dry  in  summer.  The 
only  power  worthj'  of  notice  is  used  at  the  Willeo  mill,  where  a  fall  of  some  30  feet  is  obtained,  and  about  1,200 
spindles  are  run  in  the  manufacture  of  j^rns. 

Vickerifs  creek  enters  the  Chattahoochee  from  the  right,  18  miles  nearly  due  north  of  Atlanta.  It  drains  an 
area  of  94  square  miles,  including  portions  of  Milton  and  Forsyth  counties.  Its  course  is  entirely  through  a 
mountainous  district,  and  it  is  hemmed  in  much  of  the  way  by  high  rocky  banks,  wooded  and  steep.  The  stream 
is  a  verj-  rapid  one,  a  succession  of  leaps  and  slides  over  ledges.  As  might  be  expected,  sudden  and  violent  freshets 
occur  at  times.  In  March,  1881,  the  creek  was  swollen  by  heavy  rains  to  a  furious  torrent,  with  a  volume  estimated 
to  have  been  twice  as  large  as  had  ever  before  been  observed,  and  swept  away  most  of  the  dams  and  bridges  along 
>its  course.  It  supplies  power  to  the  usual  small  saw- mills,  grist-mills,  and  cotton-gins,  besides  a  cotton  factory 
and  woolen  factory.  The  latter  are  compelled  to  ship  goods  and  material  some  15  miles  by  team  to  and  from 
Marietta,  but  a  narrow-gauge  spur  is  projected  to  run  from  Eoswell  southerly  to  the  Atlanta  and  Charlotte  Air 
Line  railroad. 

The  lowest  mill  on  the  stream  is  close  by  the  mouth,  and  belongs  to  the  Laurel  Mills  Manufacturing  Company, 
having  a  capital  stock  of  $34,000,  and  running  2  sets  of  cards  on  woolen  goods,  jeans,  tweeds,  and  linseys.  Water 
is  brought  several  hundred  feet  in  a  canal  and  wooden  flume  to  the  factory,  furnishing  power  on-  the  way  to  a  small 
flouring-mill.  At  the  woolen  factory  a  60  horse-power  wheel  is  used,  with  a  fall  of  19  feet.  No  trouble  is  experienced 
from  either  low  or  back  water.  This  privilege  was  formerly  improved  by  a  framed  dam,  but  in  1871  this  was  in  a 
manner  replaced,  at  an  expense  of  $5,000,  by  one  of  dry  stone,  cemented,  however,  on  the  face.  The  stone  was 
laid  in  and  upon  the  old  dam  without  removing  that  structure.  The  new  dam  is  200  feet  long  and  18  feet  high, 
with  a  width  of  26  feet  at  the  base.  During  the  heavy  March  freshet  already  mentioned,  water  worked  around  one 
abutment  and  carried  it  and  the  bulkhead  aw^iy,  though  the  main  portion  of  the  dam  was  not  injured. 

This  dam  sets  the  stream  back  to  the  privilege  occupied  by  the  Eoswell  Manufacturing  Company,  about  a  mile 
and  a  quarter  from  the  mouth.  The  company  has  a  capital  stock  of  $260,000,  and  is  a  large  owner  of  property 
along  the  creek.  Its  business  is  carried  on  in  a  fine  brick  factorj^,  in  which  are  employed  225  hands,  all  native 
whites.,  some  of  whom  have  been  in  the  constant  service  of  the  company  for  twenty  or  thirty  years.  The  manufacture 
is  largely  in  yarns,  which  are  shipped  to  Philadelphia,  but  also  includes  some  colored  goods— checks  and  plaids— as 
well  as  sheetings  and  shirtings ;  124  looms,  of  which  30  are  on  colored  goo  ds,  and  8,400  spindfes  are  run,  and  9 J 
bales  of  cotton  are  used  per  day.  The  Eoswell  company  formerly  had  three  dams  on  the  stream,  but  the  lower,  near 
its  mill,  which  had  been  depended  upon  mainly  for  auxiliary  power  in  low  water,  was  carried  away  in  the  freshet 
which  has  been  described  as  so  disastrous  along  Vickery's  creek.  The  upper  dam,  3  miles  above  the  mill,  is  a 
framed  structure,  and  forms  a  pond  extending  back  3  miles,  thus  giving  a  large  storage  and  furnishing  a  fall  of  12 
feet  and  the  necessary  power  to  a  3-run  grist-mill.  The  main  dam  is  of  dry  stone,  cased  with  wood  at  the  top,  and 
was  built  about  1865.  It  is  120  feet  long,  30  feet  high,  30  feet  wide  at  the  base,  and  runs  out  to  an  edge  ait  the  top. 
From  the  dam,  water  is  carried  about  300  feet  to  the  factory  in  a  wooden  flume  5  by  8  feet  in  size.  Power  is 
taken  from  a  60-inch  American  wheel  running  under  a  head  of  27  feet.  No  trouble  is  encountered  from  backwater 
and  very  little  from  drought. 

At  Eoswell  the  creek  has  a  width,  where  running  freely,  of  perhaps  50  feet.  There  is  no  other  important 
manufacturing  on  its  course  than  has  been  described,  but  there  are  said  to  be  good  unimproved  sites  for  power. 

The  GJiestatee  river,  the  largest  tributary  of  the  Chattahoochee  above  Columbus,  joins  that  river  from  the  north, 
6  miles  west  of  Gainesville.  It  heads  in  the  counties  of  Lumpkin  and  White,  besides  which  it  drains  small  portions  of 
Hall,  Dawson,  and  Forsyth  counties.  Its  basin  includes  330  square  miles.  The  stream  carries  a  large  volume  of  water, 
has  a  rapid  fall,  and  is  valuable  for  power,  although  utilized  for  that  purpose  by  only  one  or  two  small  saw-mills. 
Bull's  shoal  is  especially  mentioned  as  offering  a  fine  site.  The  width  between  banks  is  150  or  200  feet  in  the  lower 
course,  and  in  the  eddies  there  is  an  ordinary  depth  of  10  or  15  feet.  As  with  all  the  other  mountain  streams,  the 
freshets  are  sudden  and  heavy,  with  a  rise  of  12  or  14  feet  in  places.  Along  the  stream  is  considerable  good  farming- 
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land,  but  at  many  points  the  valley  is  narrow  and  the  banks  rise  abruptly.  In  the  upper  basin  the  mining  of  gold 
is  an  important  industry,  and  on  the  bank  of  the  Chestatee  itself  a  mill  has  been  erected,  with  apparatus  designed 
for  sucking  up  the  material  of  the  river-bed  and  extracting  the  gold. 

The  Yahoola  river  and  Cane  creek,  tributaries  of  the  Chestatee,  are  both  small  mountain  streams  flowing 
rapidly  down  over  rocky  beds,  and  used  almost  exclusively  in  the  operations  of  gold-mining.  In  tHe  vicinity  of 
Dahlonega  neither  of  them  is  more  than  about  20  feet  wide.  They  are  fed  by  springs,  and  are  tolerably  steady  in 
flow  most  of  the  year,  yet  they  run  quite  low  in  summer.  The  fall  in  the  Yahoola  from  the  h^ad  of  the  Hand  canal 
to  a  point  on  the  river  some  16  or  17  miles  by  road  farther  down,  lying  a  short  distance  south  of  Dahlonega,  is  380 
feet.  In  the  remaining  IJ  mile  to  the  Chestatee  there  is  a  fall  of  30  feet,  with  one  or  two  good  sites  for  power. 
Descending  the  Yahoola,  there  is  first  a  small  grist-mill,  and  then  at  Dahlonega  the  Benning  mill,  of  10  stamps} 
the  Singleton  mill,  10  stamps;  the  Hand  Gold  Mining  Company's  mill,  20  stamps,  and  the  Findley  mill,  40  stamps. 
These  mills  take  power  directly  from  the  river,  have  timber  and  stone  crib-work  dams,  as  indeed  the  stamp-mills  in 
this  section  generally  do,  and  employ  in  most  cases  from  10  to  20  feet  of  fall.  Two  new  mills  had"  also  bfeen 
projected  in  the  spring  of  1881,  of  24  and  40  stamps;  respectively. 

Although  the  stream  is  thus  rendered  very  useful,  its  most  important  service  is  in  supplying  the  canal  of  the 
Hand  G-old  Mining  Company.  Water  is  taken  out  from  the  Yahoola  some  10  miles  above  Dahlonega  and  is  brought 
along  the  side  of- the  vallej"^  to  the  mines,  where  it  is  employed  in  washing  for  gold,  but  not  for  power.  The 
main  canal  follows  a  sinuous  course  of  20  miles  along  the  hill-sides,  and  then  divides  into  two  principal  branches, 
which  extend  enough  farther  to  give  a  total  of  about  40  miles  of  canal.  Water  is  not  drawn  from  the  main  canal, 
but  only  from  the  branches.  The  former  is  6  feet  wide,  3  feet  deep,  and  has  a  grade  of  4  feet  to  the  mile.  It  was 
originally  constructed  about  the  year  1858,  but  was  rebuilt  soon  after  the  war.  For  the  most  part  its  course  lies  in 
earth  excavation,  but  there  is  also  considerable  rock-cutting.  Until  1868  wooden  trestles  were  used  for  crossing 
depressions,  but  they  were  then  replaced  by  wooden  and  iron  tubes.  Of  wooden  tubing  there  is  now  in  use  12,000 
feet,  including  a  single  stretch  a  mile  in  length;  3,000  feet  of  18-inch  iron  tubing  is  also  in  service.  For  16  miles 
from  its  head  the  canal  runs  down  the  east  side  of  the  Yahoola,  and  then  crosses.  The  transit  is  made  in  an  iron 
tube  which  follows  down  and  up  the  steep  inclines  that  form  the  side-slopes  of  the  valley.  Over  the  stream  which 
runs  at  the  bottom  the  tube  is  supported,  through  a  distance  of  about  160  feet,  by  wooden  piers  resting  on  stone 
foundations.  The  vertical  depression  overcome  is  250  feet,  and  there  is  a  fall  of  6  feet  between  the  ends  of  the 
pipe,  which  in  a  direct  line  are  perhaps  half  a  mile  apart.  The  tube  is  of  boiler-iron,  3,000  (?)  feet  long,  36  inches 
in  diameter,  and  three-fiighths  of  an  inch  thick  at  the  bottom  of  the  valley,  gradually  decreasing  to  half  that 
thickness  at  the  top. 

Tributaries  of  the  Chattahoochee  river  [in  order  from  the  source). 


Name  of  stream. 


Soquee  river  above  junction  with  Sautee 
Santee  river  above  junction  with  Soquee 

Mud  creek 

Chestatee  river  at  New  Bridge 

Chestatee  river  at  mouth 

Suwandfe  creek 

Vickery's  creek 

Nancy's  and  Peachtree  creeks 

Nickajack  creek 

Sweetwater  creek 

Camp  creek 

Dog  river 

Snake  creek 

Cedar  creek 

Wahoo  creek 

Snndalhatchee  creek 

Hili>bahatchee  creek 

New  river 

Tellow  Jacket  creek 

Wehatkee  creek 

Oocluhee  creek 

Long  Cane  creek 

Flat  Shod  creek 


.  miles. 

149 

151 

41 

247 

330 

70 

94 

123 

40 

265 

76 

86 

67 

46 

34 

59 

123 

157 

185 

166 

107 

78 

225 


Name  of 'stream. 


Sq. 


Osannippa  creek 

Mountain  creek 

Big  Hallewockee  creek 

Wacoochee  creek 

Mulberry  creek 

Standing  Eock  creek. . . 

Bull  creek 

TJpatoi  creek 

ITcheo  creek 

Hitchetee  creek 

Hannahatchee  creek . .  - 
Hatcheochubbee  creek. 
Nochefaloctee  creek  . . . 

Cowikee  river 

Barbour  creek 

Oketeeochenee  creek  .  - 

Pataula(?)  creek 

Comochechubbee  creek 

Colomokee  creek 

Tuttayabba  creek 

Omnjussee  creek 

SowahntchcB  creek 


Drainage 
area. 


initefi. 

127 
72 
98 
39 

225 
75 
70 

500 

325 
73 
98 

104 
52 

475 
95 
53 

425 
89 
82 

204 

189 
85 


At  Dahlonega  the  main  canal  divides,  as  has  been  said,  into  two  branches.  The  larger  of  these  supplies  the 
Findley,  Pennsylvania  Consolidated,  Bast  &  Ivey,  Griscomb,  Fish  Trap,  and  Barlow  mines,  in  the  vicinity  of 
Dahlonega,  and  the  Chicago  &  Georgia  mine  at  Auraria,  6  miles  below.  The  other  branch  supplies  the  Benning, 
Hand,  Hamilton,  and  Lockhart  mines,  the  three  former  of  which  were  not  in  operation  at  the  time  this  locality  was 
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visited.  Tlie  total  espeuditure  on  account  of  the  Hand  canal  is  estimated  to  have  reached  $300,000,  although  such 
a  canal  could  now  be  built  for  a  very  much  smaller  sum.  The  Hand  Gold  Mining  Company  sells  the  water  to  the 
various  users  at  the  rate  of  12  cents  per  day  per  miner's  inch,  taken  as  the  flow  through  a  1-inch  aperture  under  a 
head  of  4  inches.  The  operations  of  hydraulic  mining  are  familiar,  and  a  description  would  be  out  of  place  here. 
Although  the  proportion  of  gold  in  the  ore  of  this  section  is  commonly  small,  the  cheapness  with  which  the  latter 
is  treated,  not  exceeding  from  25  to  35  cents  per  ton,  renders  mining  a  profitable  industrj'. 

Cane  creek  is  similar  to  the  Yahoola  river.  It  has  a  rapid  fall,  which  at  one  point  becomes  almost  vertical 
through  50  feet.  It  is  utilized  by  a  small  flouring-mill,  and  also  by  the  Barlow  stamp-mill,  at  which  16  feet  of  fall 
and  about  60  horse-power  are  obtained. 

THE   FLINT   KIVER. 

Rising  in  western  Georgia,  within  a  dozen  miles  to  the  southward  of  Atlanta,  this  river  takes  a  southerly  course, 
bending  well  to  the  eastward  toward  Macon,  and  joins  the  Chattahoochee  near  the  village  of  that  name.  The 
only  important  towns  on  its  banks  are  Albany,  in  Dougherty  county,  with  3,200,  and  Bainbridge,  Decatur  county, 
with  1,400  inhabitants.  From  the  mouth  to  Montezuma,  a  distance  of  182  miles  by  water,  the  stream  has  been 
examined  by  government  engineers  with  a  view  to  rendering  it  navigable,  and  for  several  years  more  or  less  work 
has  been  performed  along  the  lower  course.  The  design  is  to  secure  a  channel  of  the  minimum  dimensions  of  100 
feet  width  and  3  feet  depth  as  far  as  Albany  at  least,  and  in  1880  the  sum  of  $10,000  was  appropriated  by  Congress 
for  improvements  between  Albany  and  Montezuma.  Up  to  June,  1880,  inclusive,  the  entire  appropriations  to  this 
river  had  amounted  to  $37,000,  and  the  channel  had  been  opened  to  a  point  about  10  miles  above  Bainbridge.(a) 
Above  Albany  the  obstructions  are  snags  and  shallows,  and,  in  particular,  a  series  of  rocky  shoals  stretching  at 
intervals  for  some  18  miles  up  stream  from  the  town.  f 

The  Flint  river  has  a  length  by  general  course  of  about  230  miles  and  drains  8,420  square  miles.  But  of  this  area 
not  more  than  1,200  square  miles,  or  that  part  lying  north  of  Talbot  county,  should  be  considered  as  contributing 
to  available  water-power  on  the  main  river.  The  interests  of  navigation  would  appear  -to  forbid  the  damming  of 
the  stream  below  Montezuma,  and  above  that  point,  as  far  up  as  Upson  county,  no  important  shoals  were  reported. 
According  to  the  profiles  of  the  Central  Eailroad  of  Georgia,  between  its  crossings  in  southern  Macon  county 
and  at  Montezuma,  a  distance  by  water  of  not  less  than  22  miles,  there  is  a  fall  in  the  stream  of  41  feet.(6)  From^ 
Montezuma  to  Albany  the  fall  is  given  as,  approximately,  125  feet  for  the  77  miles. (c)  With  a  small  average  slope, 
and  draining  a  section  subject  to  heavy  winter  and  spring  rains,  the  river  is  visited  by  a  large  freshet-rise,  ordinarily 
amounting  to  10  or  15  feet  as  far  north  as  the  vicinity  of  Thomaston,  in  Upson  county,  but  which  was  stated  to 
have  reached  25  feet  in  the  spring  of  1881.  The  river  was  visited  at  but  one  point,  8  or  10  miles  from  Thomaston. 
It  was  there  found  to  be  from  200  to  250  feet  wide,  flowing  with  a  rapid  current,  being  at  the  time  somewhat  above 
a  mean  stage.  The  banks  were  of  sand  and  loam,  with  no  appearance  of  rock ;  on  one  side  they  rose  quite  rapidly 
to  a  height  of  50  or-'ZS  feet,  while  on  the  opposite  side  they  were  not  more  than  from  10  to  20  feet  high,  and  were 
succeeded  by  a  short  stretch  of  bottom-land.  It  was  said  that  this  description  would  apply  to  many  localities 
along  the  river  in  this  section  and  below.  But  from  the  latitude  of  Thomaston  up  stream  the  slope  becomes  greater, 
the  freBhet-rise  is  less,  the  bed  and  banks  display  more  or  less  rock,  and  there  are  frequent  shoals  with  smooth  water 
intervening.  The  upper  river  is  not  directly  accessible  by  railroad,  and  is  utilized  only  in  a  limited  way  for  power 
by  a  few  flouring-  and  grist-mills. 

Drainage  areas  of  the  Flint  river. 

Square  miles. 

At  Erin,  southwest  comer  of  Spalding  county,  below  junction  with  Lime  and  Whitewater  creeks 560 

Above  Pigeon  creet,  northern  boundary  of  Talbot  county 1,190 

Below  Big  Potato  creek 1,690 

At  Montezuma,  below  Buck's  creek 2,945 

At  Albany 5,430 

At  mouth  of  river 8,420 

TEIBUTAETES   OF   THE   FLINT   EIVEE. 

As  will  be  seen  from  a  subsequent  table,  the  Flint  river  receives  two  tributaries  with  a  little  over  1,000  square 
miles  each  of  drainage  area,  one  of  between  600  and  700,  while  the  remainder  range  from  260  square  miles  down. 
JTo  special  information  has  been  obtained  regarding  any  of  these  streams,  excepting  one  or  two  in  Upson  county, 
but  they  do  not  appear  to  be  used  for  important  manufacturing.  Above  Thomaston  they  lie  in  the  region  of 
metamorphic  rocks,  and  below  mainly  among  the  limestones  and  marls. 

In  a  letter  to  the  assistant  engineer  in  charge  of  the  Flint  Eiver  survey  {d)  the  secretary  of  the  Albany  board 

a  Report  of  the  Chief  of  ISngineers,  1880. 

i  Elevations  above  tide,  306  and  265  feet,  respectively. 

c  Report  of  the  Chief  of  Engineers,  1879  (p.  820). 

d  Report  of  the  Chief  of  Engineers,  1873. 
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of  trade  mentioned  that  2  miles  north  of  that  city,  on  Kinahatoochee  creek,  there  was  a  fine  unimproved  water- 
power  capable  of  running  100,000  spindles.  This  stream  has  a  drainage  basin  of  1,075  square  miles,  and  with 
sufficient  fall  ought  to  furnish  an  important  power. 

Toiler  creek  is  a  short  stream  confined  entirely  to  Upson  county.  It  runs  through  a  hilly  district,  has  a  sandy 
bed,  and  near  the  mouth  is  from  50  to  75  feet  wide,  with  a  good  current.  Owing  to  the  clearing  and  cultivation  of 
the  land  the  channel  has  become  somewhat  filled  up  by  the  soil  which  is  washed  in.  A  mile  or  two  from  the  mouth 
the  Flint  River  Manufacturing  Company  uses  a  fall  of  14  feet,  and  about  25  horse-power,  in  the  manufacture  of  cotton 
yarns,  consuming  60  bales  of  cotton  per  mouth.  There  is  one  other  cotton  factory  on  the  stream,  making  sheetings 
and  shirtings,  besides  several  small  grist-mills  and  cotton-gins. 

Big  Potato  creeJc  heads  to  the  eastward  of  Flint  river  in  Spalding  county,  flows  southerly,  passing  through  Pike 
and  Upson  counties,  and  joins  the  main  river  7  or  8  miles  south  of  Thomaston,  its  drainage  basin  containing  246 
square  miles.  This  stream  has  its  sources  in  the  mountains,  receives  supplies  from  many  springs,  and  is  well 
sustained  in  volume.  Flowing  among  high  hills,  with  a  rapid  fall  over  a  rocky  bed,  and  between  high  rocky  banks 
which  only  occasionally  give  way  to  patches  of  bottom-land,  the  conditions  are  favorable  for  power.  The  stream 
drains  considerable  cultivated  land,  but  also  runs  through  much  pine  timber.  There  are  numerous  small  flouring- 
and  grist-mills  along  its  course,  and  also  good  unimproved  privileges.  The  most  important  of  these  brought  to 
notice  was  one  owned  by  Dr.  C.  Rogers,  of  Thomaston,  and  located  some  3  miles  from  that  town.  The  creek  is 
there  200  or  300  feet  wide,  contains  several  small  islands,  and  tumbles  over  two  or  three  successive  ledges  in  small 
falls  of  from  3  to  5  feet  each.  Within  perhaps  a  quarter  of  a  mile  there  is  asserted  to  be  a  total  fall  of  60  feet 
available  in  two  shoals  of  30  feet  each.  Before  the  war  Dr.  Rogers  had  here  a  cotton  factory  of  1,800  spindles,  and 
claims  that  each  shoal  will  carry  5,000  spindles  the  year  around. 
i 

Estimate  of  power  at  Rogers'  privilege^  near  Thomaston. 


stage  of  water. 


liOW  water,  dry  year 

I.OW  water,  average  year 

Available  10  months,  average  year 


EAIKFALL  ON  BASIN. 


Spring. 


Inches. 


Summer.  I  Autun.n. 


Inches. 
13 


Inches, 
7* 


Winter. 


Inches. 
15 


Year. 


Inches. 


Drainage 
area. 


Sq.  miles. 
170 


Flow  per 
second, 

average 

for  the  24 

hours. 


Cubic  feet. 
30 
50 
75 


Theoretical  horse-power. 


1  foot  fan. 

Zafeetfda. 

3.4 

100 

5.7 

170 

8.5 

255 

60  feet  fall. 
200 
340 
510 


Tributaries  of  the  Flint  river  {in  order  from  the  source) 


NsLTn&  of  stream. 


Whitewater  and  Line  creeks 

Texas  (?)  creek 

Ked  Oak  creek 

Elkins  creek 

Cane  creek 

Laser  creek 

Big  Potato  creek 

Little  Potato  creek 

Hootensville  (!)  creek 

Parchelagee  creek 

Spring  creek 

Whitewater  creek 

Back's  creek 

Camp  creek 

Sweetwater  creek 


Drainage 
area. 


.  tniles. 
246 
184 
150 

87 

76 
155 
246 
104 
109 
135 

85 
260 
205 

61 


Name  of  stream. 


Hog-craw  creek 

Lampkin's  creek 

Line  creek 

Gum  creek 

Cedar  creek 

Swift  creek 

Chateeiichickee  creek 

'  Jones'  creek 

Abram's  creek 

Pinewoods  creek , 

Kinahatoochee  creek , 

Pond  creek 

Cooleewahee  creek 

Ichawaynooha  and  Kiokee,  creeks 
Spring  creek 


Drainage 


Sq.  miles. 
97 

185 
73 
74 
48 
68 
76 
55 

140 

57 

1,075 

102 

105 
1,083 

6S5 
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Table  of  utilized  power  on  tributaries  of  the  Appalachicola  river.(a) 


stream. 

Tributary  to  what. 

State. 

County. 

Kind  of  mill  or  manufacture. 

oi 

B 
a 

o 

1 

a 
^ 

cS 

dl 

el 

el 

el 

/I 

/I 

1 

3 

16 

4 

1 

3 

7 

5 

1 

2 

14 

1 

1 

2 

1 

1 

1 

10 

6 

1 

3 

1 

6 

4 

2 

1 

8 

2 

1 
6 
4 
1 
1 
1 
1 

13 
2 
2 
4 
1 

22 
1 
1 
8 
3 
1 

12 
3 
1 

14 
7 
1 

13 

'6 

V 

.2 
a 

"5 
1 

h 

Auxiliary  steam- 
power. 

Appalachicola  river  . . 
.  ..do         

Feet. 

43 

8 

|7-8^ 

9 

\       «{ 

11 

21 
129 

15 

60 

12+ 

47+ 

45+ 
7i 

28 
231+ 

16 

12 

40 

18 

32J 

35 
180 

S6i 

29 

8 
58+ 
49 
24 

9 
83 
20 
10 
57 
73 

6 

8 

8 

12 

235 

36 

36 

57 

22 

223i 

20 

30 

91 

124 

30 

277+ 
58 

275+ 

124 

11 

203 

S.P. 

2,000 

lot 

50 

ico 

130 
30 
60 
10 
32 

148 
50 
30 
75 
81 

121 
20 
36 

319 

8 

20 

38 

4 

100 
60 

191 
72 
25 
60 
6 
77 
96 
63 
8 

192 
22 
15 
75 

213 
12 
21 
30 
10 

398 
47 
43 
65 
8 

506 
60 
11 

101 

125 

120 

160 
26 
60 

226 

130 
20 

119 

H.P. 

Do 

....do  

.do    

Do 

...do    ...             

....do        

Do 

...do              

...do 

.do          

Do ,      

..do 

...do  

do    

Do 

.do         .      ... 

...do  

Hall 

Do 

do 

....do  

.do    

Do 

.      do 

...do 

Cobb 

....do 

Henry 

do 

...do  

do     . 

Do.. 

Chattahoochee  river . . 
....do  

....do  

...  do  

Do 

...  do 

Do 

do 

do  . 

Barbour , 

do 

do     

Do 

do 

do 

Do 

do 

do 

do 

Flouring  and  grist 

Do 

do      ... 

..  do 

do    

Do 

do    

...do 

..    do    .     . 

Cotton.gin 

Do . 

do    

....do    

Do 

do 

...do    

...do 

Do 

....do  

...do  

...  do 

Do 

..  do 

...  do  

...do    

Do 

do 

do 

do 

Do 

do 

do 

do 

Stone  and  earthen  ware 

Cotton 

Do 

do    

...  do  

.  do 

Do 

..  do 

....do 

do  ..  . 

Do 

....do  

...do  

Chambers 

Do 

...  do 

Georgia 

....do 

.do 

Do 

....do 

...  do 

Do 

....do 

...do  

Clay 

...do  

Do 

do 

...  do  .  . 

do 

Do 

...do 

...  do 

....do  

Do 

do 

....do    

do               .           

De           

do    

do 

do 

Saw 

Do                     .            

do    

...  do    

Kandolph 

Do.                    

do 

..  do 

Stewart 

do                 

Do        ^ 

...  do 

...do 

.     do 

..    do 

Saw                    

Do       

....do  

Chattahoochee 

...  do  

do             

Do             

...do : 

...  do 

..  do 

Do             

...do  

iluBcogee 

do    

Do    

....do  

....do    

do       

Do.        -             

...do 

....do    

...do    

Do                       

...  do    

....do  

-.do    . 

Do 

..  do 

....do  

Harris 

do 

Do 

...  do 

....do 

...  do 

do    

....do  

Do 

do    .. 

Talbot 

do 

Do                       ... 

..  do  .' 

....do  

Do                         

...  do  

...   do     

Do 

do 

...do  

...  do  

Do 

do 

....do 

....do    

Do 

do 

....do  

....do '. 

Cotton 

Do 

do    

.    do 

Meriwether 

Heard    .  ... 

Do 

do 

do 

Do 

....do 

...  do  

Saw 

Cotton 

Flouring  and  prist — 

Saw 

Cotton 

Flouring  and  gi-ist 

...  do  

Do 

...  do 

....do 

Carroll 

Do 

...  do 

...  do 

...do  

Do 

...  do 

....do 

...  do  

Do 

..do 

...do  

Do 

.    do 

...do 

...  do  

Do    

..    do    

....do 

Do                  

...do 

.  .  do    

Douglas 

....do 

Cotton-gin 

.Flouring  and  grist 

Do 

...do 

...do  

a  Not  including  power  employed  in  mining- operations  in  northern  Georgia. 

b  Ahout  a  dozen  small  flouring-  and  grist-mills  are  included  in  the  census  enumerators'  reluius  as  taking  power  from  the  main  river  in  Carroll,  Forsyth,  aud 
Heard  counties,  but  it  is  prohahle  that  they  are  really  located  on  small  tributaries  of  the  Chattahoochee,  and  they  have  been  so  classified  here, 
c  At  and  near  Columbus. 
d  At  Columbus. 
e  Near  West  Point, 
/  Possibly  not  on  main  stream. 
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Table  of  utilized  power  on  tributaries  of  the  AppalacMcola  river — Continued. 


stream. 


Tributary  to  what. 


State. 


Coanty. 


Kind  of  mill  or  manufacture. 


I 

fri 

ll 


^1 


Sundry  tributaries  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Flint  river 

Do 

Do 

Tributaries 

Do 

Do 

Bo 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Chattahoochee  river.. 

..-.do 

....do  

...do 

...do 

...do  

....do 

...do 

....do 

...do  

....do 

....do 

....do 

....do , 

.-..do 

....do 

...do  

...  do 

....do  

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 

...do 

...do 

...do 

Appalachicola  river 

...do 

...do  

Mint  river 

...do 

...do 

...do 

...do  

...do  

...do 

...do 

...do 

...do 

...do 

do 

...do .'. 

...do 

...do  

...do  

...do 

..  do 

...do  

...do 

...do  

...do 

...do  

...do  

...do  

...do  

...do  

...do 


Georgia. 
....do..., 
....do..., 
...do... 
....do... 
...do  ..., 
...do  ..., 
...do..., 
...do  .... 
...do..., 
...do  .... 
...do  .... 
...do  .... 
...do  .... 
...do.... 
...do.... 
...do.... 
...do  .... 
...do.... 
...do  .... 
...do  .... 
...do  .... 
...do.... 
...do.... 
...do.... 
...do  .... 
...do  .... 
...do  .... 
...do  .... 
...do.... 
...do  .... 
...do.... 
...do  .... 
...do  .... 
...do.... 
...do.... 
...do.... 
...do.... 
...do  .... 
...do.... 
...do  .... 
...do.... 
...do  .... 
...do.... 
...do  .... 
...do  .... 
...do.... 
...do.... 
...do..:. 
...do  .... 
...do  .... 
...do  .... 
...do  .... 
...do.... 
...do.... 
...do  .... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do  .... 
...do  .... 
...do.... 
...do.... 
...do  .... 


Douglas 

....do  

....do  

....do 

Paulding  . . . 

...do  

Cobb 

....do 

...do 

....do 

...do 

....do 

Fulton 

....do 

...do 

DeKalb  .... 

...do 

do 

...do 

Gwinnett . . . 

...do 

Forsyth 

...do 

HaU 

...do 

...do 

Milton 

...do 

Lumpkin . . . 

...do 

...do 

Habersham . 

...do 

...do 

White 

Campbell . . . 

Clayton 

Fayette , 

Campbell . . . 

Clayton 

...do 

Henry 

Spalding 

Fayette 

Coweta , 

...do 

...do 

Meriwether. 

— do 

Pike 

...do  

Crawford . . . 

Upson 

...do 

...do 

...do 

Talbot 

Taylor 

Marion 

...do  

Taylor 

...do  

Sohley 

Macon 

...do 

Dooly 


Saw 

Tannery 

Cotton , 

Woolen 

Flouring  and  grist . . . 

Saw 

Cotton 

Woolen 

Cotton-gins 

Flouring  and  grist 

Paper 

Saw 

Cotton-gins 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Furniture , 

Saw ,.. 

Tannery 

Flouring  and  grist 

Saw 

Flouring  and  grist 

Saw 

...do 

Carriages  and  wagons  . 

Flouring  and  grist 

...do    

Saw 

...do 

Flouring  and  grist 

Tannery  

Flouring  and  grist 

Leather,  cumed 

Woolen 

Flouring  and  grist 

--.do  

-.  do 

...do 

...do  

...do  

Saw 

Flouring  and  grist 

.-  do 

...do 

...do  

Saw 

Tannery 

Flouring  and  grist 

Saw 

Wheelwrighting 

Flouring  and  grist 

...do 

Cotton 

Flouring  and  grist 

Saw 

Tannery 

Flouring  and  grist 

Cotton 

Flouring  and  grist 

Saw , 

....do , 

Flouring  and  grist 

...do , 

do 

Saw 

...do  


3 
7 
2 
2 
1 
9 
4 
8 
4 
4 
1 

11 
4 
2 
7 

10 
1 
1 
1 
1 
1 
1 
5 
1 
3 
8 
1 
1 
2 
5 
4 
1 
1 

11 
1 
1 

11 
3 
2 

15 
6 
1 
9 
1 
4 
1 
6 

10 
6 
6 
1 
2 


Feet. 
136 
60 


14 

13 

20 

67 

40 
135 
368 

22 

45 

20+ 
156 

30 
120 

47 

24 

15 
116+ 

47 
154 

54 

45 

22 
151 

68 

28 
141 
183 

20 

14 

16 

20 

10 

14 

90 

13 

70 
148 

22 

18 

13 

46i 

71 
5 

30 
171 

16 

8 

154i 

25 

29 
191J 

72 

10 
2U 

12 

33 

12 

58 

84+ 

53 

51 
8 

14 


S.F. 

82 
10 
60 


375 
85 

111 

454 
75 
69 
32 

106 
31 

119 
25 
40 
10 
98 
44 

137 
36 
90 
15 

175 
82 
32 
75 

134 
4 
10 
6 
12 
15 
28 
44 
12 
50 

136 
15 
15 
40 

ie9 

88 
12 
16 

138 
15 
12 

276 
43 

115 

373 

102 
5 

169 
40 
52 
20 
95 

129 
70 

102 
30 
15 


H.P. 


20 
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Table  of  utilized  poicer  on  tributaries  of  the  Appalaokicola  river — Continued. 


stream. 


Tributaries . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

D» 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do- 
Do - 
Do- 


^ributary  to  what. 


Flint  river . 

...do 

...do 

...do 

...do 

....do 

...do 

...do 

....do 

...do 

...do 

....do 

....d«  

....do 

...do 

....do 

....do 

....do 

...do 

...do 

...do 


State. 


Georgia. 

...do  ... 
....do... 

...do  ... 

...do  ... 

...do  ... 
....do... 
....do  ... 
....do... 
....do  ... 
....do  ... 
....do... 

...do... 

...do... 

...do  ... 

...do  ... 

...do  ... 

...do  ... 

...do... 
....do  ... 
...do  ... 


County. 


Dooly 

Snmter 

Lee 

"Webster 

..  do 

Kandolph . . 

Terrell 

...do 

Calhoan  ... 

...do 

Dougherty. 

...  do 

Worth 

...do 

Early 

...do 

...do 

Miller 

...do 

Baker 

Decatur  ... 


Kind  of  mill  or  manufacture. 


Flouring  and  grist. 

...do 

...do 

...  do 

Saw 

Flouring  and  grist . 

Saw 

Flouring  and  grist . 

...do 

Saw 

Flouring  and  grist . 

Saw 

...do  

Flouring  and  grist . 

Cotton 

Flouring  and  grist . 

Saw 

...do 

Flouring  and  grist . 

....do 

...do 


3 

o 
H 


Feet. 
8  + 
51+ 
22J 
66+ 
28 
69 
11+ 
14 
10 
6 
12 


10 
25 
40 
67 

9 

8 

8 
14i 

6 


p'3 
3 

o 

H 


B.P. 
30 
99 
41 
107 
33 
84 
30 
15 
BO 
12 
40 
20 
20 
23 
45 
62 
10 
12 
40 
45 
8 


E?S 


4 


H.P. 


Table  of  utilized  power  on  sundry  streams  tributary  to  the  eastern  Qulf. 


stream. 


Tributary  to  what 


State. 


County. 


Kind  of  mill  or  manufacture. 


o 
H 


«  to 


Is. 


Escambia  river 

Tributaries 

Do 

Do 

Do 

Do... 

Do 

Do 

Do 

Do 

Do 

Bo 

Do 

Do 

Do 

Yellow  river 

Do 

Chootawhalchee  river 

Do 

Tributaries 

Do 

Do 

Do 

Do 

Do 

Do 

Dc 

Do 

Do 

Do 

Ocklockonee  river  and  tributaries  . . 

Do 


Gulf  of  Mexico 

Escambia  river 

....do ... 

...do 

...do  

...do 

....do 

....do 

...  do  

d'o 

...do 

...do 

...  do 

..  do 

...do 

Gulf  of  Mexico 

...do 

...do 

...do 

Choctawhatchee  river. 

...do 

...do 

.-.do 

...do 

...do 

..-& 

...So 

...do 

..do 

...do 

Gulfof  McKico 

...do 


Alahama. 

...do 

...  do 

...do  ..... 

...do 

...do  .... 
...do.... 

...do 

...do  .... 
...do.... 

...do 

...do  .... 

— do 

...do.... 
...do  .... 
...do.... 
...do.... 

...do  

...do 

...do  .... 
...do... 
...do  .... 
...do  .... 
...do.... 

...do  

...do  ..... 

...do 

...do  

...do  

...do 

Georgia . . 
...do 


Bullock 

Batler 

...do 

...do 

Conecuh... 

...do 

...do 

Covington  . 

...do    

Crenshaw.. 
Escambia.. 

Pike 

...do 

...do 

Covington  . 

...do 

Geneva 

...do 

Barbour  ... 

...do 

Bullock.... 

Coffee 

...do 

Dale 

Geneva  — 

..  do 

Henry 

...do 

Pike 

Colquitt . . . 
Decatur  ... 


Flouring  and  grist . . 

...do 

Cotton-gins 

Saw 

...do 

Cotton-gin 

Flouring  and  grist. . 

...do 

Saw 

Flouring  and  grist.. 

Saw  

...do 

Flouring  and  grist.. 

Cotton-gins 

Flouring  and  grist. 

Saw 

...do 

Flouring  and  grist.. 

..-.do 

Saw 

Flouring  and  grist. 

...do 

Saw 

Flouring  and  grist. 

.-..do 

Saw 

..-.do 

Flouring  and  grist. 

...do 

..-.do 

....do- 


Fut. 


B.P. 


10 
131 
30+ 
10 
65 
8 
53 
40 
*i 
237+ 
64 
6 

45 
17 
10 
8 
10 


41+ 
10 
22 
104 
22 
60+ 
41+ 
42 
3 
20 
45 
16 
64 


S.P. 


15 
143 

58 

20 

141 

6 

42 

37 

20 
236 
240 

10 

69 

16 

10 

20 

20 
7 

84 

10 

97 
121 

39 
143 

50 

70 

14 

24 

69 

30 

50  |. 
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Table  of  utilized  power  on  sundry  streams  tributary  to  the  eastern  (JMZf— Continued. 


Summary  of  power  utilized  on  streams' tributary  to  the  eastern  Gulf  (not  including  any  returns  for  Florida). 


Stream. 

Tributary  to  what. 

State. 

County. 

Kind  of  mill  or  manufiELCture. 

1 
CM 

o 

1 

1 

ft     . 

11 

0 

9 
< 

Ocklockonee  river  and  tributaries  . . . 

Gulf  of  Mexico 

.do 

Decatur 

Saw  

10 

Feet. 

6 

32 

60J 

a.  P. 

12 
34 

50 

a.  P. 

..  do 

Ocilla  river  and  tributaries 

Suwannee  liver 

...do ,. 

do 

do 

do 

do 

do 

12 
82 
9 

10 
«+■ 

7 

6 
12 
10 
80 

6 
10 
15 

12 

145 

10 

12 

10 

54 

15 

6 

6 

10 

77 

4 

40 

40 

Do 

...do  

...do 

...do 

....do 

do 

do             

..do 

Flouring  and  grist 

Do 

do                

..do    

Saw      .                 

..do 

.do 

...  do 

Saw 

Do 

do '..-.. 

....do 

Flouring  and  grist 

"Do 

do     

do    

Clinch 

....do  

Do 

do             

do    

Echols 

....do  

Do 

do       ...     - 

do          

...do    

Do 

do 

liOwndes 

Saw    

Do                                

do 

....do  

...  do 

Do                          ..     - 

....do  

...do 

Wilcox 

....do 

Galf  of  Mexico 

do 

Saw 

Do                                         

....do    

1 

COTTON-MILLS. 

WOOLEN-MILLS. 

FLOUEING-  AND 
GRIST-MILLS. 

SAW-MILLS. 

SUNDET  OTHEE  ES- 
TABLISHMENTS. 

TOTAL. 

stream. 

1 

a 

S..S 

i 
It 

1 

1 
0 

s 

|2i 

u 

i 

a 
% 

It 

1 

a 
1 

U 

'A 

i 

! 

3 

a 

0 

1 

i 

1 

i-i 

11 
1'" 

1 

0 

<£> 

r 

i 

'a 

0 

1 
a 

i 

II 

1 

1 

<1 

Tributaries  of  the  Alabama  river 

Chattahoochee  river  and  tributaries . . 

6 
13 

4 

S.F. 

],65!i 

3,065 

200 

B.P. 

10 
5 

S.P. 

79 
166 

H.P. 

408 
270 
151 
142 

If.  p. 

6,515 
4,951 
2,530 
1,684 

H.P. 
60 

20 

84 
68 
28 
32 

B.P. 

1,470 

1,105 

441 

686 

6 
7 

44 

32 

3 

8 

ff.p. 

447 

498 
33 
86 

H-.P. 

552 
388 
186 
184 

H.P. 

10, 169 
9,785 
3,204 
2,480 

60 
6 

2 

24 

Total                  

23 

4,923 

17 

269 

971 

15,  680 

■80 

212 

3,702 

,13 

87 

1,064 

1,310 

25,  638 

93 

KOTK. — "Sundry  other  establishments"  include  cotton-gins  (48),  tanneries  (14),  paper-mills  (1);  bfa«ksmithing,  carpentering,  machine,  saah-,  door-,  and  blind-, 
wheelwrighting,  and  general  wood- working  shops ;  feunderles,  iron- worts,  and  pumping- works  for  water-  supply  (1  each) ;  and  establishments  for  the  manufacture  of 
cotton-gins,  building-materials,  fumitnre,  carriages  and  wagons,  stone-  and  earthen- ware. 
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A. 

Page, 

Accessibility  of  streams  tributary  to  eastern  Gulf 4 

Alabama  river — 

Discharge  of 5 

Minor  tributaries  of,  and  drainage  areas 6 

Navigation  of 4,  5 

Tributaries  of 5-20 

Utilized  power  on  tributaries  of 18-20 

Appalachicola  river 21 

Utilized  power  on  tributaries  of 31-33 

Autauga  creelr,  Alabama,  power  at  Prattville  on 5 

B. 

Bayou  Minette,  Alabama,  power  on 1 

Big  Potato  creek,  Georgia,  estimate  of  unimproved  power  on,  near 

Thomaston 30 

Birmingham,  Alabama,  deposits  of  iron  ore  near ^ 6, 7 

C. 

Cahaba  river— 

And  tributaries,  drainage  areas  of 7 

Cost  of  improving  navigation  of 6 

Estimate  of  power  at  principal  shoals  in 7 

Fall  in,  as  shown  by  survey 7 

Valuable  resources  of  basin  of , 6,  7 

Cane  creek,  Georgia 28,  29 

Carter's  Landing,  Georgia,  estimate  of  power  on  Coosawattee  river  near.  17 
Cedar  creek,  Georgia — 

Cherokee  Iron  and  Railroad  Company's  water-privilege  on 14 

Kapid  fluctuations  in  volume  of 14 

Chattahoochee  river- 
Advantages  offered  by,  for  development  of  power 22 

Estimate  of  power  at  principal  shoals  in 25,  26 

Fall  in 21 

Freshet-rises  in 22 

Government  survey  of 21 

Important  shoals  in 21 

Mineral  and  other  resources  of  basin  of 22 

Ti-ibutaries  of .■ 26-29 

Tributaries  of,  drainage  areas  of 28 

Tributaries  of,  general  features  of 26 

Water-powers  on 22-25 

Chattooga  river 13, 14 

Chestatee  river 27,  28 

Columbus,  Georgia — 

Estimate  of  power  in  vicinity  of 24 

Fall  within  4  miles  of  navigable  water  at ' 24 

Power  on  Chattahoochee  river  at  and  in  vicinity  of 22-24 

Columbus  Manufacturing  Company's  water-privilege  on  Chattahoochee 

river 22, 23 

Conasauga  river 18 

Coosa  liver — 

Character  of,  as  regards  water-power 11,12 

Drainage  areas  of  minor  tributaries  of. 14 

Estimate  of  power  at  principal  shoals  on 13 

Fall  in 11 

Heavy  A'eshet-rises  in 12 

Natural  resources  of  basin  of 11 

Proposed  improvement  of  navigation  of 11 

Tributaries  of 13-18 


Coosawattee  river —  Page. 

Freshet-rise  in 18 

Powernear  Carter's  Landing  on 17,18 

Cost  of  hydraulic  works  at  Columbus,  Georgia. .- 23 

Cotton  and  woolen  goods,  advantages  offered  for  the  manufacture  of 4 

Eagle   and   Phoenix    Manufacturing  Company's  works   at   Columbus, 

Georgia 23,24 

Elevation,  general,  of  mountainous  portions  of  Alabama  and  Georgia  ...  2 

Etowah  river— 

And  principal  tributaries,  drainage  areas  of 17 

Discharge  of 15 

Etowah  Manufacturing  and  Mining  Company's  undeveloped  water- 
privilege  on 16, 17 

Fall  in 16 

Improvement  of  navigation  of,  unlikely 15 

Where  utilized  for  power 15 

F. 

Fall,  undeveloped,  in — 

Big  Potato  creek  near  Thomaston,  Georgia 30 

Cahaba  river  at  principal  shoals 7 

Chattahoochee  river  at  or  near  Columbus,  Georgia 22-24 

Chattahoochee  river  iit  principal  shoals 25, 26 

Coosa  river  at  principal  shoals 13 

Coosa  river  at  Wetnmpka,  Alabama 12 

Coosawattee  river  near  Carter's  Landing,  Georgia 18 

Etowah  river  near  Cartersville,  Georgia 16, 17 

Kinahatoochee  creek,  Georgia 30 

Tallapoosa  river  at  Tallassee 9 

Flint  river — 

Drainage  areas  of 10 

G  eneral  features  of 2© 

Proposed  improvement  of  navigation  of 29 

Tributaries  of 29,  30 

Freshets,  heights  of,  in  the  larger  streams 3,  9, 12, 15, 18,  £2, 29 

G. 

Geological  features  of  eastern  Gulf  slope 1,  2 

a. 

Hand  Gold  Mining  Company's  canal 28 

K. 

Kinahatoochee  creek 30 

m. 

Metamorphic  formation- 
Boundary  of,  in  Georgia  and  Alabama 2 

Falls  at  southern  limit  of 2 

Mineral  resources  of  region  tributary  to  the  eastern  Gulf 2 

IV. 

Nickajack  creek,  Georgia i;6 

O. 

Oostenaula  river  and  tributaries,  drainage  areas  of 17, 18 

JP. 

Prattville,  Alabama,  power  on  Autauga  creek  at /  5 

R. 

Eainfall,  records  of 3 

Eoswell  Manufacturing  Company's  works  on  Yickery's  creek,  Georgia..  27 
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Page. 

Soap  creek,  Georgia 26,27 

Storage  reservoirs  generally  ImpractlcaTjle  on  eastern  Gulf  slope 4 

T. 
Tallapoosa  river- 
Estimate  of  power  at  points  in  course  of 10 

Measurement  of  discharge  of 8 

Power  on,  at  Tallassee  falls 8, 9 

Principal  tributaries  of 10 

Resources  of  country  drained  by 8 

Survey  of,  with  reference  to  improvement  of  navigation 8 

Tallassee  falls — 

Character  of  Tallapoosa  river  above .' 10 

Estimate  of  power  at 9 

Power  on  Tallapoosa  river  at 8,9 

Temperature,  records  of 3 

Tobler  creek,  Georgia 30 

Tryou  Manufacturing  Company's  water-power  on  Chattooga  river 13, 11 
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V. 

Page. 

Vickery's  creek,  Georgia 27 

W. 

"Water-power — 

Afforded  by  short  streams  near  Gulf  coast '. 1 

Table  of  utilized,  on  sundry  streams  tributary  to  eastern  Gulf 33, 34 

Table  of  utilized,  on  tributaries  of  Alabama  river 18-20 

Table  of  utilized,  on  tributaries  of  Appalachicola  river 31-33 

Table  of  utilized,  summary  for  streams  tributary  to  eastern  Gulf. .  34 

West  Point,  Georgia,  power  on  Chattahoochee  river  near 24,25 

Wetumpka,  Alabama- 
Estimate  of  power  at 12 

Power  on  Coosa  river  at 12 

■Willeo  creek,  Georgia , 27 

S. 

Yaboola  river,  gold-mining  on  coarse  of 28,29 


